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Investigations of Ascorbic Acid Interference in Urine Test Strips
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SUMMARY

Ascorbic acid at higher concentration in urine samples can lead to false negative results in a number of urine tests,
with a potential risk of clinical findings being overlooked, particularly with glucose and hemoglobin. For this rea-
son, the ascorbic acid status of urine samples should always be routinely known so as to establish what adjustment
needs to be made. A much better approach, however, is to use a test which is by design largely resistant to ascor-
bic acid. We compared five very common 10-parameter urine test strips from different manufacturers. The re-
sults of this study show that of the strips tested, only the product Combur-Test from Roche Diagnostics is largely
resistant to ascorbic acid interference. Even lowest — but clinically relevant — concentrations of erythrocytes
(10/pL), hemoglobin (0.03 mg/dL), and glucose (50 mg/dL) were correctly detected with concentrations of up to
400 mg/L ascorbic acid. Higher analyte concentrations correctly reacted positive even in the presence of up to

1000 mg/L ascorbic acid. (Clin. Lab. 2006;52:149-153)
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INTRODUCTION

The ingestion of high doses of ascorbic acid — as a com-
mon constituent of food, or in the form of tablets and
fruit juices — is widespread today. As a result, high as-
corbic acid concentrations of > 400 mg/L are increas-
ingly being found in the urine samples tested by labora-
tories. Urine test strips for visual estimation of urine
analytes are still widely used in the wards of many hos-
pitals and by physicians in their practice.

Ascorbic acid on its part is known to be able to interfere
strongly in redox processes of certain dye indicator re-
actions of urine test strips, particularly in glucose and
hemoglobin indications as documented in in-vitro ex-
periments (1). Most investigations for interference of
ascorbic acid with urinary parameters like hemoglobin
and glucose are almost 20 years old (2, 3).
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The aim of this study was to evaluate which nowadays
available tests of top sellers in the urinalysis market are
by design largely resistant to ascorbic acid.

MATERIAL AND METHODS

The study was performed in the Institute of Clinical
Chemistry of the Klinikum Ludwigshafen.

Five very common 10-parameter urine test strips from
different manufacturers were compared by visual read-
ing of erythrocytes, hemoglobin and glucose results at
different sample analyte concentrations at varying urine
ascorbic acid concentrations.

Reagent carriers
The following test strips were used for visual reading
(abbreviations in brackets)

Arkray, Inc Aution 10 EA (AA)
Bayer Diagnostics Multistix 10SG (MX)
Macherey & Nagel Medi-Test Combi 10SGL  (MN)
Roche Diagnostics Combur!® Test UX (UX)
YD Diagnostics Uriscan 10SGL (YD)
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Table 1: Prepared concentration ranges tested

Ascorbic acid 0 100
Glucose 50 100
Hemoglobin 0.03 0.075
(corresponding) (10) (25)
Erythrocytes 10 25

200
300
0.15
(50)
50

Table 2: Concentration scheme according to the manufacturers

400 1000 mg/L
mg/dL
0.30 mg/dL
(100) (erythrocytes/uL)
250 (erythrocytes/uL.)

Bayer: Multistix 10 SG Macherey & Nagel: Combi 10 SGL
Glu [NEG 100 250 500 1000 >2000 mg/dL NEG NORM. 50 150 500 >1000 mg/dL
Trace + 2+ 3+ 4+
Ery [NEG 10 80 Ery/uLL NEG ca.5-10 ca.50 ca. 250 Ery/uLL
Trace+ 2+ + 2+ 3+
Hb |NEG 10 25 80 200 Ery/uL | [NEG ca. 10 ca.50 ca.250 Ery/uL
0.03 0.075 0.24 0.6 mg/dL ca.0.03 ca0.15 ca.0.75 mg/dL
Trace + 2+ 3+ + 2+ 3+
Arkray: Aution 10 EA Roche: Combur®Test UX
Glu [NORM. 50 100 200 500 1000  mg/dL NORM. 50 100 300 1000 mg/dL
+/- + 2+ 3+ 4+ + 2+ 3+ 4+
Ery [NEG + 2+ 3+ NEG ca.5-10 ca25 ca. 50 ca. 250 Ery/uL
+ 2+ 3+ 4+
Hb |NEG 20 66 330 Ery/uL NEG ca.10 ca.25 ca.50 ca.250 Ery/uL
0.06 0.2 1.0 mg/dL 0.03 0.075 0.15 0.75 mg/dL
+ 2+ 3+ + 2+ 3+ 4+
YD: Uriscan 10 SGL
Glu [NEG 100 250 500 1000 >2000 mg/dL
+/- + 2+ 3+ 4+
Ery |[NEG + 2+ 3+
Hb |NEG 10 50 250 Ery/uL
0.03 0.15 0.75 mg/dL
+ 2+ 3+

All test strips were used according to the manufacturers’
specifications, especially by regarding individual test
reading times.

Sample material

The sample material used was pooled ascorbic acid-free
native urine. For the experimental design, stock solu-
tions of glucose (2000 mg/dL), erythrocytes (10000 ery-
throcytes/uL) lysed erythrocytes (10 mg/dL. Hb) and as-
corbic acid (2000 mg/L) were prepared by adding the
amount of the corresponding substances to pooled urine
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to establish the concentration ranges shown in Table 1.
Hemoglobin solution was prepared from diluted whole
blood by supersonic hemolytic treatment. Erythrocyte
solution was prepared by washing the erythrocytes three
times with saline solution. The exact erythrocyte count
was determined by a Sysmex 2100 instrument.

Each set of urine concentrations was portioned into
15 mL Falcon tubes according to the number of ex-
amined test strips.
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Table 3: Visual readings of different glucose and ascorbic acid concentrations

Test Glucose 50 mg/dL. Glucose 100 mg/dL Glucose 300 mg/dL
Ascorbic Acid (mg/L) Ascorbic Acid (mg/L) Ascorbic Acid (mg/L)
0 100 200 400 1000 0 100 200 400 0 100 200 400 1000
UX 100 50 50 50 0 100 100 100 50 50 300 300 300 300 300
MX 0 0 0 0 0 100 100 100 0 0 S8 50 )30 100
MN 50 50 0 0 0 50 50 50 0 0 500 18 130 150 0
AA 0 0 0 0 0 50 50 50 0 0 100 200 100 100 50
YD 100 0 0 0 0 1 70 100 0 0 500 500 500 500 250

Table 4: Visual readings of different erythrocytes and ascorbic acid concentrations

Test | Int. Erythrocytes 10Ery/uL Int. Erythrocytes 25Ery/uL. Int. Erythrocytes SOEry/uL

Ascorbic Acid (mg/L) Ascorbic Acid (mg/L) Ascorbic Acid (mg/L)

0 100 200 400 1000 0 100 200 040 1000 0 100 200 400 1000
UX + + + + + 2+ + + + + 2+ 3+ 3+ 2+ 2+
MX + + + + + 2+ 2+ + + + 2+ )+ ¢ 4 2+
MN + + + + + 2+ + + + + 2+ + 2+ + +
AA + + + + + + 4 + + + 2 2% 2+ 74 +
YD 0 + 0 0 0 + o+ (+) 0 0 + o+ + + +
Test | Int. Erythrocytes 250Ery/uL

Ascorbic Acid (mg/L)

0 100 200 400 1000
UX 4+ 3+ 4+ 4+ 4+
MX | 22+ >2+ >2+ >2+ >2+
MN | 3+ 3+ 3+ 3+ 2+ |
AA | 3+ 3+ 3+ 3+ 3+
o -
Reading mode Evaluation

All color reactions were read independently by two ope-
rators who tested each set of urine specimens twice by
using two identical strips of each manufacturer. In order
to guarantee blinded trials, each set of urine specimens
was randomized by a third party before. All determina-
tions were performed within 4 hours.

All test strips were processed and read according to the
manufacturers” specifications.

Concentration ranges were determined by comparison
of the respective reaction colors with the reference color
blocks on the strip vial labels. If reaction colors were in
between two reference blocks, the most adjacent color
block had to be selected. Concentration values were re-
corded in randomized tables in form of concentration
values or their corresponding arbitrary units specified
individually by the manufacturers.
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The concentration results recorded in the tables were
“decoded” by linking with the respective randomizing
scheme and rearranged according to the concentration
scheme. The arbitrary units were translated into concen-
tration values, if appropriate, according to specifications
in order to ensure consistency (Table 2). The concentra-
tion results of both operators were in good agreement in
the vast majority of cases.

RESULTS

Interference in Glucose Reactions

The results of visual readings at 50, 100 and 300 mg/dL
glucose at stepwise addition of ascorbic acid 0 up to 1000
mg/L are summarized in Table 3.
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Table 5: Visual readings of different hemoglobin and ascorbic acid concentrations

Test | Hemoglobin 0.03mg/dL=10Ery/uL Hemoglobin 0.075mg/dL=25Ery/uL Hemoglobin 0.15mg/dL=50Ery/uL
Ascorbic Acid (mg/L) Ascorbic Acid (mg/L) Ascorbic Acid (mg/L)
0 100 200 400 1000 0 100 200 400 1000 0 100 200 400 1000
UX 10 10 10 10 0 25 25 25 25 10 50 50 25 50 25
MX 10 10 0 0 0} 25 10 10 0 0 80 80 25 2 25
MN 10 0 0 0 o) 10 10 0 0 0 50 10 10 10 10
AA 0 0 0 0 off 20 20 20 0 0 330 66 66 66 20
YD 0 0 0 0 o) 10 0 0 0 0 50 10 0 0 0
Test | Hemoglobin 0.3mg/dL=100Ery/uL
Ascorbic Acid (mg/L)
0 100 200 400 1000
UX 20 0 5 50 50
MX 200 200 80 80 25
MN 50 50 50 50 10
AA 20 U 30 il 66
YD 50 10 50 10 10

The results show that with no ascorbic acid present, on-
ly three out of the five tests were able by design to de-
tect the pathologically relevant glucose concentration of
50 mg/dL. The Combur-Test urine test strips detected
even that concentration range up to 400 mg/L ascorbic
acid and consequently showed the highest resistance
against ascorbic acid interference at higher glucose con-
centrations. The test results may differ at given concen-
trations due to individual gradation ranges of the tests
(ref. to Table 2).

Interference in Erythrocyte Reactions

The results of visual readings at 10, 25, 50 and 250 ery-
throcytes/uL. at stepwise addition of ascorbic acid 0 up
to 1000 mg/L are summarized in Table 4.

A detailed analysis shows that the test strips of most
manufacturers, except those of YD Diagnostics, detect
erythrocytes correctly, even if it is sometimes difficult
to assign the visual reading of erythrocyte spots to the
correct concentration range, thus leading sometimes to a
certain inconsistency for the different readings of ery-
throcytes.

Interference in Hemoglobin Reactions

The results of visual readings at 0.03, 0.075, 0.15 and
0.3 mg/dL hemoglobin at stepwise addition of ascorbic
acid O up to 1000 mg/L are summarized in Table 5.

In the detailed analysis it is evident that with no ascor-
bic acid present, three out of the five tests are able by
design to detect the pathologically relevant hemoglobin
concentration of 0.03 mg/dL. The Combur-Test urine
test strips detected even that concentration range up to
400 mg/L ascorbic acid and showed the best robustness
against ascorbic acid interference at higher hemoglobin
concentrations. The test results may differ at given con-
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centrations due to individual gradation ranges of the
tests (ref. to Table 2).

The results of the pathological erythrocyte readings and
the hemoglobin reading differ with some manufacturers.
The best performance for erythrocytes and hemoglobin
readings was shown by the Combur-Test urine test strip.
One reason for the difference is that the concentration
ranges of some manufacturers are not identical. Further-
more it is more difficult to assign visual readings of in-
tact erythrocytes to the appropriate concentration range.
Especially in the lowest gradation range, few erythro-
cytes are already reported as positive. This could be
clearly demonstrated with the Arkray Aution strip
which reads negative with lysed erythrocytes at a con-
centration of 10/uL and positive with intact erythrocytes
also with 10/uL. despite the fact that a positive reading
according to Table 2 should appear only with >20 ery-
throcytes/uL.

DISCUSSION

In 1992 Brigden at. al (4) published the results of a sys-
tematic analysis of the incidence of the presence of as-
corbic acid in urine samples of a normal population. An
examination of 4379 routine urinalysis specimens by
Brigden found 22.8% positive for ascorbic acid at a
mean concentration of 370 mg/l with a range of 70-
3400 mg/l. In the same study, Brigden could show that
even a moderate intake of 250 mg/day vitamin C can
produce a mean ascorbic acid level of 310 mg/l, and a
dose of 1500 mg/day a mean ascorbic acid level of 630
mg/l. Additional investigations of the effect of a con-
trolled intake of ascorbic acid clearly confirmed that
significant ascorbic acid levels are a common fact in
routine urinalysis (5).
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Brigden found that several urine test strips, except
Chemstrip* urine test strips, yielded false-negative re-
sults with pathologic samples. (Chemstrip* is the US
brand of the Combur-Test manufactured by Roche Dia-
gnostics, formerly Boehringer Mannheim).

In the years since the publication of Brigden’s study in
1992 the ingestion of ascorbic acid is playing an ever
increasing role. The worldwide annual demand for as-
corbic acid in 1995 was estimated at 60,000 tons — an
increase by 50% since 1980 (6). One third of the total
production is used for vitamin preparations in the phar-
maceutical industry. The rest of 40,000 tons is mainly
used as an additive by the food industry, and ascorbic
acid is present in almost all kinds of packaged food and
beverages as a preservative and for quality improve-
ment. The additives are indicated on the packaging as E
300, E 301, E 302, E 303, or E 304. As a consequence
and also considering the increasing trend to conveni-
ence food, the incidence of ascorbic acid concentrations
> 400 mg/L in urine samples must have increased signi-
ficantly, with a potential impact on urinalysis dipstick
readings. Roche Diagnostics is using iodate to widely
eliminate the interference of ascorbic acid on their urine
test strips (1, 5). New studies which could demonstrate
whether other manufacturers have also adapted dipstick
performance by reducing or eliminating the ascorbic
acid interference were not available.

CONCLUSION

In routine urinalysis there is a tendency to reduce costs
by streamlining laboratory procedures. Thus, normal
urinalysis dipstick results would often not be followed
by further urine examinations.

The findings of the present study demonstrate that if the
urinary ascorbic acid content is not considered, most
urinalysis dipsticks would even today report potentially
dangerous false-negative results for glucose and hemo-
globin. The approach to determine the ascorbic acid sta-

tus of urine samples routinely in order to establish-

which adjustments need to be made does not eliminate
the problem. A much better and cost-efficient proceed-
ing is to use a test which is by design largely resistant to
ascorbic acid.
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