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Background: Analysis of body fluids aids in diagnosis and monitoring disease. However, only a few testing platforms and reagents have been
validated for a range of body fluids or analytes. In this study, we evaluated a testing system, which has been approved for blood samples, in ana-

lyzing body fluid specimens upon matrix mixing.

Methods: Serum and body fluid samples, including cerebrospinal fluid (CSF), ascites, pleural fluid, amniotic fluid, and synovial fluid, were mixed,
then the matrix effect and linearity for major analytes, namely amylase, chloride, glucose, LDH, and protein were evaluated (N=30 serum-body
fluid pairs) on the Cobas 8000 c702. The obtained data was compared with that of open reagents evaluated on the Architect ¢16000.

Results: For all analyte-body fluid pairs, the mean percent recovery ranged from 98.4% to 101.7%, and this was within the acceptable range for
matrix effect. In the linearity test, maximum non-linearity for each analyte-body fluid pair ranged from -5.0% to +4.2%. In interference test, pro-
teins showed positive hemolytic, icteric, and lipemic interference in CSF and hemolytic interference in amniotic fluid. There was no significant in-
terference in the other analyte-body fluid pairs. Results were highly correlated between the Cobas 8000 c¢702 and the Architect c16000 system.
Conclusions: Our findings revealed that the matrix effect of major analytes in body fluid specimens can be excluded and they also validated the
linearity of the analytes in the body fluid specimens. Therefore, reagents specified for blood samples can be readily adopted for the analysis of

body fluids.
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INTRODUCTION

Laboratory tests play a major role in clinical decision making

during disease screening, diagnosis, and therapeutic response
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monitoring [1, 2]. Therefore, laboratory tests should be validated
for accurate and reliable results. Many manufacturers provide lab-
oratory test platforms, consisting of the analyzer and reagents,
along with certain performance specifications. However, these
specifications are usually for blood-derived specimens, such as
serum or plasma, and not for all types of body fluids. Even
though laboratory tests for specific body fluid specimens are re-
quested for clinical needs [3], and the test is occasionally validated
for this body fluid specimen, these validations are not routinely
performed. Consequently, the performances of laboratory tests
for analysis of body fluids are not FDA-approved [4-6] and cannot
be warranted.

The Clinical and Laboratory Standards Institute (CLSI) guide-
line C49-A describes that the “matrix” surrounding the measur-

and of interest can alter the physicochemical property of the mea-
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surand and affect the test results. It also provides guidelines for
the validation of body fluid chemistry tests, whose performance
specifications have not yet been approved [7].

In this study, we evaluated the performance of a test system
that determines the levels of certain analytes in body fluid speci-
mens using specifications that have been validated for blood-de-
rived samples. We specifically focused on the evaluation of ma-
trix effect and verified the application of the test system to the

specimens that are not serum or plasma.

MATERIALS AND METHODS

1. Specimens and analyzers

Analytes evaluated in this study were selected on the basis of
their established clinical utility and demand [3], and consisted of
the following: amylase for diagnosing and monitoring pancreatic
disease; chloride (CD) for diagnosing cystic fibrosis; glucose, lac-
tate dehydrogenase (LDH), and total protein for distinguishing the
origin of abnormal pleural fluid or ascites, and diagnosing infec-
tion. Body fluid specimens evaluated in the present study con-
sisted of the following: cerebrospinal fluid (CSF), ascites, pleural
fluid, amniotic fluid, and synovial fluid. These specimens ob-
tained were residual samples that were left after completion of
clinical tests. For each analyte, matrix effect, linearity, analytical
measurement range (AMR), and interference were evaluated on
the Cobas 8000 ¢702 analyzer (Roche Laboratories, Basel, Switzer-
land) using specific reagents (Roche) designed for the closed sys-
tem and specifications that have been validated for blood-derived
samples. Method comparison was performed by comparing the
results obtained from the aforementioned analyzer and with that
of the Architect ¢16000 analyzer (Abbott Laboratories, IL, USA)
using open reagents (amylase, LQDIA AMY Asan; Cl, DENKA Ion
charge; glucose, SICDIA L GLU REAGENT; LDH, SEKISUI AUTO
ANALYZER LDH-L; protein, SICDIA TP reagent), which are used
for routine laboratory tests. All the tests were validated for blood-

derived samples by the manufacturers.

2. Study design
1) Matrix effect

The matrix effect of body fluid was evaluated in mixed samples
of serum and body fluid specimens using a modified protocol of

a previous study by Swift et al. [8]. According to the CLSI C49-A
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guideline, ten specimens of each type of body fluid should be
used to minimize sample-specific variation. Therefore, 50 body
fluid specimens (ten specimens per body fluid type) were pre-
pared. These specimens were paired with 50 serum specimens,
and then the five aforementioned analytes, namely amylase, CI,
glucose, LDH, and protein, were measured on the Cobas 8000
¢702 analyzer in serum mode. The test samples were prepared
from the 50 serum-body fluid pairs in three ratios, 3:1, 2:2, and 1:3
of body fluid to serum. Thus, a total of 150 mixed samples, con-
sisting of 30 mixed samples per serum-body fluid pair, with vari-
ous mixing ratios were subjected to testing, and the obtained val-
ues for each analyte were compared to the “expected” values,
which were values obtained from pure serum and pure body
fluid samples prior to mixing. As described in a previous study [4],
the percent recovery for each sample was calculated as follows
and presented on scatter plot:

Percent recovery = (measured value/expected value) * 100%

For each type of body fluid, %recovery values for each analyte
were obtained, and then the mean and 95% confidence intervals
(CD were calculated. An average percent recovery within the
range of analyte-specific desirable total error, as suggested by

Westgard [9], was regarded as “acceptable”.

2) Linearity and AMR

Body fluid specimens with low levels of amylase, glucose,
LDH, protein and a high level of Cl (except synovial fluid which
commonly has higher LDH than serum) were mixed with serum
samples that had a near-AMR upper limit concentration of each
analyte in ratios 3:1, 2:2, 1:3, and 1.7 of body fluid to serum. The
linearity of body fluids was assessed according to CLSI EP06-A
guideline [10], wherein expected values were plotted on the x-
axis and measured values on the y-axis. The linearity of analyte
in the body fluid specimen was considered acceptable when the
regression for six pairs of values showed best fit for linear regres-
sion or best fit for polynomial regression with a percent difference
smaller than 10% compared to the linear regression of the tested

concentration range.

3) Interference
Serum samples with high concentration of interference compo-
nents, such as hemoglobin (H-index), bilirubin (I-index), triglycer-

ide (L-index), within the manufacturer-claimed acceptable limit in
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specification, and serum and body fluid samples with “low in-
dex” were prepared for interference evaluation. Each sample was
measured for five test items, and the high index serum samples
were serially diluted, 2-, 4-, 8-, and 16-fold with low index serum
or body fluid as diluent. Finally, 600 samples for the five analytes
(5), the five types of body fluid with low index and their corre-
sponding five low index serum samples as diluent (10), and the
three types of interference material with four-fold serial dilutions
(12) were prepared. For each analyte and body fluid type, the
measured values were obtained, and then the percent recovery
was determined using calculated expected values. The effect of
interference material in serum and body fluids was regarded to
be equivalent if the percent recovery of serum- and body fluid-di-
luted samples were not significantly different. When the percent
recovery of body fluid diluent was significantly different from that
of serum, it was compared with the results of the matrix effect ex-
periment performed without interference material, to determine
whether the difference has originated due to the presence of an
interference material or an intrinsic matrix effect. Comparison
with biological variation was performed to evaluate whether the
difference originating from interference is clinically significant or

not.

4) Correlation

Five test items in 20 specimens for each body fluid type were
measured using the Cobas 8000 c¢702 analyzer with its specific re-
agent and the Architect ¢16000 analyzer with an open system re-
agent. For method comparison, the results obtained from the two
test systems were compared by Deming regression, and the slope,
intercept, and their 95% Cls, coefficients of determination (R?)
were calculated. Comparisons with a slope of 1 and an intercept

of 0 in the 95% CI were regarded as “equivalent”, and R* larger

than 095 was considered to be “transferable” even if it did not

meet the aforementioned conditions.

3. Statistical analysis

Statistical analysis of the matrix effect evaluation and interfer-
ence test was performed with IBM SPSS Statistics for Windows
Version 25.0 IBM Corp., Armonk, NY, USA). The EP Evaluator 12
(Data Innovations, Burlington, VT, USA) was used for the linearity
test and method comparison, and MedCalc version 14.8.1 (Med-

Calc Software, Ostend, Belgium) was used for the interference test.

RESULTS

1. Matrix Effect

Thirty pairs of analyte-body fluid specimens were analyzed,
and the percent recovery, percent difference, and absolute per-
cent difference of each test sample was calculated to determine
the mean values and 95% CIs. The mean percent recovery ranged
from 984% (protein-CSF) to 101.7% (LDH-pleural fluid), and the
lower and upper limit of the 95% CI ranged from 96.9% (protein-
CSP) to 102.8% (LDH-pleural fluid) (Table 1). Mean percent recov-
ery of a few analyte-body fluid pairs were significant with 100%
recovery. However, the differences were within range of allow-

able variation (Fig. 1.

2. Linearity and AMR

For the evaluation of linearity, most analyte-body fluid pairs
showed best fit for linear regression, and only some of them
showed best fit for polynomial regression and had a non-linearity
of less than 10% compared to the linear fit. The recovery ranged
from 89.2-110.0% (Table 2).

Table 1. Mean % recovery and 95% confidence interval (Cl) for each analyte in mixed serum-body fluid specimens, reflecting body fluid matrix ef-

fect

N Amylase (14.6%) Chloride (1.5%) Glucose (6.96%) LDH (11.4%) Protein (3.63%)
CSF 30 99.7 (98.4,101.1) 100.2* (100.0, 100.4) 99.3*(98.8,99.9) 99.5 (98.6, 100.5) 98.4*(96.9,99.9)
ASC 30 100.8% (100.2, 101.4) 100.4% (100.1, 100.5) 99.8 (99.5, 100.2) 101.0* (100.5, 101.5) 100.8% (100.1, 101.5)
PL 30 99.9 (99.5, 100.3) 100.1(99.9, 100.3) 101.0* (100.6, 101.3) 101.7* (100.6, 102.8) 99.9 (99.6, 100.4)
AMN 30 100.1 (99.6, 100.6) 100.5* (100.3, 100.7) 1003 (99.7, 100.8) 100.4 (99.8, 100.9) 100.8* (100.2, 101.4)
Joint 30 98.8%(97.8,99.8) 98.7%(98.2,99.3) 99.7 (98.1, 101.4) 100.1 (98.6, 101.7) 101.2* (1003, 102.0)

Mean % recovery and its 95% Cl were calculated from % recovery values of thirty test samples for each analyte-body fluid pair, and then compared with desirable biological
variation based on the Westgard's desirable biological variation, which is presented in parenthesis on the table.

*Test, which showed statistically significant bias between the expected and measured values, having 95% ClI of mean percentage difference that does not contain zero.
Abbreviations: CSF, cerebrospinal fluid; ASC, ascites; PL, pleural fluid; AMN, amniotic fluid; LDH, lactate dehydrogenase.
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Fig. 1. Percent recovery of each analyte, namely (A-E) Amylase, (F-J) chloride, (K-0) glucose.
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3. Interference

Serum samples that showed high H-index ranging from 135 to
216, and T-index ranging 31-306, corresponding to the presence of
hemoglobin or bilirubin, respectively, in the order of mg/dL, and
L-index ranging 89-153, corresponding to the presence of artificial
lipid (Intralipid; Kabi-Pharmacia) in the order of mg/dL, were des-
ignated as “high-index” samples. “Low-index” serum and body
fluid samples had very low, nearly zero interference index. The
results of interference evaluation performed by diluting high-in-

dex serum with low-index serum and body fluid are shown in Ta-
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while dotted lines represent mean percent recovery.

ble 3. When the recovery of body fluid diluent for specific ana-
lytes paired with interference material was compared with that of
serum diluent using the Mann-Whitney U test, most body fluids,
except CSF and amniotic fluid, showed a statistical equivalence
with P-value >0.05 or analytical equivalence with mean percent
difference smaller than Westgard’s allowable error. For protein
measurements, CSF showed positive interference compared to
low-index serum diluent for hemoglobin, bilirubin and lipid,
whereas amniotic fluid showed positive interference for hemoglo-

bin only (Fig. 2).
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Table 2. Linearity and analytical measurement range (AMR) of analytes, vendor-claimed for serum and confirmed in the present study for body

fluid samples
Vendor-claimed AMR e
Sample Analyte Unit (for serum) veriied AMR Best-fit model non'l\i/lnaet;r:i]t? () Re%;:)er\/
Lower Upper Lower Upper

CSF Amylase u/L 1 3,000 0.5 1,758.0 Linear N/A 99.5-102.7
Chloride mmol/L 60 140 79.60 136.55 3rd -0.8 99.1-101.2
Glucose mg/dL 5 800 56.5 702.0 Linear N/A 96.8-100.3
LDH IU/L 5 3,000 281.0 1,015.0 2nd -2.7 99.7-103.1
Protein g/dL 0.5 12 2.10 9.10 2nd -50 89.4-102.2

ASC Amylase U/L 1 3,000 4385* 1,682.0 Linear N/A 100.0-104.2
Chloride mmol/L 60 140 79.0 1183 3rd -0.6 99.2-100.8
Glucose mg/dL 5 800 50.5 6710 Linear N/A 99.5-100.3
LDH UL 5 3,000 275.0 961.5 Linear N/A 100.0-105.4
Protein g/dL 05 12 2.45 9.05 Linear N/A 100.0-102.0

PL Amylase u/lL 1 3,000 220 1,143.0 Linear N/A 100.0-101.7
Chloride mmol/L 60 140 78.2 109.35 Linear N/A 99.5-100.1
Glucose mg/dL 5 800 89.0 5325 Linear N/A 96.6-100.8
LDH IU/L 5 3,000 380 893.0 Linear N/A 94.5-102.3
Protein g/dL 05 12 40 9.6 3rd -2.1 96.3-100.6

AMN Amylase U/L 1 3,000 13.0 930.0 Linear N/A 89.2-100.6
Chloride mmol/L 60 140 84.1 131 3rd -0.8 98.5-100.1
Glucose mg/dL 5 800 64.5 5315 3rd 3.6 94.9-100.9
LDH IU/L 5 3,000 224.5¢ 666.0 Linear N/A 100.0-108.1
Protein gldL 05 12 3.7 9.1 3rd 20 95.8-101.2

Joint Amylase u/L 1 3,000 2145 854.5 Linear N/A 96.4-100.0
Chloride mmol/L 60 140 87.3 1439 3rd -2.1 95.1-100.0
Glucose mg/dL 5 800 201.5 664.0 2nd 4.2 97.5-110.0
LDH IU/L 5 3,000 1315 593.0 2nd -49 100.0-106.6
Protein g/dL 0.5 12 20 9.45 3rd -4.8 99.6-108.7

*Specimens that showed high nonlinearity, that is larger than 10% in Level 1 material, validated the lower limit of AMR for Level 2 material.
Abbreviations: CSF, cerebrospinal fluid; ASC, ascites; PL, pleural fluid; AMN, amniotic fluid; LDH, lactate dehydrogenase.

4, Correlation

Data obtained from Cobas 8000 ¢702 (Roche) with its specific
reagent were compared with those from Architect 16000 (Ab-
bott) with an open system reagent using Deming regression. It
was found that many analyte-body fluid specimen pairs showed
statistical equivalence between both platforms with a slope of 1
and intercept of 0 in the 95% CI. Analytes that were not equiva-
lent showed high correlation between two systems with R* > 0.95
except for Cl in ascites (Table 4). When the percent differences
between two platforms were presented as a Bland-Altman plot,
most tests showed a mean percent difference smaller than West-
gard’s allowable variation, and some tests like amylase and pro-
tein in synovial fluid were transferable; only Cl in ascites had a
nonequivalent result, similar to that of the regression analysis (Fig.

3). Therefore, values obtained from these systems can be inter-

https://doi.org/10.47429/lm0.2021.11.4.254

converted using an appropriate transformation equation, as they

are statistically equivalent.

DISCUSSION

In the present study, the performance of a testing system,
which is conventionally used of blood-derived specimens, for the
analysis of body fluid specimens was validated. The matrix effect,
linearity, AMR, effect of interference material, and method com-
parison were assessed for five analytes (amylase, Cl, glucose,
LDH, protein) in five body fluid specimen types (CSF, ascites,
pleural fluid, amniotic fluid, synovial fluid).

We found that the matrix effect showed a percent difference
and an absolute percent difference smaller than 5% for all the an-

alyte-body fluid pairs, and this was within the acceptable level of
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Table 3. Mean percent recovery and 95% confidence interval of five analytes under the presence of interference material when "low index" serum
and body fluid specimens were used as a diluent for "high index" serum samples

Serum mean . Body fluid

Interference Analyte Recovery (%) Body fluid mean recovery (%) p-value* TEa (%) Decision
Hemolysis Amylase 99.6 (99.1- 100.1) CSF 100.1 (99.1-101.7) 0.183 14.6 Equivalent
(H-index) Ascites 99.3 (98.1-100.6) 0.737 14.6 Equivalent
Pleural fluid 101.0 (94.3-107.6) 0.525 14.6 Equivalent
Amniotic fluid 101.3 (98.3-104.3) 0.097 14.6 Equivalent
Synovial fluid 100.2 (96.9-103.5) 0.241 14.6 Equivalent
Chloride 100.1 (99.8-100.3) CSF 99.8 (99.1-100.4) 0.431 15 Equivalent
Ascites 99.6 (99.2-100.0) 0.068 1.5 Equivalent
Pleural fluid 99.5(99.1-99.8) 0.018* 15 Equivalent
Amniotic fluid 99.8 (98.9-100.7) 0.477 15 Equivalent
Synovial fluid 99.5 (98.1-100.8) 0.273 1.5 Equivalent
Glucose 100.3 (99-8-100.9) CSF 104.0 (102.0-106.0) <0.001* 55 Equivalent
Ascites 103.3 (101.8-104.9) <0.001* 55 Equivalent
Pleural fluid 102.0 (100.5-103.5) 0013 55 Equivalent
Amniotic fluid 99.9 (99.3-100.6) 0.273 55 Equivalent
Synovial fluid 99.8 (98.6-100.9) 0.183 55 Equivalent
LDH 100.6 (100.1-101.1) CSF 100.5 (100.4-100.6) 0.627 "4 Equivalent
Ascites 99.7 (98.4-101.0) 0.157 1.4 Equivalent
Pleural fluid 100.1 (99.0-101.2) 0.477 1.4 Equivalent
Amniotic fluid 102.3 (100.7-103.9) 0.010* 1.4 Equivalent
Synovial fluid 100.0 (99.0-101.1)) 0.388 1.4 Equivalent
Protein 100.5 (100.0-101.0) CSF 108.4 (101.9-114.9) <0.001* 3.63 Nonequivalent
Ascites 101.3 (98.5-104.2) 0.347 3.63 Equivalent
Pleural fluid 102.3 (100.6-103.9) 0.010 3.63 Equivalent
Amniotic fluid 104.4 (102.9-106.0) <0.001 3.63 Nonequivalent
Synovial fluid 101.7 (96.6-106.9) 0.157 3.63 Equivalent
Icterus Amylase 99.9 (97.9-102.0) CSF 1009 (99.1-102.7) 0.037 146 Equivalent
(I<index) Ascites 100.7 (99.7-101.7) 0.029 14.6 Equivalent
Pleural fluid 96.2 (94.6-97.7) 0.001* 14.6 Equivalent
Amniotic fluid 98.7 (96.3-101.0) 0.525 14.6 Equivalent
Synovial fluid 100.0 (100.0-100.0) 0.183 14.6 Equivalent
Chloride 99.7 (99-4-99.9) CSF 99.5 (98.5-100.5) 0.737 15 Equivalent
Ascites 99.7 (98.9-100.40 0970 15 Equivalent
Pleural fluid 99.9 (99.6-100.2) 0.273 1.5 Equivalent
Amniotic fluid 99.5 (99.0-100.0) 0.388 1.5 Equivalent
Synovial fluid 100.0 (98.5-101.6) 0.157 15 Equivalent
Glucose 100.0 (99.4-100.6) CSF 101.9 (100.9-102.9) 0.002* 55 Equivalent
Ascites 101.4 (100.7-102.2) 0.003* 55 Equivalent
Pleural fluid 100.5 (99.6-101.3) 0.081 55 Equivalent
Amniotic fluid 99.5(97.8-101.2) 0.525 55 Equivalent
Synovial fluid 99.4 (97.6-101.2) 0.575 55 Equivalent
LDH 989 (96.6-101.3) CSF 100.5 (100.0-101.1) 0.241 1.4 Equivalent
Ascites 99.3 (98.3-100.3) 0.347 1.4 Equivalent
Pleural fluid 100.64 (100.1-101.2) 0.183 "4 Equivalent
Amniotic fluid 101.1 (99.5-102.6) 0.056 1.4 Equivalent
Synovial fluid 99.9 (99.0-100.8) 0911 N4 Equivalent
Protein 99.9 (99.5-100.4) CSF 108.1 (103.8-112.4) <0.001* 3.63 Nonequivalent
Ascites 101.6 (99.9-103.2) 0.013 3.63 Equivalent
Pleural fluid 100.9 (98.2-103.5) 0.157 3.63 Equivalent
Amniotic fluid 101.0 (97.7-104.2) 0.183 3.63 Equivalent
Synovial fluid 102.6 (101.0-104.2) 0.001* 3.63 Equivalent

(Continued to the next page)
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Table 3. Continued

Interference Analyte E:gﬁlrﬂ;e@g Body fluid meai?‘:z;\llzg (%) p-value* TEa (%) Decision
Lipidemia Amylase 99.1 (98.6-99.6) CSF 101.6 (100.0-103.3) 0.002 14.6 Equivalent
(L-index) Ascites 100.3 (99.3-101.3) 0.056 14.6 Equivalent
Pleural fluid 101.7 (100.6-102.7) <0.001* 14.6 Equivalent
Amniotic fluid 98.8 (96.5-101.0) 0.794 14.6 Equivalent
Synovial fluid 100.2 (98.3-102.0) 0.097 14.6 Equivalent
Chloride 99.8 (99.5-100.1) CSF 99.4 (98.1-100.8) 0.431 15 Equivalent
Ascites 100.3 (100.0-100.5) 0.068 15 Equivalent
Pleural fluid 99.2 (97.9-100.4) 0.241 1.5 Equivalent
Amniotic fluid 100.1 (99.8-100.5) 0.183 15 Equivalent
Synovial fluid 99.3 (98.0-100.6) 0.273 1.5 Equivalent
Glucose 100.5 (100.1-101.0) CSF 101.5 (100.6-102.4) 0.068 55 Equivalent
Ascites 102.8 (102.6-103.1) <0.001* 55 Equivalent
Pleural fluid 101.2 (100.8-101.6) 0.183 55 Equivalent
Amniotic fluid 99.8 (99.6-100.1) 0.157 55 Equivalent
Synovial fluid 100.3 (99.5-101.1) 0.575 55 Equivalent
LDH 101.0 (100.6-101.5) CSF 99.4 (97.4-101.4) 0.023 1.4 Equivalent
Ascites 99.4 (98.4-100.4) 0.005* 1.4 Equivalent
Pleural fluid 99.8 (99.1-100.5) 0.010* 1.4 Equivalent
Amniotic fluid 101.7 (100.6-102.7) 0.241 1.4 Equivalent
Synovial fluid 99.6 (97.8-101.4) 0.029 1.4 Equivalent
Protein 99.6 (99.1-100.1) CSF 109.7 (104.7-114.7) <0.001* 3.63 Nonequivalent
Ascites 100.2 (97.5-103.0) 0.431 3.63 Equivalent
Pleural fluid 101.5 (100.7-102.4) <0.001* 3.63 Equivalent
Amniotic fluid 102.2 (99.8-104.5) 0.001 3.63 Equivalent
Synovial fluid 101.2 (96.4-106.0) 0.135 3.63 Equivalent

H- and |- index indicate the concentration of hemoglobin or bilirubin (mg/dL), and L-index corresponds to the turbidity of Intralipid (Kabi-Pharmacia) solution (mg/dL). Se-
rum samples with high H-index ranged from 135 to 216, I-index ranged from 31 to 36, and L-index ranged from 89 to 153. The "low-index" serum and body fluid samples

had very low, nearly zero interference index.

Acceptable total error criteria are based on the Westgard's desirable biological variation. Given are P-values of the nonparametric Mann-Whitney U test used to compare the
effect of interference material between serum and body fluid diluent; * Items that showed statistically significant difference with the corresponding result in the matrix ef-
fect study in the absence of interference material underwent a comparison with Westgard's biological variation database to determine whether the difference was biologi-

cally significant or not.

Abbreviations: LDH, lactate dehydrogenase; CSF, cerebrospinal fluid; TEa, total allowable error.

matrix effect in body fluid samples compared to that of blood-de-
rived samples. Therefore, matrix interference can be reasonably
excluded, and the test specifications that have been validated for
blood samples can be adopted for the analysis of body fluid sam-
ples, according to the guidance of College of American Patholo-
gists [11]. For the test of linearity, body fluid specimens exhibited
non-linearity within an acceptable range of 5%. Positive interfer-
ence was demonstrated for the measurement of protein in body
fluid specimens, particularly for all kinds of interference material
in CSF and for hemoglobin in amniotic fluid. Therefore, CSF and
amniotic fluid are more vulnerable to interference than serum
specimens are, and therefore, reagents approved for these speci-
mens are recommended, else special attention should be paid

during the interpretation of results if approved reagents are un-

https://doi.org/10.47429/lm0.2021.11.4.254

available. For most of the analyte-body fluid pairs, comparison
test showed statistically equivalent or highly correlative results (R*
>0.95) between the two examined test platforms, that is the Co-
bas 8000 ¢702 analyzer and the Architect 16000 analyzer, except
for the analysis of Cl in ascites. Thus, the results obtained from
these two platforms can be interconverted.

This study has certain limitations, including the mixing ratios
used and the small sample size of body fluid specimens. First, the
CLSI EP06-A guideline [10] recommends that the added solution
should not exceed 10% of the final volume during sample prepa-
ration, and therefore most samples evaluated in the present study
were more appropriate for comparisons with serum, rather than
for the evaluation of matrix effect of body fluid specimens. Addi-

tionally, although the equivalence of matrix effect between serum
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Fig. 2. Percent difference for measurement of each analyte in "high index" samples. (A) 135-216 mg/dL of hemoglobin, (B) 31-36 mg/dL of bilirubin, and (C) turbidity equiva-
lent to 89-153 mg/dL of Intralipid solution were diluted using “low index" serum or body fluid specimens. The median and interquartile range of percent difference is pre-
sented as a box, and the range excludes the outlier, which is represented as a bar.
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Fig. 3. The percent difference between the results obtained from the Roche Cobas 8000 c702 analyzer and the Abbott architect 16000 analyzer
for each analyte-body fluid pair, except for protein in CSF specimens. Percent difference for five analytes, namely (A-E) Amylase, (F-J) chloride, (K-
0) glucose. (Continued to the next page)
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and other body fluids was reported in the present evaluation, the
range of concentrations of analytes was not wide enough to cover
the entire AMR for the serum samples. Therefore, the matrix ef-
fect equivalence was confirmed only for limited range of concen-
trations, which also affects the results of other tests conducted in
this study. The limited number of samples included in this study
was not large enough to secure enough statistical power, except
for the evaluation of matrix effect, which contained 30 values for
each analyte-body fluid pairs. Thus, the results of this study, ex-
cept for that of the matrix effect, can be used only to support, but
not demonstrate, the use of specifications for blood samples in
the analysis of body fluid specimens. It might be worth increasing
the number of specimens in future performance evaluations of
test systems for the analysis of body fluid specimens. In addition

to this limitation of study design, the intrinsic drawbacks of body
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fluid analysis include issues associated with sample collection and
handling, viscosity, lack of reliable reference intervals, and hetero-
geneity of fluid samples in various disease conditions [12]. Further
studies are required to address these drawbacks.

In spite of some limitations, this study has demonstrated that
matrix interference can be reasonably excluded during the analy-
sis of body fluids using commonly used assays, and analyzing
systems and reagents that have been approved for blood speci-
mens can be used for the analysis of body fluids, as well. Al-
though we evaluated a specific analyzer and reagent, we expect
that our findings can be applied to other platforms through ap-
propriate method comparison. Our study is helpful to laboratories
that wish to adopt method specifications for blood samples to

body fluid tests or for studies aimed to validate body fluid tests.
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Table 4. Method comparison between Cobas 8000 c702 and Architect ¢16000

Deming

Body fluid Analyte R? Decision
Slope (95% Cl) Intercept(95%Cl)

CSF Amylase 0.984 (0.958, 1.010) 46(-2.8,12.0) 09972 Equivalent
Chloride 1.018 (0.954, 1.081) -1.43(-8.92, 6.07) 0.9843 Equivalent
Glucose 0.994 (0974, 1.013) -2.1(-53,1.2) 0.9984 Equivalent
LDH 0910 (0.882,0.938) 45(-75,16.4) 0.9960 Transferable
Protein N/A N/A N/A N/A

Ascites Amylase 0.997 (0.992, 1.002) 0.3 (-14,20) 0.9998 Equivalent
Chloride 0.877 (0.774,0.980) 16.55 (5.22, 27.87) 0.9450 Nonequivalent
Glucose 1.005 (0.992, 1.019) -0.1(-19,1.7) 0.9992 Equivalent
LDH 0.896 (0.864, 0.928) 12.1(3.0,21.1) 0.9950 Transferable
Protein 1.059 (1.006, 1.112) -0. 17( 0.41, 0.06) 0.9898 Transferable

Pleural fluid Amylase 0.973 (0.967, 0.980) 1(1.1,3.1) 0.9998 Transferable
Chloride 1.013 (0923, 1.103) -1.22(-11.88,9.44) 0.9681 Equivalent
Glucose 0.960 (0.953, 0.968) -15(-3.1,-0.1) 0.9998 Transferable
LDH 0.909 (0.880, 0.938) 13.1(1.8,24.5) 09958 Transferable
Protein 1.002 (0.926, 1.079) -0.03 (-0.49, 0.43) 09763 Equivalent

Amniotic fluid Amylase 0.968 (0.962, 0.974) 6(0.7,2.6) 0.9998 Transferable
Chloride 0.954 (0.856, 1.053) 5.59 (-6.59, 17.77) 09573 Equivalent
Glucose 0.988 (0.975, 1.001) 0.4(-2.2,3.0) 0.9992 Equivalent
LDH 0.882 (0.863, 0.901) 3.6 (0.4,6.8) 0.9980 Transferable
Protein 0974 (0927, 1.021) 0.12 (-0.10, 0.33) 0.9906 Equivalent

Synovial fluid Amylase 1.382 (1.328, 1.436) -4.1(-11.3,3.1) 0.9938 Transferable
Chloride 0.918 (0.808, 1.027) 5.50 (-2.39, 13.38) 09428 Equivalent
Glucose 1.009 (0.940, 1.077) 5(-62,9.2) 09813 Equivalent
LDH 0.977 (0923, 1.030) -29(-16.0,10.1) 0.9878 Equivalent
Protein 1.098 (1.005, 1.190) 0.05 (-0.32,0.41) 09714 Transferable

Regression equations were calculated assuming the results from Architect ¢16000 as Y method and those from Cobas 8000 ¢702 as X method. A slope of 1 and an intercept
of 0 within their 95% confidence interval were regarded as "equivalent”, and R2 larger than 0.95 was considered to "transferable” even if it did not meet the aforementioned

conditions.
Abbreviations: CSF, cerebrospinal fluid; LDH, lactate dehydrogenase; NJA, not availa
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