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The strict monitoring of examinations and evaluation
of newer methods or instruments is a daily routine
in clinical laboratory. The automated analyzers accu-
mulate an enormous amount of data from patients’
examinations and quality control procedures. This
laboratory data is meaningless if it does not generate
the information that we can extend to the population
of our interest. In an analytical work, the most impor-
tant operation is the comparison of data, to quantify
accuracy and precision and to generate meaningful
explanation for clinician and patients queries. Most
of the information needed in the regular laboratory
work can be obtained with the use of simple conve-
nient statistical tools. This article describes the ba-
sics of laboratory statistics, the knowledge of which
answers about the application of quality control in
laboratory, accuracy and diagnostic power of our ex-
aminations, variability in reports, comparison of dif-
ferent methods and derivation of a biological refer-
ence interval for an analyte.
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INTRODUCTION

In the clinical laboratory, statistics are used to
verify and monitor the performance of analyti-
cal methods and to guide the clinical interpreta-
tion of laboratory data. Laboratory statistics can
be broadly described under following headings

1. Quality control and statistics

2. Diagnostic power of a laboratory test
3. Variability in Reports

4. Method Comparison
5

Reference Interval

QUALITY CONTROL

Quality control is the analysis of control mate-
rials, comparing the results with a predefined

acceptable limit and plotting a result in a chart.
Internal quality control data is best visualized
using a Levey-Jennings control chart where the
dates of analyses are plotted along X-axis and
control values are plotted on Y-axis. The mean
and one, two and three standard deviation (SD)
limits are also marked on the Y-axis. Inspecting
the pattern of plotted points provides a simple
way to detect random error and shifts or trends
in the calibration. Daily repeating the same
control sample should produce a normally dis-
tributed set of data. This means, approximately
66% of values should fall between +/-1SD rang-
es and be evenly distributed on either side of
mean. Similarly, 95% and 99 % of values should
fall within +/-2SD and +/-3SD limits respectively.
(Figure 1) A calculation of mean, standard de-
viation and coefficient of variation (CV) of this

95% = +1.966

95.4% = £2.06

215% 13.6% | 341% | 341% | 13.6% 2.15%
n-36 u-26 u-IG uJIrG n+t26 p+36
68.2%

95.4%

99.7%
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Figure 2 lllustration of systemic and random error and concept of measurement
of uncertainty
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dataset is useful for further calculation and
derivation of other laboratory entities (Figure
2). Mean is the average value of measurements
and SD is the primary measure of dispersion or
variation of the individual result from the mean
value. To derive SD, we calculate the deviation
from the mean for each observation; square
those results, sum them, divide by the number
of observations minus one, and finally take a
square root. CV is the SD expressed as a percent
of the mean. Acceptable CV needs to be defined
for each analyte based on medical significance.

Quality control rules are designed to detect two
types of error, systemic error or bias and random
error or imprecision. Precision is the agreement
with replicate measurements and therefore the
imprecision is caused by increased random er-
ror. Accuracy is the agreement between best
estimate of the mean of results and its true
value, therefore inaccuracy is caused by in-
creased systemic error. These two errors when
combined give a total analytical error (Figure
3). [1] In practice, replicate measurements can
reduce, but not completely eliminate system-
atic and random errors, and therefore total er-
ror cannot be exactly known. [2] It follows that
the true value of a measured quantity cannot
be exactly known either. This assumption is fun-
damental to the measurement of uncertainty
(MU) approach.

MU approach focuses on identifying the disper-
sion of results that might have been obtained
for an analyte if a sample had been measured
repeatedly. To do this, the MU approach uses
available data about repeated measurements
from a given measuring system to define an in-
terval of values within which the true value of
the measured analyte is believed to lie, with a
stated level of confidence. This can be simply es-
timated from the CV calculated from repeated
measurements of internal quality control sam-
ple. (Figure 2 and 3) In the MU concept, a mea-
surement result can comprise two uncertainties

(i) that associated with a bias correction, and (ii)
the uncertainty due to random effects. [3] Both
these uncertainties are expressed as SDs which,
when combined together, provide the com-
bined standard uncertainty for the procedure.
(Figure 2 and 3)

External quality control (EQC) refers to the pro-
cess of controlling the accuracy of an analytical
method by interlaboratory comparisons. Two
of the most important comparison statistics of
an Interlaboratory program are the coefficient
of variation ratio (CVR) and standard deviation
index (SDI), which are consensus-based metrics
of imprecision and bias, respectively.

The CVR allows evaluating imprecision relative
to the consensus group and is expressed math-
ematically by the formula: Lab CV/ Consensus
group CV

If the labs imprecision is equal to the impreci-
sion of consensus group, then CVR will be 1.0.

The SDI or Z-score is a useful parameter for eval-
uating bias relative to the consensus group and
is expressed mathematically by the formula:

(Lab mean-Consensus group mean)/ Consensus
group SD

The target SDI is 0.0, which indicates that the
labs mean is identical to the consensus group
mean. A positive or negative deviation from this
target statistic may indicate a bias compared to
the consensus group mean.

DIAGNOSTIC POWER OF A TEST

Any user of the laboratory report wants to know
the probability of disease given a positive or
negative test result. There is no such ideal test
which can achieve a perfect discrimination for
non-diseased and diseased individuals.

Diagnostic accuracy of a test is measured by
calculating the tests’ sensitivity, specificity, and
predictive values (Figure 4 and 5); these can be
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Calculation of Mean and SD from
Internal quality control data

"
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This analytical imprecision is

a. Combined with different
components of uncertainty
to calculate measurement of
uncertainty (MU)

b. Combined with biological
variation of analyte to
calculate Reference change
value (RCV)

Total analytical error represents overall error in test result
that may occur due to imprecision and inaccuracy

Total analytical error (TAE)= %Bias + (1.65* %CV)

TE should be lower than total allowable error(TEa), that
is obtained from multiple data source such as CLIA or

Sigma metrics for the various analytes can be calculated by

\vf

\v/

Biological variation database.

J

the following equation:
¥.(6)=(TEa-bias)/CV

further utilized to construct a Receiver Operating
Characteristics (ROC) curve.

Limit of Detection (LoD), and Limit of Quan-
titation (LoQ) are terms used to describe the
smallest concentration of a measurand that can
be reliably measured by an analytical proce-
dure. (Figure 5) LoD is the lowest analyte con-
centration at which detection is feasible. LoQ is
the lowest concentration at or above the con-
centration of LoD and this concentration must
be sufficient to produce analytical signals that
meet predefined targets for bias, imprecision

and total error. LoD is important for tests used
to discriminate between the presence and ab-
sence of an analyte (e.g. drugs, troponin-I, hu-
man chorionic gonadotrophin). Likewise LoQ is
important to reliably measure low levels of an-
alyte (e.g. TSH, CRP) for clinical diagnosis and
management.

Sensitivity and specificity are not absolute. They
are affected by the prevalence of disease and
may vary among different populations. Each
laboratory test has its defined sensitivity and
specificity by the manufacturer and it should be
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taken into the clinical consideration for appro-
priate application of the test.

If a test has high sensitivity, it would not miss a

ROC curve, where the sensitivity is plotted as
the function of the 1-Specificity for different cut
off points. (Figure 6) The area under the ROC

curve reflects the diagnostic ability of a test to
differentiate people with and without disease
of interest.

disease, but will also yield false positive results.
If a test has high specificity, it will find patients
who do not have disease but there will be peo-
ple who have disease and will be tested nega-
tive. This is more dangerous if the investigations
are related to infectious diseases. The threshold
for a given test is determined by examining the

Figure 4 Formulas to calculate diagnostic power of a test

True positive
True positive + False negative

For example, if the area under the ROC curve
is 96%, then there is a 96% chance that a ran-
domly selected diseased person would have a
more abnormal result than a randomly selected

Sensitivity

True negative
False positive+ True negative

Specificity

True positive
True positive+ False positive

Positive predictive value =

True negative
True negative+ False negative

Negative Predictive value =

itivit
Positive Likelihood ratio = Sl .l\.”.y
1-Specificity
1-Sensitivit
Negative Likelihood ratio = 5 .SI. I\.”y
Specificity
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Figure 5 The slope of the concentration versus detector response
signifies the sensitivity of the test
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non-diseased person. The ROC curve also al-
lows comparing the curves (diagnostic accura-
cy) generated from two or more tests.

Clinicians are more interested to know the pre-
dictive value of a test. The predictive value de-
notes the overall performance of a diagnostic
laboratory test in terms of its ability to accu-
rately distinguish the presence of a disease state
with a positive test result from the absence of a
disease state with a negative test result. (Figure
4). The negative predictive value can be regard-
ed as a reassurance number - when it is very
high, the patient can be assured that they don’t
have disease.

To calculate the predictive values, the 2x2 table
is constructed. Predictive values are affected
by outcome prevalence. The lower the disease
prevalence, lower will be the positive predictive
value and this will raise the negative predictive
value. Thus, positive predictive value, even for
a good test with a high sensitivity, can be poor
when there are few persons with the disease.
We can also calculate the predictive value using
Bayes’ Theorem which describes the probability
of occurrence of an event related to any condi-
tion. [4]

For a laboratory screening tests, particularly
where the results of the individual tests are
highly variable, a statistical entity known as
Multiple of the Median (MoM) is used to re-
port the results. MoM is helpful to estimate the
risk for pregnancy complication such as Down’s
syndrome, neural tube defect, preeclampsia in
various weeks of gestation.

Example- Alpha feto protein (AFP) testing is
used to screen for a neural tube defect during
the second trimester of pregnancy. Because
AFP concentrations normally increase during
pregnancy, MoM is used to normalize the test
result. The MoM is a measure of how far an in-
dividual test result deviates from the median
value of a large set of AFP results obtained from

unaffected pregnancies. For example, if the
median AFP result at 16 weeks of gestation is
20 ng/mL and a pregnant woman’s AFP result at
that same gestational age is 60 ng/mL, then her
AFP MoM is equal to 60 divided by 20 (60/20)
or 3.0. In other words, her AFP result is 3 times
higher than normal.

Calculation for MoM is done by dividing the
patient result of particular biomarker by the
median result of same biomarker determined
by the laboratory. The Mom cut off for each pa-
rameter varies by laboratory as it depends on
the population characteristics and medical his-
tory as well as the analyzer used for making the
measurements.

METHOD VERIFICATION

All the invitro diagnostic instruments and re-
agents that are available must be documented
and approved by an official agency. In Europe,
the documentation must get a CE mark, and in
the United States, an approval procedure by
FDA is mandated.

Validation of the products is done at the manu-
facturer’s level to show that the device/reagent
is fit for its purpose. This includes measurement
of trueness and precision, linearity, chemical
interferences, carryover, and risk appraisal. [5]
Clinical laboratories usually limit the verifica-
tion process to compare claims regarding true-
ness and precision. The other verification crite-
ria may be regarded as inherent to the method/
instrument however it depends on the accredi-
tation bodies.

To verify the precision, at least 5 observations
during 5 days, in a patients sample or a reference
material, are suggested. [6] When the impreci-
sion is obtained from repeated measurements
of the same sample and unchanged conditions,
it is called the repeatability or within-series vari-
ation. If conditions change between estimating
the imprecision, for example, from one day to
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another or after recalibration of the measure-
ment procedure, the imprecision is character-
ized as between-series imprecision. Using both
these imprecision, the combined or intralabora-
tory imprecision can be obtained. Statistically,
an ANOVA test can also be used to estimate the
within- and between-series variation and pro-
vides a method to estimate the within-labora-
tory variation.

To verify bias, laboratories compare a new mea-
surement procedure with previous ones by
splitting samples into aliquots. At least 20 num-
bers of samples in the entire measuring interval
is chosen and measured by both methods. [6]
Before the statistical evaluation is performed,
the scatter plot and difference plots should be
carefully studied to identify outliers and are
deleted. Statistically, the significance of the dif-
ference between the methods is evaluated by
the Student t test. This data is used for vari-
ous more advanced calculations, for example,
the regression function, that is, the slope and
intercept, and the correlation coefficient. This
is discussed further in the method comparison
section below.

METHOD COMPARISON

It is mandatory to evaluate analytical methods
in the laboratory before their use for patient ex-
aminations. In addition to determining experi-
ments for measuring accuracy and precision, it
is also necessary to compare the new method
to be introduced and other methods in use.

Method comparison involves testing patient
samples during a number of different analytical
runs by both the new and current methods. In
most of the cases, comparison method is the
existing method in one’s own laboratory or a
reference laboratory.

The comparison aims to estimate the constant
and proportional differences between the two
methods. Various statistical approaches can

be used for method comparison procedures.
Pearson’s correlation coefficient is often used
for such comparisons but does not provide ap-
propriate conclusions. The correlation describes
the linear relationship between two data sets,
but not their agreement, and does not reveal
whether there is a constant or proportional dif-
ference between the two data sets.

There are various ways to construct the func-
tion that binds two variables. To evaluate the
equivalences between two methods, a regres-
sion function is used. A straight line can ade-
quately describe the relationship between the
two variables.

For this purpose, at least 40 patient samples
should be analyzed by both methods with at
least 2 reagent lots on each analyzer. [7] The
analytical concentration should span the en-
tire analytical range. The results are plotted
on the Y-axis (dependent) and the reference
method (existing) on the X-axis (independent).
A linear regression line is inserted through the
data points and the slope and Y intercept are
calculated. (Figure 7a) There are a number of
spreadsheets available that can automatically
calculate and plot regression graphs which can
be used by the laboratory. [8, 9] The best fit line
is defined by the equation; Y=mx + b, where m
is the slope and b is the Y intercept. A perfect
correlation will have all points lying on a line at
a 45° angle to the X-axis.

This line will have a Y-intercept of zero and slope
of 1. The correlation coefficient (R?) will be 1.00
and the standard error will be 0.

The common model of this simple linear regres-
sion is easy but often may not be suitable for
our daily evaluations. The linear regression as-
sumes that the variable x is error-free and that
the error of the test method, variable vy, is dis-
tributed normally and is constant throughout
the range of concentrations studied. (Figure 7a)
We rarely meet these assumptions in practice.
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Figure 7 lllustration of various regression and method comparison models

a) OLS Regression b) Deming Regression
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Thus, other statistical methods for comparing
methods have been developed, such as the
Passing-Bablok regression, Deming regression,
Mountain plot, Bland and Altman plot. (Figure
7b-7d)

Deming regression does not assume that the
reference method is free from error and it is the
best approach to use when two methods are
expected to be identical and the data is normal-
ly distributed without outliers. Passing-Bablok
regression is used for nonparametric data and
performs better when outliers are present.
However, Passing-Bablok is computationally in-
tensive and unreliable for small sample sizes.

VARIABILITY IN REPORTS

Serial measurements of laboratory parameter
are often required to monitor patient’s health.
However, repeated laboratory measurements
are seldom identical. The change in laboratory
result may be due to biological variation, analyt-
ical imprecision or a change in patients’ health
condition. The minimum change required to
conclude that two serial measurements are like-
ly different is termed as the reference change
value (RCV). A good clinical laboratory should
have sufficient data to calculate RCV which are
based on the estimates of biological variation
(BV) data and analytical variation (AV) data. The
BV data are mostly taken from the European
Federation of Clinical Chemistry and Laboratory
Medicine (EFLM) BV database, which delivers
real time BV data for numerous analytes. [10]
This database is based on results from systemic
reviews and published studies by the BV data
critical appraisal checklist. [11]

When the pre-analytical conditions are unvary-
ing, the RCV formula becomes:

RCV =V2 x Z x V(CVA? + CVI?)

Where, Z indicates the number of standard de-
viations appropriate to the desired probability,

1.96 for P < 0.05; CVA, analytical imprecision;
and CVI, within subject biological variation. The
CVA of each test is provided by imprecision test-
ing in laboratory.

Acceptable CV or analytical precision needs to
be defined for each analyte based on medical
significance. Generally, the precision should be
equal to or less than one half of the within sub-
ject biological variation.

Therefore, analytes with larger biological varia-
tion do not require as much analytical accu-
racy as analytes with small biological variation.
For example, BV of fasting triglyceride is 20%;
therefore, analytical variation can be as high as
10% without significantly affecting medical de-
cision making.

REFERENCE INTERVAL

When developing reference intervals (RI), clini-
cal laboratories must consider what data sourc-
es and statistical methods to use. Rl for the
same measurements and instruments may dif-
fer between laboratories because of the differ-
ences in:

a. Operating conditions
b. Criteria for selection of healthy subjects
c. Patient populations

d. Geographical areas in relation to tem-
perature, altitude, barometric pressure
and humidity

e. Subject preparation and sample
collection

The Rl is defined as the interval corresponding
to the central 95% of values of a reference pop-
ulation, including the two boundary limits: up-
per reference limit (+ 2SD) and lower reference
limit (-2SD). (Figure 1)

It is recommended that medical laboratories
determine their own RlIs to cover the variabil-
ity of their local populations and their specific
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analytic methods and devices. For the process
of Rl determination, the Clinical Laboratory
Standards Institute (CLSI) recommends “direct”
approach, where well defined reference sub-
jects are selected with pre-defined criteria and
the measurements are done afterwards. Direct
method is hard to apply for every laboratory in
routine practice for it demands much time and
money. The alternative approach is the “indi-
rect” method where test results of patients that
were ordered for screening, diagnosis or follow-
up purposes are derived from laboratory infor-
mation system (LIS) and used to determine the
Rls. This method is faster and cheaper. Besides,
the results obtained by the indirect method take
into account the analytical and biological vari-
ability of the analyzed parameter. Recently, the
International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC) Committee on
Reference Intervals and Decision Limits encour-
ages the use of indirect methods to establish
and verify reference intervals.

Both parametric and non-parametric approach-
es may be taken when analyzing reference range
data. The parametric approach involves calcu-
lating the mean and standard deviation to de-
termine the range of values that fall within the
95% confidence interval. The non parametric
approach involves establishing the values falling
at the 2.5 and 97.5 percentiles of the popula-
tion as the lower and upper reference limits.
Outliers can have substantial effect on the cal-
culation of reference ranges by this method and
should be removed. Mathematically, outliers
are results that differ from the mean by more
than 3SD or differ from other results by more
than 30%.

Consensus Rl for some analytes is determined
by medical experts based on the result of clini-
cal outcome studies. Whenever, the consen-
sus Rl is available, clinical laboratories should
report these values instead of determining
their own RI. Example of consensus groups:

American Diabetes association, American Heart
Association, IFCC etc.

For an FDA approved test method, the clinical
laboratories can adopt the manufacturers stat-
ed RI. However it should be verified in healthy
cohort of samples. Ideally, 40 healthy samples
(20 men and 20 women) should be tested and if
95% of the results fall within the published ref-
erence range, it can be accepted for use.

CONCLUSION

In this article the basic laboratory statistics is
explained in its simplest form. This offers guid-
ance to understand and employ basic statistical
controls and methods required by the clinical
laboratory.

However, the authors suggest to refer other
sources for step-by- step guidance to the qual-
ity control, method development, validation/
verification and comparison of test methods.
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Carbohydrate Antigen 125 (CA125) is the most wide-
ly used biomarker in ovarian cancer screening. In p
atients with heart failure (HF), increased levels of
CA125 have been observed and related to disease
severity. Our objective was to determine the associa-
tion of CA125 levels with two biomarkers of adverse
remodeling in HF patients with reduced ejection frac-
tion (HFrEF).

Methods

CA125 circulating levels were determined with
an electrochemiluminscent immunoassay. Con-
centrations of B-type natriuretic peptide (BNP),
N-terminal proBNP (Nt-proBNP), Galectin-3 and
Fibroblast Growth Factor 23 (FGF23) were also mea-
sured by immunoassays.
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Results

CA125 levels were increased in HFrEF, were as-
sociated to disease severity according NYHA
classes. Median CA125 concentration was also
significantly related to cardiovascular mortality.
CA125 concentrations were positively and sig-
nificantly associated to Galectin-3 and FGF23.

Conclusions

Concentrations of CA125 are increased in pa-
tients with HFrEF, associated to disease severity
and adverse cardiovascular outcomes. CA125
levels are also correlated to Galectin-3 and FGF-
23, two biomarkers related to fibrosis and car-
diovascular remodeling.

00 0% o% o% <%
0.0 0’0 0’0 0.0 0‘0

The burden of heart failure (HF) is recognized
worldwide (1,2). The sub-phenotyping of HF
patients is important to anticipate poten-
tial adverse outcomes and adapt treatment.
Biomarkers play an important role in the diag-
nosis of HF and natriuretic peptides, N-terminal
pro B-type natriuretic peptide (NT-proBNP) and
B-type natriuretic peptide (BNP), remain the
first-choice biomarkers (1). Different classes
of other biomarkers might inform on different
aspects on HF development and provide addi-
tional valuable information about patients’ risk
(2). To this end, several tumor markers such as
Carbohydrate Antigen 125 (CA125), CA 15-3, CA
19-9, carcinoembryonic antigen, alpha-feto pro-
tein and chromogranin, have been explored in
HF (3).

The evidence about the involvement of CA125
in the pathophysiology of HF is accumulating.
CA125, also known as MUC16, is a large glyco-
protein synthesized by mesothelial cells and is
the most widely used biomarker in ovarian can-
cer screening (3). In patients with HF, increased
levels of CA125 have been observed, strongly

associated with right-sided HF parameters, and
related to disease severity as such with diagnos-
tic and prognostic perspectives (3,4).

The hypothesis beyond the elevation of CA125
in HF patients include congestion and inflam-
mation (5). CA125 is non-linearly and positively
associated with intrarenal venous flow (IRVF)
measured by Doppler ultrasound, a poten-
tial surrogate marker of renal congestion (6).
Inflammatory process and remodeling might
also trigger CA125 in HF (4).

Other biomarkers like Galectin-3 (Gal-3) and
Fibroblast growth factor 23 (FGF-23) have been
related to inflammation and adverse remodel-
ing in HF. FGF-23 is produced by osteocytes,
regulates phosphate homeostasis and has also
been evaluated in HF and linked to adverse out-
comes, inflammation, and fibrosis (7).

Our objectives were to assess CA125 levels in a
group of HF patients with reduced ejection frac-
tion (HFrEF) and to evaluate its association with
Gal-3 and FGF-23.

This study is retrospective and blood samples
were collected in 102 HF patients with re-
duced left ventricular ejection fraction. Each
patient gave informed consent, and the proto-
col was approved by the local institutional re-
view board. Demographic information including
medical history (New York Heart Association
[NYHA] class), clinical signs and standard labo-
ratory data were recorded. All HF patients re-
ceived optimal therapy and none of the female
patients had ovarian cancer. CA125 concentra-
tions were determined with a two-sites elec-
trochemiluminescent automated assay onthe
Cobas® 8000 platform (Roche Diagnostics,
Mannheim, Germany). The upper limit of the
reference interval (URL) for the CA125 assay is
35 U/mL. N-terminal proBNP (NT-proBNP) was
measured with automated electrochemilumi-
nescent immunoassay also on the Cobas® 8000
platform. Gal-3 and FGF-23 concentrations
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were determined with enzyme-linked immuno-
sorbent assays as previously described (8).

Biomarkers were modelled as continuous vari-
ables. The non-parametric Spearman rank corre-
lation coefficients were used to assess the rela-
tionships between biomarkers, age, EF and GFR.
Multiple regression analysis was performed to
test the independent associations between age,
gender and the different biomarkers. Statistical
analysis was performed using Medcalc software
version 20.111 (Medcalc Software Ltd).

Patients’ characteristics were as followed: mean
age: 69 £ 13 years; males n=89; females n=23;
NYHA II-1V; etiology: ischemic n=86, dilated car-
diomyopathy n=26; mean left ventricular ejec-
tion fraction (EF): 23 + 6%). The median circulat-
ing levels of NT-proBNP and BNP were 3356 ng/
mL [76-33020] and 532 ng/L [range: 21-5017]
respectively. Median circulating levels of Gal-
3 and FGF23 were 17 ng/mL [range: 8-50] and
102 RU/mL [20-15000], respectively.

The mean CA125 in HF patients was 135 U/mL
[range: 5-2587]. CA125 concentrations above
the URL were observed in 57 % of the HFrEF pa-
tients. CA125 concentrations were significantly
related to NYHA classes (p<0.001, Figure 1A)
and geometric means were 23 U/mL in NYHA
class Il (n=45), 77 U/mL (n=44) in NYHA class Il
and 246 U/mL in NYHA class IV (n=12). CA125
significantly and negatively correlated to left
ventricular ejection fraction (r=-0.27, p<0.001)
and higher CA125 concentrations were related
to the lowest survival rate (Figure 1B).

CA125 concentrations were positively and sig-
nificantly associated to Galectin-3 (r=0.31,
p<0.001) and FGF23 (r=0.38, p<0.001) (Figure
2A and Figure 2B). CA125 was also significantly
related to natriuretic peptides. With multiple re-
gression analysis the independent determinant
of CA125 levels were age, BNP and Galectin-3.

Our study showed, as already evident from
literature, a raise of CA125 concentrations in

HFrEF patients and association of CA125 with
disease severity and prognosis. Interestingly,
our study unrevealed significant and positive
relationships between CA125 levels and two
biomarkers of cardiovascular remodeling Gal-3
and FGF23.

The available evidence of the role of CA125 in
the pathophysiology of HF is increasing with re-
lated perspectives to forward the diagnosis of
HF (4). This was observed in our study with a
significant proportion of HFrEF patients having
significant increase of CA125. Two hypotheses
are formulated in literature to explain such el-
evation of CA125 in HF, congestion, and inflam-
mation. Data show that CA125 can predict the
presence of a congestive intrarenal venous flow
in patients with acute HF (6). The involvement
of CA125 in the inflammatory process and re-
modeling in HF is also documented in the litera-
ture. Experimental data have also suggested a
potential molecular interaction between CA125
and Gal-3; however, the biological and clinical
relevance of this interaction is still uncertain (9).
We reinforce this hypothesis through the signif-
icant relationships that we found in our study
between CA125 and both Gal-3 and FGF-23.
The participation of CA125 to such remodeling
pathways can confirm interactions representing
therapeutical targets. This is already a perspec-
tive for high-grade serous ovarian cancers and
other MUC16/CA-125-expressing malignancies
where targeting Gal-3 with a high-affinity anti-
body has been proposed (10).

CA125 testing offers several advantages in HF,
which are presented in figure 3. Nevertheless,
if the analytical and clinical value can be esti-
mated as high, as different assays for CA125 are
available but not standardized, it is important
to mention that the decision limits need to be
adapted to each method.

Our study is preliminary and has several limi-
tations. A first one is a clear limited number of
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Figure 1 Association of CA125 circulating levels and New York Heart Association
(NYHA) classes (A) and survival of HF patients (B)
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Figure 2 Relationships between Galectin-3 and CA125 concentrations (A)
and FGF-23 and CA125 concentrations (B) in HFrEF patients
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Figure 3

The potential value of CA125 testing in HF according to analytical,

clinical, operational, and economic criteria

- Broadly available worlwide on automated clinical laboratories platforms

Anticipation of cost-effectiveness for the management of HF patients according

Analytical value

- Precise, accurate and validated assays

Clinical value

- Companion biomarkers for the diagnosis
Component of risk estimation engines
Companion test for treatment selection

Operational valua
Short turn around time of analysis

Possibility to be combine with cardiac biomarkers on same analyzers
Integration on the same sample tube that cardiac biomarkers

Economical value
Reagents for testing are not expensive

to the ather values matching

patients, even if the cohort was homogenous.
Our observations will have to be confirmed on
larger cohorts of patients. A second, is the lack
of data from imaging to correlate fibrosis and
remodeling to blood biomarkers.

In conclusion, our study showed increased
CA125 concentrations in patients with HFrEF
and a relation with disease severity. CA125 is
also significantly and positively correlated to
Galectin-3 and FGF-23, two biomarkers related
to fibrosis and cardiovascular remodeling.
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The method we respond to pandemics is still inade-
guate for dealing with the point of care testing (POCT)
requirements of the next large epidemic. The pro-
posed framework highlights the importance of having
defined policies and procedures in place for non-inte-
grated POCT to protect patient safety. In the absence
of a pathology laboratory, this paradigm may help in
the supply of diagnostic services to low-resource cen-
ters. A review of the literature was used to construct
this POCT framework for non-integrated and/or un-
connected devices. It also sought professional advice
from the Chemical Pathology faculty, quality assurance
laboratory experts and international POCT experts
from the International Federation of Clinical Chemistry
and Laboratory Medicine (IFCC). Our concept presents
a comprehensive integrated and networked approach
to POCT with direct and indirect clinical laboratory
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supervision, particularly for outpatient and inpa-
tient care in low-resource health care settings.

BACKGROUND

Point-of-care testing (POCT), also referred to as
bedside testing or near patient testing (NPT), is
a field of laboratory medicine that is developing
rapidly in terms of analytical quality and clinical
reach (1). The POCT solutions provide the clini-
cian with a fast turnaround time of diagnostic
results thereby enhancing patient care (2) (3).
The technological developments with POCT,
such as instrument miniaturization, ease of use
and improved accuracy, have not been com-
plemented by a coordinated approach to data
management, connectivity and device software
interoperability (4). Non-integrated POCT can
be defined as a category of POCT that are con-
ducted outside of a traditional laboratory setup
but are not integrated into a unified device,
system, or LIS. These tests typically rely on test
reagent strips/kits and involve the interpreta-
tion of visual cues by a healthcare professional.
Many clinically useful commercially available
POCT devices are non-integrated or have lim-
ited interface with the Laboratory Information
System (LIS). Some examples of non-integrated
POCT include rapid influenza tests, rapid HIV
tests, pregnancy tests, rapid malaria tests and
SARS-CoV-2 antigen test. An integrated point-
of-care test (POCT) device with connectivity is
a medical diagnostic tool that can transmit the
test results to a centralized database, LIS, or a
healthcare provider’s electronic medical record
system through wireless or wired connectivity.
This allows for real-time monitoring of patients,
timely interventions, and remote consultations
with healthcare providers.

Knowledge in good laboratory practices by POCT
end-users, including physicians and allied health
professionals working in patient care areas using
these devices is limited (5). Furthermore, these
end-users must demonstrate a commitment to

quality assurance (QA) and quality control (QC)
since this is essential for POCT reliability (6) (7).
Despite the relative ease of POCT, regulatory
bodies such as Joint Commission International
(JCI) and the College of American Pathologists
(CAP) recommend oversight by the central clini-
cal laboratory for all hospital based POCT (8)
(9). The current POCT program for integrated
POCT instruments at our institution has strict
oversight by the clinical laboratory for both QA
and QC (10)(4). Testing performed using POCT
devices that lack connectivity to a middleware
system or LIS raises concerns regarding reli-
ability. This is because there is no information
captured regarding QC performance, the per-
son who performed the testing, transmission of
POCT results to the LIS. (11). Furthermore, it is
probable that this kind of testing is carried out
without standardization of training or supervi-
sion by qualified laboratory personnel, which
is risky. Subsequently, POCT has not been ap-
propriately utilized in these settings employing
non-integrated devices. In order to cater for this
crisis, we propose the current framework, con-
sidering all regulatory requirements as a prac-
tical guide to initiate non-integrated POCT at
in-patient and out-patient health care settings.
The framework is developed bearing in mind
the challenge of POCT-related QA practices and
regulatory compliances (12).

In the authors’ experience, laboratory QA/QC
instruction for non-integrated POCT devices in
Chemical Pathology curricula in the national
residency programs in Pakistan or most other
countries is scant. This creates problems in edu-
cating future chemical pathologists on how to
establish, evaluate and maintain the quality of
in-clinic or inpatient POCT testing using such
instruments. Furthermore, the clinical labo-
ratory receives frequent requests for initiat-
ing POCT by devices which are not integrated.
Acknowledging this void, this framework is out-
lined given the numerous POCT tests that can
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be performed on non-integrated POCT instru-
ments i.e., standalone devices with no IT con-
nectivity and result transmission. This POCT
framework for non-integrated and/or uncon-
nected devices was created through a review
of the literature using popular search engines
such as PubMed, Cochrane, Embase, and Web
of Science. It also sought expert consensus from
the Chemical Pathology faculty, the CAP director
of Aga Khan University (AKU), Karachi Pakistan,
the POCT coordinators, the QA team at AKU and
international POCT experts from International
Federation of Clinical Chemistry and Laboratory
Medicine (IFCC). Our model proposes an exten-
sive approach to POCT that has direct and in-
direct supervision by the clinical laboratory es-
pecially for outpatient and inpatient care in low
resource health care settings.

SCOPE

This framework predominantly applies to hand-
held POCT non-integrated devices measuring
single or multiple analytes in hospital and out-
patient NPT settings. This model may also be
used in fieldwork, research settings, in rural or
low resource settings. Along with “direct” bed-
side testing it can be established in a “satellite
laboratory” located close to an emergency unit
or units for acute care. After several debates
and consultations amongst authors the frame-
work was drafted, the prospective framework
was distributed amongst the authors for com-
ment. Revisions were made to address each
comment, and the final guidance document
was approved prior to publication. As additional
scientific studies become available and POCT in-
struments and analytical performance capabil-
ity evolve, this framework may change; revision
is anticipated approximately every two years.
This framework is not intended to be all-inclu-
sive; rather, it provides a minimum standard for
maintenance of these non-integrated POCT in-
struments in the clinical setting.

NON-INTEGRATED POCT MANAGEMENT
AND RESPONSIBILITIES

Hospitals with a competent POCT coordination
should provide organizational and administra-
tive structures for POCT test/device selection,
method validation, data management, quality
control, continuous trainings, and competency
assessments (13). Like all other POCT program
the non-integrated POCT devices must be linked
to the existing or new POCT program of the hos-
pital or academic medical centre.

Although the end users of POCT may be familiar
with its routine administration and delivery of
results, the clinical laboratory director or, ide-
ally, a chemical pathologist with training in this
area, must bear overall responsibility for the
programme. All non-integrated POCT should
be managed by central laboratory’s POCT team
managed by a POCT coordinator, an experi-
enced medical technologist or scientist from
a clinical laboratory (7). The POCT coordinator
should provide leadership to all POCT users and
POCT sites in the following four domains: POCT
test introduction, quality assurance, education,
and administration. The minimal objectives of
providing oversight should be as follows:

e To provide high quality (accurate and pre-
cise) of all non-integrated POCT devices

e To assess the need of non-integrated POCT
devices before introduction into clinical
practice

¢ To ensure that non-integrated POCT devices
are cost-effective

e To train and assess the competency of POCT
users

¢ To provide written policies and standard op-
erating procedures for POCT devices being
used at those ancillary sites

e To provide faster turnaround times with
minimal inconvenience to the patient
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e To outline the billing system on POCT sites

¢ To ensure all logs are maintained even if in-
terface with LIS is missing (quality control
logs, temperature logs, maintenance logs)

¢ To ensure compliance with policies and pro-
cedures by conducting audits. For non-inte-
grated POCT more frequent audits and visits
to POCT sites are recommended

For a new non-integrated POCT device to be in-
duced in a clinical setting and practice the test
must be reviewed and approved by the POCT
interdisciplinary committee (14). This commit-
tee would be led by the laboratory director and
chemical pathologist (trained POCT expert) and
should have members from various sections and
departments such as microbiology, haematolo-
gy, molecular pathology, blood bank and trans-
fusion services. Requests and demands for new
non-integrated POCT must be made through
this committee. Attention must be paid to need
assessment and whether the non-integrated
POCT meets quality standards (15). The com-
mittee must ensure that it meets the safety and
security requirements in relation to protecting
data, patient confidentiality and risk manage-
ment. Once the non-integrated POCT is in place
and the responsibility of ongoing problems and
compliance issues can be handled by the POCT
end user committee (led by the POCT coordina-
tor with pathologists or subject experts, POCT
site supervisors, nursing managers, IT, and bio-
medical experts as members). Nurse directors
or nursing managers qualify as POCT site super-
visors. POCT site supervisors need to be vigilant
for non-integrated POCT (16). They must be
made responsible to establish and maintain a
system where audits are performed to ensure
qguality control is being performed and docu-
mented and corrective action is being done for
outlier results, according to written policies. In
the event of a lack of IT connectivity, it is also
necessary to manually update employee listings

and training and competency records into a
spreadsheet (17). Request for training and for
competency assessment can be made to the
POCT coordinator through these POCT site
supervisors. POCT site supervisors should be
made responsible for POCT in-house inventory
and for administration of the daily operation of
POCT at their respective site. Furthermore, au-
dits should be performed to determine if criti-
cal results are being documented into patient
charts and handled appropriately.

SELECTION AND EVALUATION
OF NON-INTEGRATED POCT

Before bringing any non-integrated POCT into
the POCT Program a clinical needs assessment
should be conducted. A standard approach
must be carried out for every new request of
non-integrated POCT by answering some basic
questions:

e What is the diagnostic caveat that clinicians
are anticipating solving by using this non-
integrated POCT?

e |s this non-integrated POCT cost-effective?

e Based on clinical requirements, what is the
unacceptable turnaround time for each
non-integrated POCT under evaluation?

e What are the potential risks to the patients
because of non-integration with LIMS?

e How will the clinical laboratory control
these risks?

Waived tests are excluded from method evalu-
ation under Clinical Laboratory Improvement
Amendment of 1988 (CLIA), although it is ac-
ceptable laboratory practice to confirm the
manufacturer’s declared performance stan-
dards. However, CAP does not entirely adhere
to the CLIA way of categorizing tests and instead
uses the POCT checklist to ensure compliance
with CAP requirements. The CAP defines POCT
as waived and nonwaived tests that are only
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performed close to the location where the pa-
tients are. In comparison to moderately com-
plex tests, waived tests have distinct require-
ments for quality control, reagents, competency
assessment, and calibration. Both waived and
moderately complicated tests must meet the
same standards for proficiency testing, quality
management, procedure manuals, specimen
handling, results reporting, POCT instruments,
personnel training and certifications, and safety
(18).

The protocol for non-integrated POCT method
validation according to CAP and CLIA’88 stan-
dards must include accuracy, precision, verifica-
tion of cut-offs, reportable range and analytical
measuring range, POCT inter-instrument com-
parison and comparison with bench top ana-
lyzers placed in the central laboratory(19) (20)
(21). Reagent shipments and lot numbers must
be validated (22). To determine the appropriate
use of non-integrated POCT, an evaluation of
each test is necessary to establish the unaccept-
able turnaround time based on clinical require-
ments. POCT tests, such as beta hCG and SARS-
CoV-2 antigen test are recommended to have a
turnaround time of no more than 20 minutes
in emergency situations. This allows health-
care professionals to make timely and informed
medical decisions.

Management of consumables and reagents
should be procured in a cost-effective manner
for each POCT site. POCT costing must include
the fixed capital cost (instrument, proficiency
survey cost, service contract for vendor, ancil-
lary infrastructure, etc.) and variable cost (re-
agent consumption, internal controls, consum-
ables, cartridges) (10) (23).

POCT POLICIES AND PROCEDURES
FOR NON-INTEGRATED POCT

As per CLSI guidelines, a quality management
system (QMS) approach must be followed for

the development of standards and policies for
non-integrated POCT. The laboratory director
or designee should take responsibility for QC,
QA, and test utilization of non-integrated POCT.
Every POCT site that performs non-integrated
POCT must have written policies and proce-
dures available at the testing sites. The POCT
training curriculum should be outlined for every
non-integrated POCT by the pathologists or the
subject experts and shared with POCT interdis-
ciplinary committee for approval and feedback.
Every non-integrated POCT at the institute, as
well as its adherence to legal requirements,
must be handled by the central laboratory. The
central laboratory is responsible for ensuring
that the necessary training, quality control (QC),
proficiency testing (PT), and validation process-
es are carried out, confirmed, and documented
initially and then on a regular basis.(24).

It should be ensured that the purpose of POCT,
i.e. prompt results for prompt patient manage-
ment, must not be lost and the processes should
be simple and easy to follow (25). As noted by
Harvey, the mean turnaround time expected
by clinicians managing patient in in critical care
areas ranges from 5-15 minutes(26). Hence the
policies and processes need to be carefully de-
signed keeping this challenge of turnaround
time in mind.

NON-INTEGRATED POCT DATA CAPTURE

Healthcare regulatory bodies and accredita-
tion agencies, such as the CLIA’88, the JCI, CAP,
emphasize the importance of monitoring POCT
operator competency and instrument quality as
these will lead to reliability of results (20) (27)
(28). These regulations stress the need for labo-
ratory oversight and review of POCT QC and pa-
tient data. The labour and resources that must
be devoted to the POCT locations in order to
achieve regulatory compliance with quality as-
surance, including record keeping, archiving,
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billing, and data entry into the electronic medi-
cal record or LIMS, will increase with manual,
non-integrated POCT devices (29).

The advantages of POCT are multiplied when
patient and QC results are directly downloaded
into a LIMS with minimal human intervention
(30) (31). For accreditation and patient safety,
trail (manual or electronic) must link each pa-
tient result to the POCT user, user’s training and
competency records, the reagents or cartridges
utilized and its validation, and the device valida-
tion and maintenance even if manual entries or
manual logs must be kept (32). Where possible
connectivity of POCT device to POCT data man-
agement system and to the LIMS need to be es-
tablished. Before bringing non-integrated POCT
into practice evaluation of data security, pro-
cesses, risk assessment must be carried out and
reviewed by the IT support and POCT teams.

STAFF TRAINING
AND COMPETENCY ASSESSMENT

For all non-integrated POCT, a thorough POCT
training plan and curriculum will have to be
developed in line with the CLIA’88 and CAP
standards by the subject experts (for exam-
ple by chemical pathologists for Beta- Human
Chorionic Gonadotropin testing). “Evaluating
the competency of all testing professionals and
ensuring that staff maintains their competency
to perform test procedures and report test find-
ings promptly, accurately, and competently”
are two CLIA’88 requirements for competency
evaluation (33). The purpose of the curriculum
would be to identify and control potential seri-
ous medical errors attributable to non-integrat-
ed POCT. Training curriculum must include all
phases of the testing process and consist of (not
limited to) the following:

e Direct observation of routine patient test
performance

e Testing previously analyzed specimens, in-
ternal or external QC samples

e Recording and reporting of patient test
results

e Recording and reporting of QC results

e Interpretation of patient test results, QC
results

e Demonstration of POCT device maintenance
e Assessment of problem-solving skills

Training and certification of all POCT users on
non-integrated devices with no interface with
LIMS must be done separately from integrated
POCT. The record of training and certification
must be available from the POCT coordinator
and site supervisors. If possible barcoded identi-
fication must be provided to the certified POCT
users in the institute. Competency assessment
should be performed annually for waived tests
or for non-waived tests, after 6 months from
the first test on hire and then annually thereaf-
ter. Records of competency must be maintained
via the online connectivity server or in the form
of manual logs.

INDIVIDUALIZED QUALITY
CONTROL PLAN (1QCP)

The analytical goals for non-integrated POCT are
equivalent to those used for the central labora-
tory. In order to ensure that the use of non-in-
tegrated POCT does not compromise standard
of patient care and clinical decision-making,
Individualized Quality Control Plan (IQCP) ought
to be outlined and followed (34). The proposed
IQCP aims to provide clinical laboratories with
the framework to implement it when appropri-
ate and offer flexibility to design a QC plan that
meets the needs of the laboratory. A process to
identify and mitigate errors will be required by
each POCT site using the non-integrated POCT
devices. The overall intent of IQCP at POCT sites
for non-integrated POCT is to help ensure that
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clinical laboratories and hospitals remain in
compliance with regulations (35). The proposed
IQCP covers includes risk assessment, quality
control plans and quality assessment monitor-
ing. It demonstrates how laboratories providing
oversight to non-integrated POCT can perform
a risk assessment to evaluate and record their
current quality activities using the IQCP guide,
create a quality control plan (QCP) from the risk
assessment information, and establish a QA for
the test system being evaluated for an IQCP.

IQCP-RISK ASSESSMENT STRATEGY

A risk assessment strategy is required for non-
integrated POCT devices with no interface with
LIS (36). The process of identifying and evalu-
ating the potential failures and errors has been
laid down that could occur during all the phases
of POCT testing in Tables 1-3 (37). Risk is, by
definition, the product of two factors: the like-
lihood that harm may occur and its seriousness

(38). The goal of the risk assessment is to ex-
amine every step of the non-integrated POCT
process, from preanalytical to analytic to post
analytic, and identify any potential points of er-
ror that could endanger the patient if they are
not caught. It includes evaluation of the five
components of POCT testing: specimen, test
system, reagents/cartridges, POCT site environ-
ment and POCT users or testing personnel. The
table 1 describes the risk assessment including
some common sources of errors and solutions
encountered in non-integrated POCT program
before the actual analysis.

Specimen preparation, reagent handling and
test analysis (Table 2) present its own set of
risks and problems, which must be identified
and mitigated in order to assure the overall
safety and reliability of the POCT process. By
implementing approaches to reduce the risk of
errors and inconsistencies in analysis, POCT can
help enhance patient outcomes.

Risk Assessment Components

Possible sources of error

Risk Mitigation: Manage/Prevent
Errors from Occurring

process

identification

Patient or specimen identification | Wrongly identified throughout the testing e  Train POCT users to follow dual

A functioning barcode reader is not available in
the test system to ensure positive patient

Erroneous patient/specimen information entry

identification criteria and ensure
correct patient, correct side and
correct POCT

e  Outline criteria for specimen
rejection

e  Provision of barcoded samples.
System should be in place with
barcodes to create entry of patient

information and test request on
LIMS

Specimen collection

Insufficient specimen volume

e POCT system will not perform the
test if the specimen volume does
not meet the minimum volume
requirement

Wrong labelling

Incorrect vacutainer or POCT cartridge e  Train POCT users to the correct

Criteria for specimen rejection is missing

selection of vacutainer or POCT
cartridge

e Ensure specimen rejection criteria
is present in policy and processes
and is taught and assess to POCT
users
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Table 2 Risk assessment plan for non-integrated POCT in analytical testing phase

Risk Assessment Components

Possible sources of error

Risk Mitigation: Manage/Prevent Errors from Occurring

Testing Personnels’ Training and
Competency

Not tramed POCT user
Not competent POCT user
Improper training or expired competency records

accurately followed

Proper POCT technique/ system maintenance /QC not being

e  Central laboratory to provide proper initial training and
competency

o Competency assessment frequency to be decided based on

risk assessment

Compliance monitoring

Follow established policies and procedures

Testing personnel training and competency records

Traceability of POCT users

Test system- Calibration

Calibration omitted
Calibration out and patient results reported

trained personnel use the test system

There is no mechanism, such as an operator lockout, to ensure only

Ensure POCT users follow standard operating procedures
through trainings, competency assessiment, audits

Test process flow charts

e POCT user manual/ electronically shared QC and
calibration records with POCT coordinator

Test system- Maintenance

Maintenance procedures not consistent with manufacturer’s

o Train POCT users for POCT device maintenance

Unable to interpret QC
Unable to trouble shootif QC is out

instructions
Test system- Reagent Expired reagents e Train POCT users to check reagent expiry prior to use
Wrong lot of reagents e Manufacturer’s instructions to be followed for reagents
storage
Test system- QC Expired QC ¢ Prevent QC degradation during storage and use
Wrong lot of QC o Training of POCT users on interpreting QC before release

of patient results
¢ Mantain QC logs (manual if electronic not possible)
Assure POCT user review each QC before patient result
release — through trainings
Training of POCT users on troubleshooting

Environment-room Temperature

Room temperature not appropriate

Daily room temperature logs
POCT coordinator to sign off logs periodically

Environment- Storage conditions

Sample / reagents/ cartridge/ strips storage conditions not
appropriate

Daily refrigerator temperature logs where POCT items are
stored.
¢ POCT coordinator to sign off logs periodically

Table 3

Risk assessment plan for non-integrated POCT in analytical testing phase

Risk Assessment Components Possible sources of error Risk Mitigation: Manage/Prevent Errors from Occurring
Test Results reporting and archiving | Incorrect result reading o Traning and competency of POCT users for result reporting and entry
Incorrect result entry into LIS to be ensured by the central lab
Delay in signing out ¢ Frequency of competency assessment may be increased
Data security o Even if mstrument interface with LIS is missing provision of manual
Data storage loss entry of results should be given to POCT users
Patient report lost to retrieval o Manual records of all tests be entered in log sheets and signed off by
No correlation between initially generated/finally central laboratory on periodically
recorded result e Provision of LIMS data entry should be limited to the POCT on which
the POCT user is certified
¢ Missing data audits to be conducted periodically
o Periodic scanning/ digitalization of manual patient results’ logs
Reference range or cutoff Incorrect Reference range or cutoff ¢ Reference range or cutoff must be verified by the central lab
Incorrect units o Reference range/ cutoff must be built in LIS
¢ Units on reports must be checked by the clinical lab, built in LIS
Interpretation Incorrect interpretation ¢ POCT report includes interpretation verified by the central laboratory
and built-in LIS
¢ Distinction that the test was not done in central lab on patient report
False positive and false negative results o The report includes a disclaimer regarding the false negatives and false
positive causes to aid clinical interpretation
Critical results not informed ¢ Ensure POCT users read/ follow critical results policy
o Critical results policy should be readily available at POCT sites
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The significance of the post-analytical phase in
POCT stems from its ability to influence clini-
cal decision-making and patient outcomes. The
accuracy and reliability of the test results are
checked during this phase, and the results are
interpreted in the context of the patient’s clini-
cal history and current state. Incorrect or insuf-
ficient interpretation of test data might result
in erroneous treatment decisions or therapy
delays, both of which can have a detrimental
impact on patient outcomes. Table 3 shows the
risk assessment plan for non-integrated POCT
during post-analytical testing phase.

Once an IQCP is developed and is acceptable
with no risk to the patients then the non-inte-
grated POCT should be introduced in clinical ar-
eas. Regular IQCP audits and risk management
must follow starting with specimen and patient
identification, specimen collection, specimen
container, transport, etc., and moving through
the other components, the lab would identify
and list potential places where mistakes could
occur, evaluating each one for risk of error. A
historical analysis is necessary for the risk man-
agement. Risk management for non-integrated
POCT can be a proactive project to identify po-
tential flaws in new, altered, or complex pro-
cesses, a reactive project to respond to an in-
cidence or finding, or a continuous assessment
based on daily events and observation. Non-
integrated POCTs can involve several complex
processes that require specialized knowledge,
expertise, and training to ensure accurate and
reliable results. Some of such complex process-
es are as follows:

e Some non-integrated POCTs require special-
ized knowledge to interpret results accu-
rately, particularly rapid tests for infectious
diseases like influenza or COVID-19, which
require experience in detecting subtle
changes in color or signal intensity to deter-
mine positive or negative results.

e For non-integrated POCT devices, such man-
ual QC procedures may add extra work as
they may involve manual checks of equip-
ment performance, tracking reagent quality,
and regular checks to maintain consistency
and reliability of test results.

e POCTs generate significant amounts of data
that require management and tracking. This
data includes patient identification, test re-
sults, quality control data, and instrument
maintenance logs. Manual data manage-
ment is essential in non-integrated POCT

e Complying with these regulations can be
more complicated and may require special-
ized knowledge and expertise, particularly
for non-integrated POCT devices.

The manufacturers’ package inserts, pertinent
policies and procedures, QC, corrected reports,
physician complaints, employee training and
competency records, PT results, and tempera-
ture records are the documents that must be
reviewed periodically. Table 4 is an illustration
of a practical checklist that can be used, particu-
larly when writing the IQCP for non-integrated
POCT. The review of historical non-integrated
POCT data will then determine the frequency of
occurrence of errors and the impact of harm to
a patient.

Table 5 shows a template of the ‘Risk Matrix’ for
the non-integrated POCT that can be followed.
This will determine if the non-integrated POCT
can be continued or should be removed from
the POCT Program.

IQCP-QUALITY CONTROL PLAN

A QCP should be outlined by the central labo-
ratory for each non-integrated POCT device
describing the practices and procedures to re-
duce the chance of possible failures and errors
in the test processes. The QCP must ensure
that the accuracy and reliability of test results
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Table 4 Checklist for IQCP risk assessment for non-integrated POCT

Review Available Not Available Not Applicable
Need of non-integrated POCT justified
Process Map

Manufacturer QC requirements

Manufacturer or package inserts

Manufacturer alerts

QC Certificates

Calibration

Method Validation/ Verification
Policies and Processes
Historical QC data

Proficiency survey results and corrective action documentation

POCT testing personnel Training and competency records

Instrument maintenance logs
Temperature charts

Specimen rejection logs

Physician/client complaints

Table 5 Risk matrix example to assess severity of harm from non-integrated POCT
Risk Category Occurrence of Errors Severity scale for probability of harm
Negligible Minor Serious Critical Catastrophic

Expired Reagents use | Frequent

(Once per week)
Probable

(Once per month)
Occasional

(Once per year)
Remote

(Once every few years)
Improbable

(Once in the life of the measuring system)

Key:
Unshaded is Acceptable, shaded is Unacceptable.
Severity scale for probability of harm:

Negligible: Could result in inconvenience or temporary discomfort

Minor: Could result in temporary injury or impairment not requiring professional medical intervention
Serious: Could result in injury or impairment requiring professional medical mtervention

Critical: Could result in permanent impairment or life-threatening njury

Catastrophic: Could result in patient death
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from non-integrated POCT, are appropriate for
patient care. The QCP for each non-integrated
POCT may at least include, electronic controls,
internal QC, external QC or PT, calibration,
maintenance and training and competency as-
sessment (6). The main QC requirements must
be addressed which include the following:

e Procedure established for internal QC (39)
¢ Internal QC material procurement

e Correction of nonconformities and availabil-
ity of trouble shooting guide

e PT processes and policies

e Periodic comparison of results from non-in-
tegrated POCT device and the gold standard
or working instrument for same analyte
placed in central laboratory.

e Comparison of results and performance
across different POCT sites

e Sub-optimal performance in internal QC
and/ or PT to be brought to the immediate
attention of the POCT committees

For analytes for which PT surveys are not avail-
able or are not accessible, an in-house scheme
can be established using split patient samples
(40). In split patient each specimen can be split
and analyzed in the same manner with the non-
integrated POCT method and then with the cen-
tral laboratory method or another POCT site or
by another POCT user. If findings agree within the
analyte’s allowed performance range, bias be-
tween results can be determined and reviewed
for acceptance. Criteria for acceptance can be
obtained from literature or published guidelines
or using + 2 or 3 standard deviations from the
mean from QC data for quantitative assays (41).

IQCP-QUALITY ASSURANCE

For continuous monitoring of the QCP effective-
ness for non-integrated POCT a QA plan should be
in place (42). Practices, processes, and resources

to consider for monitoring effectiveness of a QCP
must include clinical audits and review of the
following:

¢ Policies and standard operating procedures
e Logsoftrainingand competence assessment
e Logs of internal QC reviews

e PT performance reviews

e Turnaround time reports

e Logs of critical results informed

e Complaint reports

e Logs of maintenance

e Logs of breakdowns

All POCT programs need to be observed and
evaluated periodically to assure that the pro-
gram is meeting the needs of patients, testing
personnel and hospital. All POCT sites must be
periodically audited and assessed for compli-
ance of policy, procedure, and protocols, along
with POCT users’ knowledge, skills, and prac-
tices (43).

CONCLUSIONS

In low resource healthcare settings, our approach
to non-integrated POCT involves both direct and
indirect supervision by the clinical laboratory.
This comprehensive model ensures effective
POCT management. Major recommendations
included in the current proposed framework are
taking a formalized approach to POCT within the
facility, use of written policies, standard operat-
ing procedures, forms, and logs, POCT end user
training, including periodic competency assess-
ments, POCT devices performance evaluation
and use of both statistical QC and PT programs,
use of properly established or validated refer-
ence intervals or cutoffs and ensuring accurate
patient results reporting. This paradigm may aid
with the delivery of diagnostic services to low
resource centers in the absence of a pathology

Page 120
eJIFCC2023Vol34No2ppl10-122



L. Jafri, S. Ahmed, H. Majid, F. Ghani, T. Pillay, A. H. Khan, . Siddiqui, S. Shakeel, S. Ahmed, S. Azeem, A. Khan
Implementing best laboratory practices for non-integrated point of care tests in low resource settings

laboratory and may satisfy the demands of POCT
specialists, particularly in developing nations.
The suggested framework emphasizes how cru-
cial it is for non-integrated POCT to have clear
policies and procedures in place to guard or
gatekeep patient safety.
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Background

This article presents a critical literature review and
meta-analysis of diagnostic performance of Quidel
Sofia SARS antigen Fluorescent Immunoassay (FIA),
a rapid diagnostic antigen test (RDT-Ag) adapted for
automatic reading with portable instruments, thus
potentially combining the advantages of point-
of-care testing with those of a laboratory-based
immunoassay.

Methods

We conducted an electronic search in PubMed and
Scopus with the keywords “Quidel” OR “SOFIA” AND
“Antigen” AND “SARS-CoV-2"” OR “COVID-19” up to
March 24, 2023, for identifying articles containing
data on accuracy of Quidel Sofia SARS antigen FIA for
diagnosing acute SARS-CoV-2 infections. We selected
those where test accuracy was compared to that of
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a reference SARS-CoV-2 molecular assay, and
with sufficient information for constructing a
2x2 table.

Results

A total number of 18 articles (48165 samples;
9.8% positive at molecular testing) were includ-
ed in this meta-analysis, averaging 24 sample
cohorts. The diagnostic accuracy (summary
area under the curve), sensitivity and specificity
were 0.980, 0.76 and 1.00 in all samples, 0.981,
0.81 and 0.99 in samples collected from symp-
tomatic patients, 0.931, 0.55 and 1.00 in those
taken from asymptomatic patients, and 0.960,
0.77 and 0.99 in samples from mixed cohorts of
patients, respectively. Minor and clinically neg-
ligible differences of accuracy could be found by
comparing test results in nasal and nasopharyn-
geal swabs.

Conclusion

Quidel Sofia SARS Ag FIA meets the minimum
performance criteria of accuracy for SARS-CoV-2
antigenic testing, thus combining satisfactory
diagnostic performance with the advantages of
being potentially used as a portable device.

00 0% o% o% <%
0’0 0’0 0’0 0.0 0.0

INTRODUCTION

Threeyears after the World Health Organization
(WHO) declared the outbreak of severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV-2) a pandemic, coronavirus disease 2019
(COVID-19) is still considered a public health
emergency of international concern [1]. This is
mostly due to the fact that the number of in-
fections continues to grow irrespective of im-
munity and environmental conditions, thus no
longer following the typical seasonal pattern
that has characterized the early phase of the

pandemic [2]. Along with a constant number
of daily infections comes the still relevant im-
pact that COVID-19 has on the most vulnerable
parts of the population, especially comprising
older people, immunocompromised patients,
and those with underlying health conditions
such as cancer, cardiovascular and pulmonary
diseases, diabetes, obesity, and other chronic
illness [3].

According to the WHO [4], a confirmed case
of SARS-CoV-2 infection could be an individual
with (i) a positive test result of a nucleic acid
amplification test (NAAT) irrespective of other
clinical or epidemiological criteria, or (ii) a
positive test result of a professional used or
self-test SARS-CoV-2 antigen (Ag) assay, meet-
ing specific clinical (i.e., being symptomatic)
or epidemiological (i.e., being a contact of
a COVID-19 case or directly linked to a clus-
ter) criteria. The International Federation of
Clinical Chemistry and Laboratory Medicine
(IFCC) has recently endorsed similar recom-
mendations, stating that the diagnosis of an
acute SARS-CoV-2 infection can be made by
either molecular or Ag testing, reserving the
use of the second approach to specific clini-
cal settings (i.e., especially in those at lower
risk of having an acute SARS-CoV-2 infection
or for specific epidemiological purposes) [5].
Two recent economic analyses revealed that
an approach based on sequential testing
(SARS-CoV-2 Ag testing first, followed by NAAT
in those testing negative) is not only clinically
safe, but also is more cost-effective than mo-
lecular testingalone [6,7]. As concerns the spe-
cific diagnostic performance of SARS-CoV-2 Ag
testing, both the WHO [8] and the IFCC [5,9]
mandate that minimum performance criteria
shall be met by SARS-CoV-2 Ag immunoassays,
either rapid diagnostic tests (RDT-Ag) or labo-
ratory based, in that they should display 20.80
sensitivity and >0.97 specificity, respectively,
when used in suspected COVID-19 cases (i.e.,
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symptomatic subjects). Recent literature re-
view revealed that although most laboratory-
based tests seem to fulfil these performance
limits [10], the diagnostic accuracy of RDT-Ag
varies broadly, with average sensitivity of 0.73
(95%Cl, 0.69-0.76) in symptomatic subjects,
decreasing to 0.55 (95%Cl, 0.48-0.62) in those
without symptoms [11]. Importantly, accord-
ing to the Cochrane COVID-19 Diagnostic Test
Accuracy Group, the vast majority of tests
failed to meet the WHO and IFCC minimum
sensitivity criterion of 20.80, thus raising seri-
ous doubts about their reliability and safety
[11].

The diagnostic sensitivity of all SARS-CoV-2 Ag
tests is influenced by a widely heterogeneous
analytical sensitivity (i.e., the limit of detection;
LoD) [12], as well as by a kaleidoscope of pre-
analytical and post-analytical variables [13],
among which accuracy of test reading and in-
terpretation play the lion’s share [14]. Thus, the
possibility to standardize and/or automate this
last but highly relevant step of RDT-Ag perfor-
mance now allowed by some commercial tests
may help eliminate a very important source of
variability in test performance.

For this purpose, the aim of this investigation
is to provide a critical literature review and
meta-analysis of the diagnostic performance
of Quidel Sofia SARS antigen Fluorescent
Immunoassay (FIA), a widely used RDT-Ag im-
munoassays adapted for being automatically
read by a portable instrument, thus potential-
ly combining the advantages of point-of-care
(POC) testing with those of a laboratory-based
immunoassay.

MATERIALS AND METHODS

Assay description

The Quidel Sofia SARS antigen Fluorescent
Immunoassay has been specifically developed
for qualitative detection of SARS-CoV-1 and

SARS-CoV-2 nucleocapsid (n) protein. The test,
included within the category of lateral flow im-
munofluorescent sandwich assays, has been
specifically adapted for use with the portable
Sofia, Sofia 2 and Sofia Q analyzers, thus en-
abling to achieve objective and automated test
results within 15 min. According to manufac-
turer’s indications, the assay should be specifi-
cally used for SARS-CoV-2 testing using direct
nasal swabs collected from symptomatic pa-
tients within the first 5 days of symptoms onset,
or for serial testing of asymptomatic patients
(in such cases within 24-36 hours between re-
peated tests). The test has been cleared for be-
ing used as a POC, under a CLIA Certificate of
Waiver, Certificate of Compliance, or Certificate
of Accreditation.

The test sample is initially placed in a reagent
tube (i.e., the swab is rotated for at least 3
times, pressing the head against the bottom
and side of the tube for enabling optimal mix-
ing with the buffer) for disrupting viral particles
(thus enabling nucleoproteins exposition). A
fixed sample volume (i.e., 120 ul) is then pipet-
ted into a test cassette sample well, from where
the sample migrates throughout the test strip.
In the “WALK AWAY Mode” the cassette is im-
mediately inserted into the portable analyzer,
where test results could be displayed after 15
min, whilst in the “READ NOW Mode” the cas-
sette in maintained outside of the analyzer for
15 min, then inserted and immediately read
(i.e., within 1 min). When either SARS-CoV-1
or SARS-CoV-2 viral N antigens are present (the
test does not differentiate between the two
coronaviruses), they are sequestered within a
specific site. The analyzer then scans the test
strip and measures the fluorescent signal,
transforming the fluorescent measure in anti-
gen concentration by means of a method-spe-
cific algorithm.
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Search strategy

We planned an electronic search in Medline
(PubMed interface) and Scopus, using the key-
words “Quidel” OR “SOFIA” AND “Antigen” AND
“SARS-CoV-2” OR “COVID-19” in all search fields,
without language or time constrains (i.e., up to
March 24, 2023), for identifying published ar-
ticles that contained data on accuracy of Quidel
Sofia SARS antigen FIA for diagnosing COVID-19.
Two authors (G.L. and B.M.H.) screened all arti-
cles originally detected based on the predefined
search criteria, selecting those with the follow-
ing inclusion criteria: (i) Quidel Sofia SARS anti-
gen FIA diagnostic performance was compared
versus a reference molecular technique; (ii)
data on true positive (TP), true negative (TN),
false positive (FP) and false negative (FN) rates
could be extracted from the text of the article,
or could be otherwise provided by the authors
after direct request (i.e., by emailing the corre-
sponding authors).

After extraction, data were used for construct-
ing a 2x2 table, which enabled the estima-
tion of pooled accuracy (based on a Summary
Receiver Operating Characteristic Curve;
SROC), sensitivity and specificity with their
respective 95% confidence interval (95%Cl).
Separate analyses were conducted according
to the respiratory sample type (i.e., nasal or
nasopharyngeal swab) and the population en-
rolled (asymptomatic, symptomatic, mixed).
The Mantel-Haenszel test and random effects
model were used for finally pooling the data,
while the heterogeneity was calculated with
x? test and |2 statistics. The statistical analysis
was performed with Meta-DiSc 1.4 (Unit of
Clinical Biostatistics team of the Ramén y Cajal
Hospital, Madrid, Spain) [15].

This analysis was performed in accordance with
the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA Checklist,
available as Supplementary File 1), conducted

in agreement with the Declaration of Helsinki
and within the terms of local legislation. No
ethical committee approval was required for
performing this critical literature review and
meta-analysis.

RESULTS

Our digital search in PubMed and Scopus based
on the aforementioned criteria allowed to ini-
tially identify 70 articles after eliminating redun-
dancy between the two scientific databases. We
then excluded 52 articles, for the following rea-
sons: 36 studies which did not report any data
on diagnostic testing, 5 were unsuitable for con-
structing the 2x2 table (including no response
after delivering a specific request to the authors
for the data), 6 were literature reviews, 2 did
not contain specific data on Quidel Sofia SARS
antigen FIA, 2 were focused on performance of
SARS-CoV-2 antigen manual assay, and 1 that re-
ported data on a duplicate cohort included in a
large subsequent investigation. Thus, a total of
18 articles (totalling 48165 samples; range,
43-23462; 9.8% NAAT positive) meeting our
inclusion criteria were finally included in this
meta-analysis, equating to 24 sample cohorts
(Table 1) [16-33]. Specifically, 4 studies included
mixed cohorts of asymptomatic and symptom-
atic subjects, 5 included two separate cohorts
of asymptomatic or symptomatic patients, 7 in-
cluded only symptomatic patients, and 2 stud-
ies included only asymptomatic subjects. As
concerns the type of the sample, one study in-
cluded a single cohort of patients with double
sample collection (i.e., nasal and nasopharyn-
geal), in 16 cohorts only a nasal swab was col-
lected and in 6 cohorts a single nasopharyngeal
swab was taken.

The overall diagnostic performance of Quidel
Sofia SARS antigen FIA in all samples (i.e., nasal
and/or nasopharyngeal) is summarized in
figure 1 and table 2, displaying 0.980 (with 0.01
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SE) area under the curve (AUC), 0.76 (95%Cl,
0.74-0.78; 12, 95%) sensitivity and 1.00 (95%Cl,
1.00-1.00; I, 86%) specificity. The corresponding
values of AUC, sensitivity and specificity in the
reference nasal swab were 0.987 (with 0.01 SE),
0.72 (95%Cl, 0.69-0.75; 1>, 89%) and 1.00 (95%Cl,
1.00-1.00; 12, 81%). In samples taken from
symptomatic cohorts (Figure 2), the cumulative
AUC (0.981 with 0.02 SE) and sensitivity (0.81;
95%Cl, 0.77-0.83; 12, 22%) were predictably
higher, whilst the specificity remained almost
unvaried (0.99; 95%Cl, 0.99-0.99; 12, 0%). Nearly
identical results were found when limiting the
analysis to the reference nasal swab, displaying
0.963 (with 0.05 SE) AUC, 0.80 (95%Cl, 0.77-0.83;
12, 0%) sensitivity and 0.99 (95%Cl, 0.99-1.00; 12,
0%) specificity. These performances obviously

Table 1

decreased in samples taken from asymptomatic
subjects (Figure 3), AUC being 0.931 (with
0.01 SE), 0.55 (95%Cl, 0.48-0.61; I°, 93%) the
sensitivity and 1.00 (95%Cl, 1.00-1.00; I, 89%)
the specificity. Using the nasal reference sample
collected from asymptomatic subjects the AUC
was 0.888 (with 0.07 SE), the sensitivity 0.45
(95%Cl, 0.37-0.52; 12, 93%) and the specificity
1.00 (95%Cl, 1.00-1.00; 12,91%). Finally, in the
four studies which included mixed cohorts of
asymptomatic and symptomatic patients (all
except one using nasopharyngeal samples; and
study excluded due to lack of negative controls)
(Figure 4), the AUC was 0.960 (with 0.03 SE), the
sensitivity 0.77 (95%Cl, 0.75-0.80; 1%, 99%) and
the specificity 0.99 (95%Cl, 0.99-1.00; 1>, 93%).
Table 3 synthesizes the diagnostic performance

Study Country Sample Sample Population Reference test
matrix size
. . RT-PCR (Cepheid
Al l.
0;8;;?1?] B :faubc:; Nasal swab 76 Asymptomatic GeneXpert GX-XVI
SARS-CoV-2)
. . Naso- RT-PCR (Cepheid
Al l.
Ogglzzg?fg] B :faubc:; pharyngeal 76 Asymptomatic GeneXpert GX-XVI
swab SARS-CoV-2)
Bachman et al., . RT-PCR (CDC 2019-nCoV
2021 [17] WA eselisnely | 0| STESMERE || oo ieremeile Bema])
Beck et al RT-PCR (Hologic Aptima
’ USA Nasal swab 346 Symptomatic | Panther SARS-CoV-2 TMA
2021 [18]
test)
Bornemann et al Naso- Asymptomatic
2022 [19] Germany | pharyngeal | 7859 B RT-PCR (Multiple assays)
swab
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Figure 1

Summary of the diagnostic performance (area under the curve [AUC],
sensitivity and specificity) of the studies which cumulatively explored

the performance of Quidel Sofia SARS antigen Fluorescent Immunoassay
(FIA) for diagnosing acute SARS-CoV-2 infections
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Summary of the diagnostic performance (area under the curve [AUC],

sensitivity and specificity) of the studies which explored the performance
of Quidel Sofia SARS antigen Fluorescent Immunoassay (FIA)
for diagnosing acute SARS-CoV-2 infections in samples taken
from symptomatic subjects
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Summary of the diagnostic performance of the studies which explored
the performance of Quidel Sofia SARS antigen Fluorescent Immunoassay

(FIA) for diagnosing acute SARS-CoV-2 infections

Cohort

All samples

All samples
(nasal swab)

Symptomatic patients

AUC (SE)

0.980 (0.01)

Sensitivity (95%Cl)

0.76 (0.74-0.78)

0.987 (0.01) 0.72 (0.69-0.75)
0.981 (0.02) 0.81 (0.77-0.83)
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Specificity (95%Cl)

1.00 (1.00-1.00)

1.00 (1.00-1.00)

0.99 (0.99-0.99)




Symptomatic patients

Asymptomatic patients 0.931 (0.01)

Asymptomatic patients 0.888 (0.07)
(nasal swab)

Mixed cohorts 0.960 (0.03)
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(nasal swab) 0.963 (0.05)

0.80 (0.77-0.93)

0.55 (0.46-0.61)

0.45 (0.37-0.52)

0.77 (0.75-0.80)

0.99 (0.99-1.00)

1.00 (1.00-1.00)

1.00 (1.00-1.00)

0.99 (0.99-1.00)

Figure 3

Summary of the diagnostic performance
(area under the curve [AUC], sensitivity and specificity)
of the studies which explored the performance

of Quidel Sofia SARS antigen Fluorescent Immunoassay (FIA)
for diagnosing acute SARS-CoV-2 infections in samples

taken from asymptomatic subjects
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Summary of the diagnostic performance (area under the curve [AUC],

sensitivity and specificity) of the studies which explored the performance
of Quidel Sofia SARS antigen Fluorescent Immunoassay (FIA)

for diagnosing acute SARS-CoV-2 infections in samples taken

from mixed cohort of asymptomatic and symptomatic subjects
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Chi-square = 43,98; df = 3 (p = 0,0000)
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Specificity

Table 3

Synthesis of the diagnostic performance of studies which explored
the performance of Quidel Sofia SARS antigen Fluorescent Immunoassay
(FIA) for diagnosing acute SARS-CoV-2 infections and ought

to be excluded from the meta-analysis due to unavailability
of data for constructing a 2x2 table

Authors

Agard et al., 2022 [34]
Agard et al., 2022 [34]

Al-Alawi et al., 2021 [35]

Cohort

Low-risk

High-risk

Symptomatic patients
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Sensitivity
(95% Cl)

0.26 (-)

0.37 (-)

0.64 (0.50-0.77)
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Specificity
(95% Cl)

1.00 (-)
1.00 (-)

0.97 (0.95-0.98)
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Brihn et al., 2021 [36]

Brihn et al., 2021 [36]

Schroeder et al., 2022 [37]

Schroeder et al., 2022 [37]

Asymptomatic patients

Symptomatic patients

Asymptomatic patients

Symptomatic patients

0.60 (0.50-0.71) 1.00 (0.99-1.00)

0.72 (0.61-0.83) 0.99 (0.97-1.00)
0.60 (0.45-0.71) -

0.77 (0.56.-0.85) -

of four other studies [34-37] which reported
quantitative data on the diagnostic accuracy of
Quidel Sofia SARS antigen FIA, but were excluded
due to unavailability of sufficient information for
constructing a 2 X2 table.

DISCUSSION

Due to the ongoing surge of infections and the
predictable transformation of COVID-19 into an
endemic disease, SARS-CoV-2 testing remains of
paramount importance for a variety of reasons
beyond diagnosing an acute viral infection, thus
including the anticipation of local outbreaks
[38], predicting future pressure on healthcare
systems [39], and timely detection of changes
in viral biology and its interaction with the host
(i.e., emergence of new variants) [40]. In this
problematic scenario, the availability of easy,
rapid, affordable, and reliable tests is central
to the paradigm for the future management of
COVID-19.

Despite recent endorsements by both the WHO
and IFCC, which paved the way to diffuse us-
age of SARS-CoV-2 Ag testing at the population
level, concerns have grown as to whether most
of these rapid tests would display sufficient ac-
curacy for being used for screening, especially
in symptomatic subjects. The recent meta-anal-
ysis of the Cochrane COVID-19 Diagnostic Test
Accuracy Group revealed that even in high-risk
(i.e., symptomatic) populations, the accuracy
of such tests is extremely heterogeneous, ex-
hibiting a pooled diagnostic accuracy of 0.76

(95%Cl, 0.70-0.81), that only approximates the
minimum performance criterion of 20.80 set by
the WHO even at the upper limit of the 95%ClI
[11], and decreasing further to 0.72 (95%Cl,
0.69-0.75) when data from “sensitivity-only” in-
vestigations were included. Not surprisingly, the
diagnostic sensitivity fell well below the WHO
sensitivity limit when the analysis included as-
ymptomatic cohorts (i.e., 0.57; 95%Cl, 0.48-
0.65), becoming the lowest when these tests are
used for purposes of large population screening
(i.e.,0.45; 95%Cl; 0.36-0.54) [11]. Many reasons
have been highlighted for justifying the lower
diagnostic performance of SARS-CoV-2 RDT-Ag
compared to NAATs and even to laboratory-
based immunoassay, including the fact that the
visual reading of test results, often performed
by the patients themselves, may lead to inac-
curate interpretation [41], an issue which could
be theoretically overcome using analyzer-read
SARS-CoV-2 RDT-Ag [42].

The results of our meta-analysis of studies
which explored the performance of Quidel Sofia
SARS Ag FIA for diagnosing acute SARS-CoV-2 in-
fections reveal that the overall performance of
this instrument-read test satisfactory met the
WHO threshold of 20.80 and 20.97 diagnostic
sensitivity and specificity in symptomatic indi-
viduals (i.e., being 0.81 and 1.00), thus achiev-
ing satisfactory accuracy for being used for the
WHO and IFCC intended purposes, irrespective-
ly of the type of sample being tested (i.e., na-
sal or nasopharyngeal swab; table 2). Notably,
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the diagnostic performance was also found to
be nearly optimal in the mixed cohorts of pa-
tients (i.e., 0.77 sensitivity and 0.99 specificity),
whilst the diagnostic sensitivity remained defin-
itively low in cohorts of asymptomatic subjects
(i.e., 0.55, decreasing to 0.45 when using nasal
swabs). Similar results were reported in the four
studies whose results could not be pooled in our
analysis, with values of diagnostic sensitivity in
samples taken from symptomatic individuals
comprised between 0.64-0.77 and specificity
always 20.97. Expectedly, even in these investi-
gations the diagnostic sensitivity of Quidel Sofia
SARS Ag FIA was found to be remarkably de-
creased in samples taken from asymptomatic or
mixed cohorts of subjects (i.e., between 0.26-
0.60). These results are hence aligned to those
earlier published by the Cochrane COVID-19
Diagnostic Test Accuracy Group, which pooled
the results of only 4 studies (with 1064 samples)
and calculated an overall diagnostic sensitivity
of 0.80 (95%Cl, 0.72-0.86) and an overall diag-
nostic specificity of 0.99 (95%Cl, 0.99-1.00) for
Quidel Sofia SARS Ag FIA. Importantly, the ar-
ticle by Ford et al. provided additional informa-
tion on the use of such test, showing that the
diagnostic sensitivity parallels the likelihood of
obtaining a positive viral culture, thus enabling
a very accurate identification of contagious
subjects [22]. Two additional studies, excluded
from our pooled analysis because they lacked
clinical performance data deserve to be briefly
mentioned. Deil et al. carried out a prelimi-
nary analysis by constructing a mathematical
model for estimating the economical burden of
sample-and-stay strategy in German healthcare
workers based on the use of Quidel Sofia SARS
Ag FIA, and concluded that sequential testing
was effective to significantly lower the cumu-
lative hospital expenditure due to shortage
of quarantined hospital staff [43]. In a subse-
guent investigation, the same authors explored
the economic impact of using the Quidel Sofia

SARS Ag FIA compared to that based on clinical
judgement and NAAT for diagnosing COVID-19
in a cohort of German adult patients presenting
to the emergency department, concluding that
the RDT-AG test enabled to substantially reduce
hospital costs by over 200 € for each patient
tested [44].

In conclusion, the results of this critical litera-
ture review and meta-analysis suggest that the
modest but significant improvement shown
by the instrument-read Quidel Sofia SARS Ag
FIA over more traditional “optically only”-read
RDT-Ag would straightforwardly align its diag-
nostic accuracy to that exhibited cumulatively
by laboratory-based SARS-CoV-2 immunoas-
says, (i.e., 0.76 vs. 0.73 sensitivity and 1.00 vs.
0.98 specificity) [10]. This test may hence com-
bine satisfactory diagnostic performance with
the advantages of being potentially used as a
POC. On the other hand, the still insufficient di-
agnostic sensitivity emerged from our analysis
in samples taken from asymptomatic patients
would suggest to discourage its usage — as with
most other SARS-CoV-2 Ag immunoassays -
for diagnosis of acute SARS-CoV-2 infection in
low-probability subjects. However, in such set-
tings, it could be theoretically used to identify
those with higher viral load, who may be re-
sponsible for a substantially higher burden of
transmission.
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Supplementary  Preferred Reporting Items for Systematic Reviews

File 1 and Meta-Analyses (PRISMA) checklist
Location
Section and Topic Item Checklist item W her.e
# item is
reported

TITLE

Title 1 Identify the report as a systematic review. Page 1

ABSTRACT

Abstract 2 See the PRISMA 2020 for Abstracts checklist. Page 2

INTRODUCTION

. Describe the rationale for the review in the context of
Rationale 3 . Page 3-4
existing knowledge.

Provide an explicit statement of the objective(s) or

. ti 4 . .
Objectives question(s) the review addresses.

Page 4

METHODS

Specify the inclusion and exclusion criteria for the

review and how studies were grouped for the syntheses. FEFS S

Eligibility criteria 5
Specify all databases, registers, websites, organisations,
Information sources 6 reference lists and other sources searched or consulted Page 5-6

to identify studies. Specify the date when each source g

was last searched or consulted.

Present the full search strategies for all databases,
Search strategy 7 registers and websites, including any filters and limits Page 5-6
used.

Specify the methods used to decide whether a study
met the inclusion criteria of the review, including how
many reviewers screened each record and each report

retrieved, whether they worked independently, and

if applicable, details of automation tools used in the
process.

Selection process 8 Page 5-6
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Location
Section and Topic Sl Checklist item .wher.e
# item is
reported
Specify the methods used to collect data from reports,
including how many reviewers collected data from
Data collection each report, whether they worked independently, any
9 . . Page 5-6
process processes for obtaining or confirming data from study

investigators, and if applicable, details of automation
tools used in the process.

List and define all outcomes for which data were sought.
Specify whether all results that were compatible with
10a | each outcome domain in each study were sought (e.g. Page 5-6
for all measures, time points, analyses), and if not, the

. methods used to decide which results to collect.
Data items

List and define all other variables for which data were
sought (e.g. participant and intervention characteristics,
funding sources). Describe any assumptions made about

any missing or unclear information.

10b Page 5-6

Specify the methods used to assess risk of bias in the
included studies, including details of the tool(s) used,
11 | how many reviewers assessed each study and whether N/A
they worked independently, and if applicable, details of
automation tools used in the process.

Study risk of bias
assessment

Specify for each outcome the effect measure(s) (e.g.
Effect measures 12 risk ratio, mean difference) used in the synthesis or Page 6
presentation of results.

Describe the processes used to decide which studies
were eligible for each synthesis (e.g. tabulating the
study intervention characteristics and comparing against
the planned groups for each synthesis (item #5)).

13a Page 5-6

Synthesis methods Describe any methods required to prepare the data for
13b | presentation or synthesis, such as handling of missing Page 5-6
summary statistics, or data conversions.

Describe any methods used to tabulate or visually

13¢ display results of individual studies and syntheses.

Page 6
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Section and Topic

Synthesis methods

Reporting bias
assessment

Certainty
assessment

Study selection

Study characteristics

Risk of bias in
studies

Results of individual
studies

Item

13d

13e

13f

14

15

16a

16b

17

18

19

Checklist item

Describe any methods used to synthesize results and
provide a rationale for the choice(s). If meta-analysis
was performed, describe the model(s), method(s)
to identify the presence and extent of statistical
heterogeneity, and software package(s) used.

Describe any methods used to explore possible causes
of heterogeneity among study results (e.g. subgroup
analysis, meta-regression).

Describe any sensitivity analyses conducted to assess
robustness of the synthesized results.

Describe any methods used to assess risk of bias due to

Describe any methods used to assess certainty (or
confidence) in the body of evidence for an outcome.

Describe the results of the search and selection process,
from the number of records identified in the search to
the number of studies included in the review, ideally
using a flow diagram.

Cite studies that might appear to meet the inclusion
criteria, but which were excluded, and explain why they
were excluded.

Cite each included study and present its characteristics.

Present assessments of risk of bias for each included
study.

For all outcomes, present, for each study: (a) summary
statistics for each group (where appropriate) and (b)
an effect estimate and its precision (e.g. confidence/

credible interval), ideally using structured tables or plots.
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where
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Page 6

Page 6

N/A

N/A

N/A

Page 7

Page 7

Page 7 —
Tables 1

N/A

Page 7,8
- Tables 1
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Results of syntheses

Reporting biases

Certainty of
evidence

Discussion

Registration and
protocol
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Item

20a

20b

20c

20d

21

22

23a

23b

23c

23d

24a

Checklist item

For each synthesis, briefly summarise the characteristics
and risk of bias among contributing studies.

Present results of all statistical syntheses conducted. If
meta-analysis was done, present for each the summary
estimate and its precision (e.g. confidence/credible
interval) and measures of statistical heterogeneity. If
comparing groups, describe the direction of the effect.

Present results of all investigations of possible causes of
heterogeneity among study results.

Present results of all sensitivity analyses conducted to
assess the robustness of the synthesized results.

Present assessments of risk of bias due to missing
results (arising from reporting biases) for each synthesis
assessed.

Present assessments of certainty (or confidence) in the
body of evidence for each outcome assessed.

Provide a general interpretation of the results in the
context of other evidence.

Discuss any limitations of the evidence included in the
review.

Discuss any limitations of the review processes used.

Discuss implications of the results for practice, policy,
and future research.

Provide registration information for the review,
including register name and registration number, or
state that the review was not registered.
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Location
. .| Item . where
Section and Topic Checklist item . .
# item is
reported
24b Indicate where the review protocol can be accessed, or N/A
e EE state that a protocol was not prepared.
protocol e Describe and explain any amendments to information N/A
provided at registration or in the protocol.
Describe sources of financial or non-financial support
Support 25 for the review, and the role of the funders or sponsors Page 12
in the review.
Competing interests | 26 Declare any competing interests of review authors. Page 12
Report which of the following are publicly available
A . Upon
Availability of data, and where they can be found: template data collection S
code and other 27 forms; data extracted from included studies; data used toqcorr
materials for all analyses; analytic code; any other materials used author.
in the review.

From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. The PRISMA 2020 statement: an
updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71..

For more information, visit: http://www.prisma-statement.org/.

Page 141
eJIFCC2023Vol34No2pp123-141


http://www.prisma-statement.org/

The Journal of the International Federation of Clinical Chemistry

and Laboratory Medicine I IFC C

This is a Platinum Open Access Journal distributed under the terms of the Creative Commons Attribution Non-Commercial License which permits unrestricted
non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Development of control material
for exhaled breath-alcohol testing
and its application

Krittin Chumsawat?*3, Somsak Fongsupa?3, Sudawadee Kongkhum??,
Pramote Sriwanitchrak®3, Narisa K. Bordeerat®?3

1 Graduate Program in Medical Technology, Faculty of Allied Health Sciences, Thammasat University,
Pathumthani, Thailand

2 Department of Medical Technology, Faculty of Allied Health Sciences, Thammasat University,
Pathumthani, Thailand

3 Research Unit in Developing of Quality Control Materials for Medical Laboratory, Thammasat University,
Pathumthani, Thailand

ARTICLE INFO ABSTRACT

Corresponding author: Background

Narisa K. Bordeerat

Department of Medical Technology Breath analyser tests are used worldwide to obtain

Faculty of Allied Health Sciences proof of alcohol intoxication and often used in the

Thammasat University . f traffic viol h d

Pathumthani, 12120 conviction of traffic violators. These tests are conduct-

Thailand ed to quickly and painlessly determine the existing

Phone: (668)1-912-2694 concentration of alcohol in arterial blood by measur-

E-mail: narisa.k@allied.tu.ac.th . ] .
ing the amount of ethanol in exhaled breath, which

Key words: can be identified with an electrochemical sensor.

breath alcohol testing,

control material, uncertainty At present, the calibration and maintenance of anal-

ysers used for these tests are typically performed
regularly but lack quality control. Consequently, test
results may not be accurate because of calibration
deterioration.

The aim of this study was to develop and evaluate
the uncertainty of control materials used in breath-
alcohol testing at the Bangkok Metropolitan Police
Station.
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Material and methods

Ethyl alcohol (99.99%; Certified Reference
Material grade) diluted at three different con-
centrations was kept under design conditions.
The concentrations were 28, 67, and 134 mg/
dL, determined by performing headspace gas
chromatography, and the uncertainty was set as
+1.3925, +2.8736, and £1.8231 mg/dL (£4.97%,
+4.29%, and +2.72% for the concentrations, re-
spectively), as per ISO Guide 35:2017.

Results

The total error percentages of the developed
control materials were 4.97%, 4.29%, and
2.72% for concentrations of 28, 67, and 134
mg/dL, respectively. Each concentration of
the materials was tested by using measure-
ments from 70 breath-alcohol analysers be-
longing to the Bangkok Metropolitan Police
Station.

Conclusion

These control materials are applicable to qual-
ity assurance and standards tests and may help
to ensure the accuracy of breath-alcohol testing
in the future.

00 0% o% o% o
0’0 0’0 0’0 0.0 0.0

1. INTRODUCTION

According to the World Health Organization’s
‘Global Status Report on Road Safety’, road ac-
cidents cause approximately 1.35 million fatali-
ties per year, making it the 8™ leading cause of
mortality for all ages [1]. Driving under the in-
fluence of alcohol (DUI) is an important contrib-
uting factor in these accidents [2]. The amount
of alcohol consumed is directly proportional to
the risk and severity of accidents. In Thailand,
despite legislation against DUI, the Ministry of
Transport reported that out of 316 DUl accidents

per year, 61 were fatal and 293 required medi-
cal attention [3],[4].

Additionally, Thai Law stipulates that the blood-
alcohol level of drivers above the age of 20
years must not exceed 50 mg/dL. Drivers who
are below this age, drivers with a temporary li-
cence, licenced drivers who have received any
other type of licence, and drivers whose licence
has been revoked or whose application is on
hold must have no more than 20 mg/dL alcohol
concentration in their blood [5], as measured by
police officers using an breath-alcohol analyser
at the scene of the accident or when the driver
is suspected of DUI.

A breath-alcohol analyser is a device that mea-
sures the alcohol in exhaled breath using colo-
rimetric [6], semiconductor [7], or infrared
absorption [8]. Detection methods requiring
electrochemical-sensor-based devices are
the most popular because of their portabil-
ity, short analytical time, accuracy, good sen-
sitivity, and adequate specificity [9],[10],[11].
However, these methods involve the risk of er-
rors common to all medical laboratory equip-
ment, such as insufficient biological sampling
and traceability issues. These errors can be
detected through quality control materials
[12],[13], [14].

Because electrochemical-sensor-based breath
analysers are used routinely by traffic police
officers, these instruments are calibrated ev-
ery six months by an external organisation.
However, internal quality control is not regular-
ly performed for this kind of routine task, cre-
ating doubt about the reliability of the results
in the event of a lawsuit. Furthermore, calibra-
tion is expensive. The aim of this study was to
develop control materials for breath-alcohol
analysers. We evaluated the measurement
uncertainty of our control materials accord-
ing to ISO Guide 35:2017 [15] and compared it
to the allowable total error (TEa) specified by
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CLIA2019 [16]. Finally, we applied the materi-
als to the breath-alcohol analysers used in the
Bangkok Metropolitan Police Station. These
materials have the potential to make quality
control more accessible to all police stations,
thereby improving standardised and reliable
results.

2. MATERIALS AND METHODS

2.1 Development of control material

Three concentrations of the control material—
low, medium, and high—were prepared using
3.267, 8.171, and 16.340 mL of 99.99% ethyl
alcohol (HPLC grade, DAEJUNG, Republic of
Korea) with 10 L of distilled water each. The
samples were mixed by applying inversion and
divided into 20 plastic bottles containing 500
mL each. The bottles were sealed with parafilm,
an aluminium sheet, and finally a plastic screw
cap. All materials were stored at a temperature
of 25 £2 °C and a humidity of 50% +5% for three
months.

2.2 Uncertainty of measurement (MU)

The MU of our control materials was deter-
mined as per ISO Guide 35:2017 [15],[17] by
using headspace gas chromatography (HSGC;
SHIMAZU GC-2010, Japan). These experiments
were performed in the toxicology laboratory
of the Institute of Forensic Medicine, Police
General Hospital, Bangkok, Thailand. The allow-
able total error; TEa outlined in the CLIA2019
criteria (20%) was used to determine perfor-
mance characteristics and uncertainty values.
Furthermore, the HSGC method was using as
the appropriate choice for the measurement
procedure.

2.2.1 Homogeneity studies

Standard uncertainties were assessed as bot-
tle-to-bottle heterogeneity (SU,,) on day zero
for each control substance concentration. The

minimum number of units was then calculat-
ed. The bottles were sampled using a simple
randomized strategy. Outlier and trend analy-
ses were also conducted. The uncertainties
between units were analysed using one-way
ANOVA software for Excel.

2.2.2 Characterization study

The standard uncertainty owing to the charac-
terisation study (SU_, ) was assessed for each
control material concentration. The average
result was used as the assigned value for each
concentration.

2.2.3 Stability study

Standard uncertainty resulting from long-term
instability (SU, ) was assessed over a 3-month
period with storage conditions of 25 + 2°C
and 50% * 5% humidity, and no transportation
conditions.

A classic stability study was also conducted. Two
bottles of the control material were sampled
at six time points: 0, 7, and 14 d,and 1, 2, and
3 months for each concentration. The resulting
trends were analysed, and the SU,_at each con-
centration was evaluated using a t-test.

2.2.4 Expanded uncertainty

The expanded uncertainty (U ) was calculated
fromSu,,, SU, _,and SU, with a 95% confidence
interval (coverage factor k = 2). The equation is:

+ SUZ..

Ux = kJSUgb + SUghar
2.3 Application in breath-alcohol analysers
from Bangkok Metropolitan Police Station

Consent and questionnaire surveys were sent
to Bangkok Metropolitan Police Stations.

Our control materials were tested with 70 elec-
trochemical breath-alcohol analysers (SD-400
Touch, Lion, UK) by using a wet-bath simulator.
Quality was evaluated by using | %BIAS| from
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the HSGC-assigned value to assess accuracy and
%CV for precision, and the total error (TE) was
calculated.

3. RESULTS

3.1 MU of developed control materials

The HSGC procedure was evaluated by compar-
ing the repeatability standard deviation (S ), the
number of observations of each of the 10 ali-
quots (n_), and the target uncertainty (utrg), cal-
culated using 20% TEa for each concentration.
The results showed that the HSGC procedure
produced good precision for all concentrations
of the control material (Table 1).

3.1.1 Homogeneity study

The minimum number of control materials was
3, or 10% of the batch. This study chose 10 bot-
tles: sample numbers 2, 3,6,7,9, 11, 13, 16, 18,
20. The results showed alcohol concentrations
of 28.00% (SD = 0.87%), 66.74% (SD = 0.61%),
and 134.17% (SD = 1.31%), and are summarized
in Table 2. None of the data showed trends or
outliers (P > 0.05). The developed control mate-
rials were homogeneous—p = 0.3736, 0.9013,
and 0.0672 for 28, 67, and 134 mg%, respec-
tively—and SU,, reported 0.2810, 0.3402, and
0.9042 mg%, respectively. These data are shown
in Table 3.

3.1.2 Characterization study

The SU_, of the control materials was evaluat-
ed without the unweighted mean or laboratory
uncertainties, by referring to the SDM results
with assigned values of 28, 67, and 134 mg% for
low, medium, and high concentrations, respec-
tively (Table 2). The SU_, _showed a minimum of
67 mg% (SU_, =+0.1032 mg%) and a maximum
of 134 mg% (SU_, = +0.3595 mg%), as outlined
in Table 4.

3.1.3 Stability study

Storage-controlled materials remained accept-
able with no significant change for any concen-
tration over 3 months (p > 0.05). The minimum
and maximum SU, _values were 28 mg% (SU,_=
0.6030 mg%) and 134 mg% (SU, = 1.5417 mg%)
(Table 5), respectively.

3.1.4 Expanded uncertainty

The U of developed control materials were
calculated with a 95% Cl (coverage factor = 2).
Results showed that U = 1.3925, 2.8736, and
1.8231 mg% for concentrations of 28, 67, and
134 mg%, respectively (Table 6).

3.2 Application in breath-alcohol analysers
from Bangkok Metropolitan Police Station

The Bangkok Metropolitan Police Station rou-
tinely uses breath-alcohol analysers. Our con-
trol materials were tested on 70 instruments
which were grouped according to the time af-
ter the latest calibration: < 2 months (1), 2—-4
months (2), and > 4 months (3) (Table 7). The
results from applying the developed control
materials showed precision and %CV which
were minimum for group (1)—67 mg% (CV =
2.90%)—and maximum for group (3)—28 mg%
(CV = 14.24%)—illustrated in Figure 1(a). The
accuracy is shown as |%BIAS| which was also
atitsminimumin group (1) at 28 mg% (| BIAS | =
4.23%) and at its maximum in group (3), 28
mg% (|BIAS|=12.70%). This is summarized in
Figure 1(b). The TE was also calculated for each
analyser; minimum TE was found in group (1)
at 134 mg% (TE=8.60%) and the maximum was
found in group (3) at28 mg% (TE=26.94%), out-
lined in Figure 1(c). Notably, the calculated TE
showed that only the SD-400Touch instruments
in groups (1) and (2) met the 20% CLIA2019 TEa
standard.
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Table 1

al
Concentration u, s s,/ Vin®) Hirg /3 Conclusion
¢ (A) (B)
Low 5.60 0.87 0.02 1.87
Good
Medium 13.4 0.61 0.02 4.47 precision?
High 26.8 1.31 0.03 8.93

L criterion (A) < (B) conclusion indicates ‘good precision’
Abbreviations: u, represents the target uncertainty, s is the standard deviation; andn  denotes the unit formeasurement.

Table 2
Low concentration Medium concentration High concentration
(mg%) (mg%) (mg%)

B:)Nt)tle 1st 2nd | average 1st 2nd |average| 1st 2nd | average
2 28.12 | 27.88 28.00 66.06 67.79 66.93 | 135.49 | 134.43 | 134.96
3 27.47 | 28.05 27.76 67.05 67.42 67.24 | 133.59 | 134.49 | 134.04
6 27.81 | 28.07 27.94 65.75 66.29 66.02 | 133.03 | 133.92 | 133.48
7 2791 | 28.22 28.07 66.25 66.70 66.48 | 133.26 | 134.85 | 134.06
9 27.74 | 28.74 28.24 66.47 66.80 66.64 | 133.37 | 135.23 | 134.30

11 28.14 | 30.53 29.34 67.71 66.19 66.95 | 132.37 | 135.06 | 133.72
13 27.97 | 28.98 28.48 66.72 66.91 66.82 | 134.02 | 135.05 | 134.54
16 27.20 | 27.23 27.22 65.72 67.57 66.65 | 133.89 | 134.82 | 134.36
18 26.87 | 29.20 28.04 67.29 66.40 66.85 | 134.20 | 133.16 | 133.68
20 27.01 | 26.94 26.98 66.72 66.96 66.84 | 134.64 | 134.50 | 134.57

Average 28.00 66.74 134.17
SD 0.87 0.61 1.31
Assign 28 67 134
Value
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Table 3

Concen-
tration

Low

Medium

High

Source of
variation

Between groups
Within groups
Total

Between groups
Within groups
Total

Between groups
Within groups
Total

SS df
7.5976 9
6.8623 10
14.4599 19
1.9173 9
5.1758 10
7.0931 19
23.2574 9
9.4883 10
32.7457 19

MS F

0.8442
0.6862

(upp)

1.2301

0.2130
0.5176

(vpp)

0.4416

2.5842
0.9488

(ubb)

2.7235

p-value

0.3736

0.9013

0.0672

SU u,, of
bb conc.
(mg%) | )
+0.2810 1.00
+0.3402 0.51
+0.9042 0.67

Abbreviations: SS represents the sum of squares; df denotes the degrees of freedom,; MS indicates the mean squares;
F is the F ratio; SU,, is the standard uncertainty due to inhomogeneity; U,, is the uncertainty due to inhomogeneity.

Table 4

Concentration

Low

Medium

High

Average
(mg%)

28.00

66.74

134.17

SD
(mg%)

0.65

0.33

1.14

SDM
(mg%)

0.2054

0.1032

0.3595

SuU

char

(mg?%)

0.2054

0.1032

0.3595

Uchar of

conc. (%)

0.73
0.15

0.27

Abbreviations: SD is standard deviation; SDM is the standard deviation mean; and SU

to characterisation; U_, , is the uncertainty due to characterisation.
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Table 5 Standard uncertainty due to long-term instability (SU,)

Concentration (mg%)
Duration

Low Medium High
0 day 28.00 66.74 134.17
7 days 28.14 68.42 135.40
14 days 28.15 66.58 133.07
1 month 27.39 64.95 131.87
2 months 27.47 65.73 132.94
3 months 28.68 66.47 134.00
SU,. (mg%) 0.6030 1.3921 1.5417

U, of conc. (%) 2.15 2.08 1.15

Abbreviations: SU,_is the standard uncertainty due to long-term instability; U, _is the uncertainty due to long-term
instability.

Table 6 Expended uncertainty of developed control materials (U)).
Concentration (mg%)
Source of SU

Low Medium High
su,, 0.2810 0.3402 0.9042
suU, 0.2054 0.1032 0.3595
Su,, 0.6030 1.3921 1.5417
Combined uncertainty (U ) 0.6962 1.4368 1.8231
U, (mg%) 1.3925 2.8736 1.8231

U, of conc. (%) 4.97 4.29 2.72

Abbreviations: SU,, is the standard uncertainty due to inhomogeneity; SU , _is the standard uncertainty due to
characterisation; SU, _is the standard uncertainty due to long-term instability; U_isthe combined uncertainty; U isthe
expended uncertainty.
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Table 7 Breath-alcohol analysers grouped according to time after latest
calibration. This structuring is applied to the data in Figure 1

Time after latest calibration/analyser (n)

Model sum
< 2 months 2-4 months > 4 months
(1) (2) (3)
SD-400Touch 30 25 15 70

Figure 1 Results from the application of control materials to breath-alcohol
analysers, grouped according to time after latest calibration: (a)

%CV in each group and concentration; (b) |%BIAS| in each group and
concentration; (c) %TE in each group and concentration

16.00

(a) 1424 14.00 o
1248 =
14.00 1270 1214
12.00
12.00 11.22 10.38 1014 1035
10.00 949 260
9.39 9.26
10.00 . 868 B
> : 7.71 9 8.00 g
Q 800 5 7.6 < 716
X ; =}
6.00 i\o 6.00
4.37
4,00 200 4.00
2.00 I 2.00
0.00 0.00
SD-400Touch SD-400Touch SD-400Touch SD-400Touch SD-400Touch SD-400Touch
All Data 1) 2 3) All Data (1) (Vi) (€]
m28mg% M67mg% M134mg% m28mg% M67mg% M134mglh
30.00
2694
C
25.00
21.87
19.85
5 20.00
m: 16.95 1675
= 15.00
o 1143
g
S5 10.00
5.00
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m28mg% W67 mg% W134mgh
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4. DISCUSSION

Quality control plays an important role in the
reporting of reliable results from medical labo-
ratories. For this reason, quality control is criti-
cal for preventing inaccuracy or imprecision in
the results of all tests—even breath-alcohol
testing performed by police officers on motor-
ists at sideroads. Ensuring that breath-alcohol
analysers report values correctly is challeng-
ing. This is because the reference materials are
expensive, and calibration is scheduled in six
month intervals.

According to ISO/IEC 17043:2010, the ‘general
requirements for proficiency testing’ describe
qualifications in procedures and reference ma-
terials used for determining result quality [15],
[17], [19]. The MU of the reference materials
was determined as per ISO Guide 35:2017 spec-
ifying three causes of uncertainty: inhomogene-
ity, characterisation, and long-term instability,
which may be evaluated to expand the uncer-
tainty [15],[17].

In this study, the reference material was used
as a control to determine the quality status of
each breath-alcohol analyser. We developed
the control material by diluting ethyl alcohol
99.99% (Certified Reference Material grade) in
deionised water in three concentrations and
then sealing the samples with parafilm, alumin-
ium sheet, plastic screw caps and placing them
in storage at 25+2 °C and 50 + 5% humidity for 3
months. This accessible procedure could substi-
tute for the more expensive reference materials
currently in use. The %TE for each concentra-
tion was found to be 4.97%, 4.29% and 2.72% in
control material concentrations of 28, 67, and
134 mg% respectively. Our study did not differ
from other studies in which TE = 4.72%, 4.72%,
and 4.27% was found in alcohol reference ma-
terial concentrations of 46.6, 50.8, and 56.3
mg% [20].

The results of applying the developed control
materials in 70 police-issued breath-alcohol
analysers revealed the TE to be acceptable
only when the most recent calibration was
performed less than four months ago, ac-
cording to the 20% TEa standard outlined in
CLIA2019. The further the instruments are re-
moved from their latest calibration date, past
the four-month mark, increased the impreci-
sion of the analysers. Additionally, multiple
confounding factors were found, including the
service life of each instrument and the experi-
ence of the users.

A limitation of this study is that our control ma-
terials were applied only in the Bangkok area
and must still be tested for commutability. The
confounding factors (service life, user compe-
tency) also remain unexplored.

5. CONCLUSIONS

Our control materials were developed by em-
ploying a designed protocol and storage condi-
tions that met the criteria of CLIA2019. We de-
termined the TEa limit as per the specifications
of ISO Guide 35:2017.

These materials could be used to routinely
evaluate the quality of breath-alcohol analys-
ers for more reliable results.

00 0% o% o% <%
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Lithium is the first-line treatment for maintenance
therapy in bipolar disorder. It is an effective mood
stabilizer agent, and may have potential benefits in
neuroprotection and reducing the risk of suicide.
Toxicity has been a concern in recent decades, partic-
ularly in older adults (260 years). In 2019, the Older
Adults Task Force within the International Society for
Bipolar Disorder (ISBD) published recommendations
for age-stratified lithium therapeutic ranges for ther-
apy of Older Age Bipolar Disorder (OABD), namely 0.4
— 0.8 mmol/L for ages 60 to 79 and 0.4 — 0.7 mmol/L
for ages 80 and above. Clinical laboratory practice
surveys in Canada indicated that adoption and imple-
mentation of the proposed ranges has been limited
to date. In this article, we describe the approach and
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steps taken to evaluate and implement recom-
mended lithium therapeutic ranges in Ontario
and other provinces in Canada for laboratory
quality improvement. Sources of variation in
lithium reporting practices are discussed and
shared here to highlight potential barriers to
implementation. The overall goal of this article
is to bring attention across the global laboratory
community that lower lithium therapeutic tar-
get ranges in older patients are crucial for pa-
tient safety in OABD.

O o% % o% o
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Abbreviations
CV, coefficient of variation;

IQMH, Institute for Quality Management in
Healthcare;

ISBD, International Society for Bipolar Disorders;
L-DOPA, levodopa;
OABD, old age bipolar disorder;

RCPAQAP, The Royal College of Pathologists of
Australasia Quality Assurance Programs;

SD, standard deviation;

SE, standard error.
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INTRODUCTION

Older age bipolar disorder (OABD) is defined
as bipolar disorder in individuals aged 60 and
over, and it represents approximately 25% of all
bipolar disorder (BD) worldwide [1]. This group
includes individuals with both early and late
onset BD. With the growing older population,
the proportion of OABD is projected to be over
50% by 2030 [2]. Lithium carbonate remains the
first-line treatment in the maintenance of OABD
due to its effectiveness in both phases of the ill-
ness, including depression and mania/hypo-
mania [3,4]. In addition to mood stabilization,

it may also have additional benefits in reducing
the risk of suicide [5,6] and have neuroprotec-
tive properties for the prevention of dementia
[7]. Yet, lithium toxicity has been a concern in
recent decades, especially in older adults where
the laboratory community needs to highlight
and thereby reverse the decline of prescribing
practice [4,8].

In older adults, special considerations regard-
ing the use of lithium include increased risk of
toxicity associated with normal and pathologi-
cal decreases in renal function, medical co-mor-
bidities, and drug-drug interactions with com-
monly used medications such as diuretics, ACE
inhibitors and nonsteroidal anti-inflammatories
[9-11]. It has been reported that 33% of OABD
patients are prescribed these common medi-
cations, which may increase the serum lithium
level by up to 50% [8]. Moreover, lithium toxic-
ity is often misdiagnosed and attributed to oth-
er common conditions in older adults, including
gastrointestinal symptoms (diarrhea), urological
disorder (polyuria), impaired cognition (demen-
tia) and neurologic symptoms similar to parkin-
sonism (tremor and rigidity) [12]. If not recog-
nized as toxicity secondary to lithium use, this
can result in a “prescribing cascade” whereby
inappropriate and unnecessary drugs are addi-
tionally prescribed for perceived new disorders
[13]. For example, parkinsonism secondary to
lithium therapy can result in unnecessary treat-
ment with L-DOPA, while impaired cognition may
be interpreted as dementia and managed inap-
propriately with cognitive enhancers [12].

To date, there is only one randomized con-
trolled trial that specifically addressed pharma-
cological treatment using lithium carbonate in
older adults with bipolar disorders - the GERI
BD study (Acute Pharmacotherapy in Late-Life
Mania) [14]. Recent clinical practice guidelines
generally recommend a lithium target mainte-
nance therapeutic range of 0.6 to 0.8 mmol/L,
without considering the age of the patient, the
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phase of their illness, or medical comorbidities
[3]. There is also a lack of specific recommenda-
tions for OABD in international clinical practice
guidelines [3,15].

Considering the lack of systematic evidence and
direction from clinical practice guidelines for
use of lithium in older adults, the International
Society of Bipolar Disorder (ISBD) established
an Older Age Task Force comprised of interna-
tional experts with real-world knowledge and
experience in OABD. The group has published
a report as well as a Delphi consensus survey
aimed to provide specific direction for lithium
and its maintenance use in OABD [1,16]. In
brief, the ISBD task force on OABD recommend-
ed that lithium remains the preferred choice for
maintenance treatment of OABD [16]. Second
line choices include: valproate, lamotrigine,
guetiapine and olanzapine. It is recommend-
ed that serum lithium levels be monitored 5
to 7 days after a dose adjustment, three to six
months thereafter, as clinically necessary and if
co-medications were initiated or adjusted while
receiving lithium therapy [16]. Monitoring of
target serum lithium levels generally relies on
trough levels as the efficacy of lithium are dose-
dependent and correlates well with trough
levels. Trough levels are typically collected just
before the next dose. In clinical practice, lith-
ium is mostly prescribed as lithium carbonate
and may be administered in divided doses, so
lithium trough levels are routinely measured 12
hours following the previous dose.

The ISBD task force on OABD also provided
specific recommendation on reporting sepa-
rate lithium level therapeutic ranges for older
adults [16]. Serum lithium target therapeutic
ranges were recommended for ages 60 to 79 in
the range of 0.4 to 0.8 mmol/L, and for those
80 and over in the range of 0.4 to 0.7 mmol/L
[16]. The most common therapeutic range re-
ported by laboratories was in the range of 0.6 to
1.2 mmol/L and without specific age dependent

stratification [16]. The lack of age stratification
may pose risks in missing lithium toxicity in old-
er adults. Providing narrower and lower thera-
peutic ranges in older patients would help to
increase sensitivity to adverse side effects, par-
ticularly neurotoxicity.

Given the vulnerability to toxicity and the ten-
dency for lithium to be underutilized in this
population, requests were made to the clinical
laboratory community to update and provide
narrower and lower therapeutic ranges for lithi-
um in older adults [4,17]. In this article, we share
our approach aiming to determine the feasibil-
ity of implementing the ISBD OABD Task Force
recommended standardized therapeutic ranges
in Canada for laboratory quality improvement
by: a) determining the association of serum
lithium concentration with age via retrospective
laboratory data review, b) evaluating method
agreement between common lithium methods
via reviewing proficiency testing survey reports,
and c) determine the current practice of clinical
laboratories in the reporting of lithium levels in
Canada through two voluntary surveys of clini-
cal laboratories conducted in 2017 and 2022.
Sources of variation in lithium reporting prac-
tices are discussed and shared here to highlight
potential barriers to implementation.

FEASIBILITY ASSESSMENT FOR ADOPTION
OF STANDARDIZED THERAPEUTIC
RANGES FOR SERUM LITHIUM

To evaluate the feasibility of adopting and im-
plementing the ISBD OABD Task Force recom-
mendation for standardized age-stratified ther-
apeutic ranges for lithium, we retrospectively
reviewed a Toronto hospital serum lithium data
for association with age, and we reviewed
results from two external quality assurance
providers for lithium method performance
agreement.
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Serum lithium laboratory results from April 1,
2020 to March 31, 2022 (n = 504) were ex-
tracted from theSunnybrook Health Sciences
Centre Laboratory Information System (Toron-
to, Ontario, Canada). Patients from emergency
department, critical care and maternal care
units were excluded, and the final analysis
included clinically stable patients undergoing
treatment with lithium. This retrospective study
has been registered with the Sunnybrook Re-
search Ethics Board as a quality improvement
project.

One-way ANOVA was used to compare mean
serum lithium concentration between four age
groups: ages 14to 18, 19to 59, 60to 79, and 280
years old. Statistical analyses were performed
by IBM SPSS Statistics V. 28.0.1.1 software. The
analyses confirm that there is a significant dif-
ference in mean lithium concentration between
the age groups of 19 to 59 years old and 60 to
79 years old (mean 0.80 vs. 0.65 mmol/L, p <
0.001), and between the age groups of 19 to
59 years old and 280 years old (mean 0.80 vs.
0.55 mmol/L, p < 0.001). Therefore, the serum
lithium concentration in sera of older adults (60
to 79 years old and >80 years old) is significantly
lower than in that of younger adults (19 to 59
years old). Figure 1 illustrates the distribution
of serum lithium concentration for each age
groups. This retrospective review of laboratory
data provides supporting evidence that patients
>60 years old should have a lower therapeutic
target serum lithium level compared to younger
adults. Prior to local implementation in other
laboratory testing sites, similar results were ob-
served from community laboratory data (i.e.,
Ontario and British Columbia) as well as in oth-
er provinces (data not shown).

To evaluate agreement between commonly
used lithium methods for the use of standard-
ized therapeutic target ranges, we reviewed
proficiency testing survey reports between
September 2020 to September 2022 from the

Institute for Quality Management in Healthcare
(IQMH) based in Toronto, Canada and The Royal
College of Pathologists of Australasia Quality
Assurance Programs (RCPAQAP) based in St
Leonards, Australia. Both programs offer an I1SO
17043:2010 accredited proficiency testing pro-
gram to clinical laboratories.

The aggregate analytical performance is sum-
marized in Table 1 and includes a total of seven
surveys and 21 samples covering a range of lith-
ium concentrations. The surveys included eight
different instrument groups (Abbott Architect/
Alinityc,Beckman Coulter AU, Beckman Coul-
ter Unicel DxC, Ortho Vitros, Roche cobas ¢/
Integra 400, Siemens Advia/Atellica, Siemens
Dimension and Siemens Vista) from five ma-
jor manufacturers, and reported data from
311 RCPAQAP and 86 IQMH clinical laboratory
participants. All the methods are based on the
colorimetric method principle. The all-meth-
ods’ mean, standard deviation and coefficient
of variation ranges were summarized for four
categories of lithium ranges: a) <0.4 mmol/L,
b) 0.4 - 0.8 mmol/L, c) 0.8 - 1.5 mmol/L, and
d) >1.5 mmol/L, which represent major clinical
decision limits.

The variation between lithium methods is min-
imal, with a range of all-methods’ standard
deviation of 0.04 - 0.06 mmol/L for concentra-
tions <1.5 mmol/L, and <0.12 mmol/L for con-
centrations >1.5 mmol/L. A practice-oriented
quality specification for lithium was proposed
with a desirable imprecision of 5.2%, bias of
2.1% and total error allowable of 10.7% [18].
Overall, this indicates that there is acceptable
and sufficient agreement between commonly
used colorimetric lithium methods, and dem-
onstrates feasibility to use narrow, age-strati-
fied, and standardized therapeutic target rang-
es for serum lithium (i.e., 0.4 to 0.8 mmol/L for
ages 60 to 79, and 0.4 to 0.7 mmol/L for ages
>80).

Page 156
eJIFCC2023Vol34No2pp153-166



A. W. S. Fung, K. I. Shulman, D. Konforte, H. Vandenberghe, J. Stemp, V. R. Yuan, P. M. Yip, L. Fu
Age-stratified lithium therapeutic ranges for older adults with bipolar disorder

Figure 1 Serum lithium concentration distribution stratified by age groups
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Serum lithium concentrations (mmol/L) were plotted stratified by patient age groups (14 to 18 years, 19 to 59 years,
60 to 79 years, 280 years). The horizontal line and error bars represent the median and interquartile range for serum
lithium concentration for each age group, respectively. This figure was generated by GraphPad Prism 5 software.
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Target Lithium Number
. Number of survey
Concentration
(mmoliL) of surveys | samples
included
<04 2 2
0.4-0.8 3 4
0.8-1.5 4 4
>1.5 7 11

:I?-r:r?:tl:f Range of all- | Range of all-
ods’ mean* methods’ SD* | methods’ CV*
(mmoliL) (mmol/L) (%)
0.29-0.35 0.04 -0.05 12.6-14.3
0.59-0.73 0.04-0.05 6.0-7.1
1.03-1.43 0.05-0.06 3.6-5.0
1.71-2.70 0.05-0.12 3.1-45

# All-methods mean, standard deviation (SD) and coefficient of variation (CV) presented are summarized from a total of
7 surveys and 21 samples from the Royal College of Pathologists of Australasia Quality Assurance Programs (RCPAQAP)
and Institute of Quality Management in Health Care (IQMH) proficiency testing surveys, and reported from 311
participating clinical laboratories in RCPAQAP and 86 IQMH Proficiency Testing Program. This data represents lithium
measurements from eight instrument groups (Abbott Architect/Alinity ¢, Beckman Coulter AU, Beckman Coulter Unicel
DxC, Ortho Vitros, Roche cobas c/Integra 400, Siemens Advia/Atellica, Siemens Dimension, and Siemens Vista) based on

the colorimetric method principle.

SOURCES OF VARIATION
IN LITHIUM THERAPEUTIC RANGES

Based on the proficiency testing survey re-
sults, we further explored whether there are
other sources of variation in lithium therapeu-
tic range such as method traceability, use of al-
ternate method principles, and the use of out-
dated reference sources (e.g., manufacturer
instructions for use (IFU), textbooks, publica-
tions, or clinical practice guidelines). There are
currently 5 registered reference methods and
8 registered reference materials for lithium in
serum or plasma in the Joint Committee for
Traceability in Laboratory Medicine (JCTLM)
Database [19]. Current routine commercially
available lithium methods may be broadly cat-
egorized, from most common to least com-
mon as colorimetric, ion selective electrode,

and atomic absorption spectrophotometry.
Common colorimetric methods from 5 major
manufacturers were further reviewed for trace-
ability and were traceable to at least four dif-
ferent NIST standards (i.e., SRM956, SRM3129,
SRM924, SRM 909). Review of recent 2022 pro-
ficiency testing survey reports from College of
American Pathologists (CAP) based in the USA
showed that although most methods are gener-
ally agreeable, there are some rarer methods,
such as direct ion selective electrode, can have
a bias of up to +0.3 mmol/L when compared to
the all-methods’ means. These biases may be
present due to method specific differences and
interferences, or the initial versions of a com-
mercial assay released at a time when reference
methods and/or materials are not available, or
if the method’s calibration traceability has not
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been updated. Thus prior to adoption and im-
plementation of the recommended standard-
ized ISBD OABD therapeutic ranges, we contin-
ue to recommend a review of local, site-specific
laboratory and clinical data.

Therapeutic ranges for lithium published from
clinical practice guidelines, manufacturer IFUs,
and textbooks were also reviewed. Reviews of
recent clinical practice guidelines showed that
target range varies, with the lower limit ranging
from 0.4 to 0.6 mmol/L and upper limit ranging
from 0.6 to 1.2 mmol/L [3,15]. Manufacturer
IFUs of lithium assays from the five major ven-
dors were reviewed, and the lithium therapeu-
tic ranges and their reference source are sum-
marized in Table 2. The main cited sources from
these IFUs are based on the Tietz Textbook of
Clinical Chemistry and Molecular Diagnostics
[20,21], and the Tietz Fundamentals of Clinical

Table 2

Source of therapeutic
range from Manufacturer
Instruction for Use (IFU) or

Therapeutic range for
lithium level (mmol/L)

Chemistry and Molecular Diagnostics [22,23].
The Tietz textbooks and Bakerman’s interpre-
tive laboratory reference account as the sourc-
es of the most used therapeutic ranges noted
in the practice surveys [21-28]. Interestingly,
newly commercially available analyzers, such as
the Siemens Atellica or the Abbott Alinity, did
not provide an update to their lithium IFU and
continued to cite the original reference source
published with their predecessors [29,30].
Additionally, some of the textbook editions did
not reference the original source of their rec-
ommended ranges. For example, the latest edi-
tion of the Tietz Textbook provided an updated
recommended range of 0.5 to 1.0 mmol/L for all
age groups, however this modification did not
provide a new reference source and continued
to reference an older edition of the textbook
[25,26].

Reference cited

Textbook
Abbott Architect [32] 1.0-1.2 Tietz Textbook 4th ed. [21]
Abbott Alinity [29] 1.0-1.2 Tietz Textbook 4th ed. [21]
1.0-1.2
(trough)

Beckman AU [33]

Beckman Synchron and DxC
[34]

Siemens Advia [35]

(minimum effective)

1.0-1.2
(trough)

(minimum effective)

1.0-1.2

Tietz Fundamentals 6th ed. [23]

Tietz Fundamentals 6th ed. [23]

Tietz Textbook 2nd ed. [20]
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Siemens Atellica [30] 1.0-1.2 Tietz Textbook 2nd ed. [20]
Siemens Dimension Vista [36] 0.6-1.2 Tietz Fundamentals 6th ed. [23]
Ortho Vitros [37] 06-1.2 Tietz Fundamentals 5th ed. [22]
Roche cobas [38] 0.6-1.2 Tietz Fundamentals 5th ed. [22]
Roche Direct ISE [39] 06-1.2 Tietz Clinical Guide 3rd ed. [28]
Tietz Textbook 6th ed. [26] 05-1.0 Tietz Textbook 5th ed. [25]
05-1.2
Bakerman’s ABC’s Interpretive (acute mania) Practice Guideline 2002 Am J
Laboratory Data 5th ed. [24] 0.5-1.0 Psych [40]
(sustained prophylactic)

For comparison, the ISBD task force on OABD has made specific recommendations on reporting for older adults with
target therapeutic ranges for ages 60 to 79 in the range of 0.4 to 0.8 mmol/L, and for those 80 and over in the range of

0.4 to 0.7 mmol/L [17].

SURVEY OF LITHIUM REPORTING
PRACTICE IN CANADA

Two surveys querying the Canadian clinical lab-
oratories about their serum lithium reporting
practices were conducted in 2017 and subse-
quently in 2022. Both surveys were conducted a
few months prior to educational sessions on the
safe and effective use of lithium in OABD pre-
sented at national and international clinical lab-
oratory conferences (e.g., Canadian Society of
Clinical Chemists Annual Scientific Meeting and
International Association of Therapeutic Drug
Monitoring and Clinical Toxicology Congress)
[31].

The first survey was administered by IQMH with
most laboratories representing the provinces
of Ontario and Newfoundland. In May 2017, a
5-question voluntary survey about laboratory
practices related to serum lithium collection in-
structions, reporting of therapeutic ranges and
toxic levels were included with the IQMH DRUG

proficiency testing survey and sent to clinical
laboratories who subscribed to the program.
Qualitative comments were received from a to-
tal of 85 laboratories that perform lithium test-
ing, with a distribution of 77 (91%) hospital lab-
oratories and 8 (9%) community laboratories.
Of the 85 laboratories, 3 (4%) laboratories did
not provide their lithium therapeutic ranges, 7
(8%) laboratories did not provide their lithium
toxic alert concentration threshold, 2 (2%) labo-
ratories provided pediatric (<18 years old) spe-
cific ranges, and 4 (5%) laboratories provided
geriatric (265 years old) specific ranges. The
surveyed lower therapeutic limit varied from
0.0 to 0.8 mmol/L, and the upper limit var-
ied from 1.1 to 1.5 mmol/L, for all age groups
(Figure 2). Like the Delphi survey results con-
ducted by ISBD OABD Task Force, the majority
(89%) of laboratories surveyed provided a sin-
gle lithium therapeutic range for all age groups,
and the most common range (62%) reported
was 0.6 to 1.2 mmol/L [16]. For the surveyed
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geriatric therapeutic ranges (=65 years old), the
lower limit of the therapeutic range varied from
0.2 to 0.4 mmol/L, and the upper limit was 0.8
mmol/L for all four sites. In terms of toxic alert
levels, the upper threshold varied from 1.2 to
2.5 mmol/L and the most common toxic upper
threshold is 1.5 mmol/L (45%) for all ages. No
laboratory reported a separate toxic range for
patients 265 years old. The therapeutic ranges
for lithium are based on trough ranges. Forty-
four of the 85 laboratories (53%) indicated they
had collection instructions for measurement of
lithium trough levels with 41 (91%) laboratories
used the 12 hours post-dose instructions and 3
(9%) laboratories used the immediately prior to
next dose instruction.

In May 2022, a second survey including 5
guestions was circulated to members of the
Canadian Society of Clinical Chemists (CSCC) via
the CSCC electronic mailing list to determine
whether the relevant clinical recommendations
and educational efforts made an impact in rais-
ing awareness about the need for age-stratified
therapeutic ranges for lithium in older adults.
Qualitative responses were received from a to-
tal of 20 laboratories performing lithium testing
from British Columbia, Manitoba, Ontario, and
Quebec in Canada as well as Minnesota in the
USA. Most of the responses (95%) were from
hospital laboratories. Not every respondent an-
swered all questions, but all responses received
were included in the final survey report. Of the
20 laboratories who responded, 14 (66%) labo-
ratories provided a single therapeutic range,
and the most common therapeutic range used
was 0.6 to 1.2 mmol/L (30%), followed by 0.4 to
1.4 mmol/L (10%), 0.5 to 1.2 mmol/L (10%), and
0.5 to 1.3 mmol/L (10%). Six (29%) laboratories
provided a separate lithium therapeutic range
for older adults, where the age limit varied be-
tween 60 to 65 years of age and over (Figure 2).
Two of those six laboratories additionally pro-
vided a separate lithium therapeutic range for

ages 280. For the geriatric population (age 60
and over) therapeutic lower limit varied from
0.4 to 0.6 mmol/L, and the upper limit varied
from 0.6 to 1.0 mmol/L. The most common sur-
veyed toxic alert limit was 1.5 mmol/L for all
ages (35%). Toxic alert for older adults was re-
ported by two laboratories with upper thresh-
olds of 1.1 and 1.4 mmol/L. Eight (38%) labo-
ratories provided collection instructions, and
two (10%) laboratories provided interpretative
comments regarding toxicity concentrations.
The practice surveys in 2017 and 2022 suggest a
slow but increasing adoption and implementa-
tion of age-specific therapeutic ranges for lithi-
um (Figure 3).

DISCUSSION AND CONCLUSION

The Older Adults Task Force within the
International Society for Bipolar Disorder (ISBD)
has recommended age-stratified lithium thera-
peutic ranges for older adults with bipolar dis-
order (i.e., for ages 60 to 79 in the range of 0.4
to 0.8 mmol/L, and for ages 280 in the range
of 0.4 to 0.7 mmol/L [17]). Here, we determine
the feasibility of using standardized therapeutic
ranges for lithium. Our analysis demonstrates
that there is an association of lower serum lithi-
um concentration with increased age, and there
is generally good agreement between common-
ly used colorimetric lithium methods. Additional
assessment of feasibility is required if using un-
common methods (i.e., ion selective electrode).
Together, these data generally align the ISBD
OABD Task Force recommendation with labo-
ratory evidence. Interestingly, reporting prac-
tice surveys in Canada indicated that there is
significant variability in the reporting of serum
lithium therapeutic ranges with some laborato-
ries reporting upper limit >1.2 mmol/L and up
to 1.5 mmol/L. Review of potential sources of
variation in therapeutic ranges shows that the
upper therapeutic limit referenced from a vari-
ety of sources is generally not greater than 1.2
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Figure 2 Survey results for serum lithium reporting practices:
variation in the (A) lower limit; (B) upper limit of therapeutic range;
(C) toxic limit reported by laboratories
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Red denotes 2017 survey for all ages, orange denotes 2017 survey for older adults, green denotes 2022 survey for all
ages, and blue denotes 2022 survey for older adults. For all age groups, majority of laboratories report a lower limit
of 0.6 mmol/L and an upper limit of 1.2 mmol/L for therapeutic range, and >1.5 mmol/L for toxic limit. Considerable
variability exists for both the therapeutic and toxic limits. The definition of older adult was variable and ranged between
60 to 65 years old. For older adults, majority of laboratories currently do not report age-stratified therapeutic ranges or
toxic limits. This figure was generated by GraphPad Prism 5 software.
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Figure 3  Survey results for serum lithium reporting practices:
variation in the therapeutic range reported by laboratories
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Red denotes 2017 survey for all ages, orange denotes 2017 survey for older adults, green denotes 2022 survey for all
ages, and blue denotes 2022 survey for older adults. Majority of laboratories report a therapeutic range of 0.6 — 1.2
mmol/L for all ages, and a lack of age-stratified ranges defined for older adults. There is an increase in adoption of the
ISBD recommended ranges for OABD from 2017 (orange) to 2022 (blue) in the therapeutic ranges of 0.4-0.7 and 0.4-0.8
mmol/L (i.e., for ages 60 to 79 in the range of 0.4 to 0.8 mmol/L, and for 280 years old in the range of 0.4 to 0.7 mmol/L
[17].) This figure was generated by GraphPad Prism 5 software.

Page 163
eJIFCC2023V0I34No2pp153-166




A. W. S. Fung, K. I. Shulman, D. Konforte, H. Vandenberghe, J. Stemp, V. R. Yuan, P. M. Yip, L. Fu
Age-stratified lithium therapeutic ranges for older adults with bipolar disorder

mmol/L, which suggests that reporting upper
limits >1.2 mmol/L is an outdated practice. An
upper therapeutic limit of >1.2 mmol/L can put
older adults at a risk of lithium toxicity without
being recognized by clinicians who may con-
sider this level to be within the normal range.
Although the Delphi survey did not make a spe-
cific recommendation on toxic alert concentra-
tions, it has been suggested that 1.5 mmol/Lis a
practical, clinically-based toxicity alert for older
adults. Together this highlights an important
need for clinical laboratories to periodically re-
view reference and therapeutic ranges and up-
date obsolete ranges where clinically necessary.
In addition, there is also a need to engage text
book authors, editors, and manufacturers to
review validity of their published lithium thera-
peutic ranges, and to include ISBD OABD recom-
mendation through collaboration with national
and international clinical chemistry and toxicol-
ogy societies such as the Canadian Society of
Clinical Chemists (CSCC), American Association
for Clinical Chemistry (AACC), International
Federation of Clinical Chemistry and Laboratory
Medicine (IFCC), and International Association
of Therapeutic Drug Monitoring and Clinical
Toxicology (IATDMCT).

Inconclusion, the lack of age-stratified lithium
therapeuticranges may put older adults at risk of
developing lithium toxicity as some potentially
toxic results may be disregarded as “within the
therapeutic range”. Adoption and implemen-
tation of clinically appropriate, age-stratified
therapeutic ranges for OABD have been slowly
but steadily increasing in Canada. A small group
of clinical laboratories in Ontario have champi-
oned the implementation of revised therapeu-
tic lithium ranges for OABD and are now sharing
their experience with interested laboratories in
other provinces. Champion leaders have also
been identified in provincial laboratory groups
in British Columbia and Alberta to drive imple-
mentation across Canada where applicable.

While we transform awareness of the ISBD
OABD Task Force recommendations into action
in Canada, we hope data presented in this ar-
ticle will help raise awareness and promote the
safe and effective use of lithium in patients with
OABD globally.
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Objective

The performance of the platelet times neutrophil-
to-lymphocyte ratio, namely systemic immune in-
flammation (Sll) index, is an inflammatory index that
shows controversial results as a predicting indicator
of the poor outcomes of COVID-19. In this study, this
indicator was analyzed in 3280 patients admitted at a
COVID-19 reference hospital in Quito (Ecuador).

Methods

The Receiver Operating Characteristic (ROC) curve
analysis was conducted on Sll values upon admis-
sion to identify the most appropriate cut-off values
in discriminating COVID-19 severity and in-hospital
mortality.

Results

SIl was higher in both severe patients and in those
who finally died (cut-off points of 757.3 and 808.5
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respectively). However, the AUC-ROC analysis
(0.60-0.67) demonstrated a modest discrimi-
nating performance of Sll for COVID-19 sever-
ity (61.2% sensitivity and 61.5% specificity),
which sensibly improved for COVID-19 mor-
tality (AUC-ROC: 0.73-0.83, sensitivity: 80.6%
specificity; 63.6%).

Conclusion

Sl index may well be an indicator of inflamma-
tory conditions secondary to COVID-19 leading
to a higher mortality, rather than a predictor of
severe forms of the disease.

O0 0% o% % <%
0‘0 0‘0 0'0 0‘0 0‘0

Abbreviations

AUC-ROC, Area Under the Curve-Receiver
Operating Characteristic;

NLR, Neutrophil-to-Lymphocyte Ratio;
Sll, Platelet by Neutrophil-to-Lymphocyte Ratio.
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1. INTRODUCTION

During SARS-CoV-2 infection, the activation of
hyper-inflammation, cytokine storm, coagulop-
athies, and disseminated intravascular coagu-
lation are the most prevalent pathobiological
processes leading to severe acute respiratory
distress syndrome (ARDS) and multi-organ
failure. This is the rationale of including plate-
let counts in the development of new blood-
cell based composed inflammation indices for
the forecasting of COVID-19 patients. The sys-
temic immune inflammation index (Sll= (plate-
let counts x neutrophil counts)/lymphocyte
counts), a composed blood parameter originally
set to assist with the diagnosis, progress, and
risk stratification of inflammatory diseases [1],
can also predict COVID-19 severity and mor-
tality [2-9]. Despite the evidence, doubts exist
regarding the prognostic performance of Sli

[10,11], which may fall short as a biomarker of
poor clinical outcomes, especially in hospitalized
COVID-19 patients who present comorbidities
[12,13]. The use of patients at different stages
of the disease, or even the disparate sizes of the
samples used (from 119 to 1800 patients), would
account for the controversy. In this study, it was
investigated the association between SlI values
and COVID-19 severity and in-hospital mortality
using the records of a large sample of patients
from a COVID-19 reference hospital of Northern
Ecuador. During the epidemic, Ecuador had the
highest death toll in all South America.

2. METHODS

This observational retrospective study included
3280 consecutive patients over 18 years old,
who were admitted at the |IESS Hospital Quito
Sur in Quito (Ecuador) from March 13 to June
17, 2020 with COVID-19 (CDC 2019-Novel
Coronavirus Real-Time RT-PCR Diagnostic Panel
in upper and lower respiratory specimens) and
showing COVID-19-like symptoms. Blood sam-
plesforroutinelaboratory tests weredrawn
upon admission (after a 40-min interval of av-
erage) and subsequently run in a Sysmex XN-
550™ Hematology Analyzer (Sysmex America
Inc., Japan). In addition, an arterial blood gas
exam was also conducted on room air under a
controlled oxygen environment at the time of
admission using a RAPIDPoint® 500 blood gas
system (Siemens Healthcare GmbH; Germany).
Patient categorization was conducted in agree-
ment with the NIH guidelines (https://www.
covid19treatmentguidelines.nih.gov/overview/
clinical-spectrum/) for the severity of COVID-19
pneumonia. The “Severe group” included a to-
tal of 635 patients who had blood hypoxemia
(PaO, < 60 mmHg; SpO, < 94%). The rest (2645
cases) were classified as “Non-Severe” (PaO, >
60 mmHg and SpO, > 94%.). Discrepant cases
showing values of PaO, < 60 mmHg and SpO, >
94% were not included in the analysis.
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Non normally distributed variables were deter-
mined by the Shapiro Wilk test and expressed
as medians and interquartile ranges (IRs). The
Mood test was chosen to compare the medi-
ans of NLR and SlI (annotated as P*N/L) across
COVID-19 severity and in-hospital mortality/
survival groups. Odds ratios (ORs) were calcu-
lated using a simple logistic regression as well
as a multiple logistic regression analysis when
convenient to estimate the likelihood of sever-
ity and mortality on a multiple variable basis of
confounding factors such as age, sex and the
Sllindex. The Receiver Operating Characteristic
curve (AUC-ROC) analysis was conducted to
evaluate the discriminative performance of the
SIl and NLR indices as well as to identify the op-
timal cut-off points of both the maximum sensi-
tivity and specificity (Youden index). Concerning
the performance criterion, AUC values were
interpreted as follows: 0.5-0.6 (failed), 0.6-0.7
(worthless), 0.7-0.8 (poor), 0.8-0.9 (good), > 0.9
(excellent) [14]. Alpha value was set at 0.05.
Written informed consent was waived due to
the use of secondary data obtained from an-
onymized patients (Public Health Ministerial
order of December 31st, 2014). The STROBE
(Strengthening The Reporting of OBservational
Studies in Epidemiology) guidelines were fol-
lowed in reporting this study.

3. RESULTS

The sample included similar numbers of men
(1643) and women (1637). There were 635
Severe cases (19.4%) and 2645 non-Severe
cases (80.6%). The median age was as follows
(years (SD)): Non-Severe 42.1 (22.3), Severe
42.9 (21.7), Survivor 42.2 (22.2), non-Survivor
45.5 (22.3). Mortality rate (3.1%, two thirds of
whom were men) in the Severe group was high-
er than in the non-severe group (4.9% and 2.7%
respectively). The median of SIl and NLR were
significantly higher in both the Non-Survival
and the Severe groups (Table 1).

In the AUC-ROC analysis (Figure 1), the optimal
cut-off points for severity were 757.3 (Sll) and
2.28 (NLR), while for mortality were 808.5 (Sll)
and 3.81 (NLR). The AUCs of the Sl index were
modest (0.66 for severity and 0.77 for mortal-
ity) compared to the NLR ratio (AUC values of
0.57 and 0.84 for severity and mortality respec-
tively). The sensitivity and specificity of the SlI
index for severity were 61.2% and 61.5% re-
spectively. As to mortality, the sensitivity of Sl
increased up to 80.6%, while its specificity bare-
ly changed (63.6%). For the association analysis,
the patients were divided in two groups accord-
ing to the SII cut-off points so that 58.8% of the
patients (n=1929) were below the cut-off for
severity and 62.2% of the patients (n=2041) for
mortality. After considering potential confound-
ers such as age, gender and SlI, the logistic re-
gression analysis revealed that those patients
with levels of Sl above the cut-off were more
likely to either have severe COVID-19 (adjusted
OR [95%Cl]: 2.233(1.787-2.790)) or to die dur-
ing hospitalization (adjusted OR [95%Cl]: 5.690
(3.438-9.416)). The Sll index was independently
associated with mortality in patients hospital-
ized for COVID-19.

4. DISCUSSION

Despite the fact that COVID-19 mortality risk
is undoubtedly associated with a high SlI value
[2], our ROC analysis demonstrated a mod-
est discriminating power for Sll in predicting
COVID-19 severity upon admission compared
to other studies [4-6,8,9,13], where the sensi-
tivity and specificity as well as the AUC values
were higher than in this study. Different cate-
gorization criteria for COVID-19 severity (blood
hypoxemia versus ICU admission and invasive
mechanical ventilation) suggests that Sll cannot
discriminate well disease severity at early stag-
es of the disease as the NLR parameter does
[15]. However, the discriminating power for SlI
notably improved when considering mortality
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Figure 1

ROC curves of Sll (top) and NLR (bottom) for mortality (left)
and severity (right)

0.8
0,61
=y
=
=
E 0,4+
0,24
o T T T T
0o 0z 04 (] ()] 10
1-Specificity

Mortality SII AUC (IC95%): 0.77 (0.73-0.83)
Cutoff 805. Sensitivity 80.6. Specificity 60.6 p < 0.001

0.6

Sensitivity
2

=
=
1

0.

[i1i] u:z ﬂ:-l n',u u'ﬁ 17
1 -Specificity

Mortality NLR AUC (IC95%): 0.84 (0-81-0.88)

Cutoff 3.81. Sensitivity 83.1 Specificity 70.0 p < 0.001

08

05

02

op T T T T
00 o2 o4 (13 0E 10
1 - Specificity

Severity SIl AUC (IC95%): 0.63 (0.60-0.67)
Cutoff 757.34. Sensitivity 61.2 Specificity 61.5 p < 0.001

Sensitivity

T T T T
LA 02 04 0§ 1] i
1- Specificity

Severity NLR AUC (1C95%): 0.57 (0.55-0.60)

Cutoff 2.28. Sensitivity 66.0 Specificity 48.0 p < 0.001

Page 170
eJIFCC2023Vol34No2ppl167-173



Santiago J. Ballaz, Martha Fors
Predictive value of the platelet times neutrophil-to-lymphocyte ratio for COVID-19 in-hospital mortality

Table 1

SIl (P*NIL) Median (IR)
Yes n=103
Mortality
1766.7 (884.3-3339.0)
Severe n=635
Severity
684.0 (421.7-1293.7)
NLR
Yes n=103
Mortality
9.0 (4.7-15.0)
Severe n=635
Severity
2.9 (1.8-5.5)

Median (IR) p-value*
No n=3177 <0.001

615.0 (379.7-1082.9)

Non-Severe n=2645

609.0 (376.8-1090.4) <0.001
No n=3177 <0.001
2.4 (1.5-4.3)

Non-Severe n=2645
2.4(1.5-4.3) <0.001

*Mood test (median test).

showing AUC values (0.73-0.83), which were
in line with others [5,6-8]. The Sl cut-off value
for mortality (835) was in line with previous re-
ports [2,3,12]. The sensitivity of Sl for mortality
(80.6%) was even higher to what was reported
in other studies [2,7]. This improvement of the
discriminating power of Sll for mortality may
partially be related to the ongoing increment of
platelets counts, which along with an excessive-
ly high values of NLR often shown by COVID-19
patients, might provoke coagulopathies in late
stages of the illness [16]. Although the analy-
sis of records from a single institution may be
considered a limitation, this study showed that
the Sll index at the time of admission was only

associated with COVID-19 in-hospital mortality.
Whereas a complex interaction between in-
flammation and hemostasis may be the reason
for the modest performance of Sll in the pre-
diction of severe COVID-19 [11], the index may
well be an indicator of inflammatory conditions
secondary to COVID-19 disease, which could ul-
timately precipitate death [5,12,13,16].
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ABSTRACT

Introduction

Pulmonary alveolar proteinosis (PAP) is a disease
characterized by the accumulation of lipoprotein-
aceous material in the alveoli as a consequence of de-
ficient processing of pulmonary surfactant. It is clas-
sified into primary, secondary, and congenital forms.
Primary PAP (autoimmune origin) is characterized
by the presence of antibodies against granulocyte-
macrophage colony-stimulating factor (GM-CSF),
while secondary PAP is due to multiple causes such
as exposure to certain environmental substances. We
present a case of a patient with probable mixed PAP,
primary and secondary, due to exposure at the pa-
tient’s workplace.

Case presentation

A 35-year-old male patient attends the outpatient
clinic of pulmonology due to symptoms of exertional
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dyspnea for one year. Pulmonary function tests
are performed, and the chest X-ray reveals dif-
fuse bilateral lung involvement with a ground-
glass pattern. Incision and excision lung biopsy
show findings compatible with predominant
PAP in the left lower lobe (LLL). Additionally,
a positive anti-GM-CSF antibody result is ob-
tained. The patient is treated with bronchoalve-
olar lavage (BAL) and nebulized sargramostim.
The patient shows satisfactory progress.

Discussion

The clinical, analytical, radiological, and histo-
logical manifestations were compatible with
the diagnosis of autoimmune PAP, and there
was suspicion of secondary PAP due to expo-
sure to rock wool. The role of the laboratory, in
this case, was essential for the diagnostic confir-
mation of PAP by performing the determination
of anti-GM-CSF antibodies.

00 0% o% o% <%
0’0 0’0 0’0 0.0 0.0

INTRODUCTION

Pulmonary alveolar proteinosis (PAP) is a rare
diffuse interstitial disease characterized by ex-
cessive accumulation of lipoproteinaceous ma-
terial derived from pulmonary surfactant in the
alveolar spaces and terminal bronchioles, which
can range from asymptomatic to severe respira-
tory failure (1).

In all its forms, the physiopathological substrate
lies in the accumulation of surfactant in the al-
veolar spaces due to deficient activity in its pro-
cessing by macrophages. GM-CSF is necessary
for the final differentiation and maturation of
alveolar macrophages (2).

PAP is classified into three types: primary (au-
toimmune), secondary, and congenital. The
mechanisms that lead to macrophage dysfunc-
tion differ in each clinical form.

The primary or idiopathic variant (PAPi) is the
most common form, accounting for up to 90%
of cases. This clinical form is characterized by
the presence of neutralizing 1gG antibodies
against granulocyte-macrophage colony-stim-
ulating factor (anti-GM-CSF), which blocks the
bioactivity of GM-CSF in vivo (3). These antibod-
ies against GM-CSF affect the terminal differen-
tiation of macrophages and, therefore, prevent
the growth of these cells that are responsible
for eliminating surfactant in the lungs (4).

Secondary forms are associated with hematolog-
ical disorders or diseases (myelodysplastic syn-
dromes, monoclonal gammopathies, leukemias,
lymphomas), non-hematological neoplastic dis-
eases, immunodeficiencies, chronic inflamma-
tory syndromes, infections (Mycobacterium tu-
berculosis, Nocardia, Pneumocystis jirovecii), or
exposure to various environmental substances
such as silica, aluminum, titanium, or some fer-
tilizers (5).

In the case of congenital PAP, the problem is as-
sociated with recessive anomalies in the gene
that codes for the a (CSF2RA) and B (CSF2RB)
chains of the GM-CSF receptor (6). It can also be
secondary to mutation of GM-CSF or mutations
in genes that code for surfactant proteins B (SP-
B), C (SP-C) (7) and mutation of the ATP-Binding
Cassette transporter A3 (ABCA3) (8).

Next, we describe a case of mixed PAP, of both
primary and possibly secondary origin, that oc-
curred in our hospital.

CASE REPORT

A 35-year-old male with a history of smoking
since he was 16 years old (8-10 cigarettes/day)
and employed for about 2 years in a fireproofing
company processing paint and rock wool (mate-
rial with high silica content). The patient reports
working with machines that grind rock wool
and project dust, so exposure to this material
is constant. He also reports previous episodes
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of rhinorrhea with the expulsion of black soot
for two days. He has been experiencing exer-
tional dyspnea for a year and a weight loss of
6 kg during this period. Subsequently, due to
exacerbation of dyspnea and respiratory diffi-
culty, he was referred to external pulmonology
consultations. He has no other relevant medical
history, does not have pets, nor does he engage
in related activities.

On physical examination, he presented with a
blood pressure of 121/79 mmHg, heart rate of
84 bpm, arterial blood gas with an 02 saturation
of 92%, and an inspired oxygen fraction (FiO2)
of 0.21. Additionally, exertional dyspnea was
identified without cough, expectoration, fever,
or thermal sensation, and no orthopnea. The
patient reports occasional apneas with some
asphyctic awakenings. The tests to evaluate
the respiratory function, including forced vital
capacity (FVC), forced expiratory volume in the
first second (FEV1), and FEV1/FVC ratio were
normal. On laboratory analysis, increased levels
of lactate dehydrogenase (LDH) of 530 mg/dL
(RI: 210-425 mg/dL) and angiotensin convert-
ing enzyme (ACE) of 75 U/L (RI: 20-70 U/L) were
observed. The chest X-ray and high-resolution
computed tomography (HRCT) revealed diffuse
bilateral lung involvement with a ground-glass
pattern and smooth thickening of the interlobu-
lar septa, adopting a paving stone pattern with
a tendency to consolidation in the posterior re-
gion of the middle third of the left inferior lobe
Figures 1 and 2.

The rest of the blood and urine tests were nor-
mal, including complete blood count, coagulation,
antinuclear antibodies (ANA), and antineutro-
phil cytoplasmic antibodies (ANCA), complete
biochemistry with liver, renal, and bone me-
tabolism functions. Moreover, microbiological
results were negative for Gram staining, fun-
gal cultures, and PCR for Adenovirus (A, B, C,
D, and E), Parainfluenza virus (1, 2, 3, and 4),
Rhinovirus (A, B, and C), Influenza A and B virus-

es, Metapneumovirus, Aspergillus, Pneumocystis
jirovecii, and Mycobacteria.

With these findings, a differential diagnosis
was raised between: alveolar proteinosis (pri-
mary or secondary to rock wool inhalation)
as the first possibility, or less likely sarcoid-
osis (no lymph node or pleural involvement),
lipoid pneumonia (no areas of fatty density ob-
served, and the involvement was extensive),
infectious origin (bacterial, viral, and P. jiroveci
cultures were negative), or bronchioalveolar
carcinoma.

After discussing the case with the immunology
service, determination of anti-GM-CSF antibod-
ies was requested due to suspicion of primary
PAP, and the results were positive with a figure
of 8.2 U/mL (RIl: <5 U/mL). The determination
of anti-GM-CSF antibodies was performed using
a ClinMax™ Human GM-CSF Quantitative ELISA
kit, which is a standard sandwich immunoassay
designed to quantify GM-CSF present in com-
plex biological matrices such as human serum,
plasma, and buffer solution. Additionally, the
patient underwent a transbronchial biopsy in
the left inferior lobe, and the samples were sent
to the Pathology Department. The histological
studies of the lung biopsy confirmed the diag-
nosis of PAP.

Based on the clinical, analytical, radiological,
and anatomopathological findings, the patient
was diagnosed with primary pulmonary al-
veolar proteinosis (PAP). The secondary origin
could not be demonstrated due to the absence
of previous sera to determine anti-GM-CSF
concentrations. Combined treatment was de-
cided upon, consisting of bronchoalveolar la-
vage (BAL) techniques along with nebulized sar-
gramostim administration.

DISCUSSION

Pulmonary alveolar proteinosis (PAP) was for-
merly called Rosen Castleman Liebow syndrome,
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Figure 1 Chest X-ray (1.A and 1.B) showing bilateral and diffuse lung involvement

Figure 1.A

Figure 1.B
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Figure 2

Figure 2.A

Figure 2.B
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in honor of the authors of a publication of a se-
ries of 27 cases in 1958 that described pulmo-
nary infiltrates of proteinaceous material and
PAS-positive respiratory specimens (9).

This disease has an estimated incidence of 0.2-
0.4 cases per million people per year and a
worldwide prevalence of nearly seven cases per
million people (10). It usually presents between
the third and sixth decades of life.

It is a heterogeneous entity, characterized by
productive or dry cough, dyspnea, fever, fatigue,
and chest pain. Additionally, it can be associ-
ated with polycythemia, hypergammaglobu-
linemia, elevated LDH, elevated tumor markers
(CEA, CA 19.9), as well as the presence of serum
antibodies (anti-GM-CSF), both in serum and in
BAL in the case of primary PAP (1). Its clinical
course is variable and ranges from spontaneous
resolution to death from infections or progres-
sive respiratory failure (11).

The diagnosis includes clinical evaluation, re-
spiratory function tests, HRCT, determination of
anti-GM-CSF autoantibody levels, and genetic
testing.

Regarding treatment, BAL is currently the gold
standard, although the therapeutic approach
will depend on the diagnosis and severity of the
disease (12).

The detection of high levels of type IgG anti-
GM-CSF antibodies by latex agglutination or
ELISA techniques in peripheral blood and BAL
(13) is currently accepted as a useful tool in the
diagnosis of PAPi, with a sensitivity of 100% and
a specificity of 98%. Levels above 5 U/mL are
consistent with the diagnosis, even in asymp-
tomatic phases. Its knowledge has also guided
the development of new treatment strategies
for PAPi, such as the administration of this cyto-
kine exogenously, as an alternative or comple-
mentary therapy to BAL.

The applicability of anti-GM-CSF in monitor-
ing and as a marker of treatment response is
still under discussion. A possible correlation
between anti-GM-CSF antibody titers and the
extent of the disease has been sought, but the
studies carried out have yielded contradictory
results (14).

On the other hand, it has been seen that the
inhalation of industrial dust, especially silica, ti-
tanium, and aluminum, induces the appearance
of autoantibodies associated with rheumatoid
arthritis, systemic lupus erythematosus, sclero-
derma, and glomerulonephritis. In the case of
PAP, it could be considered that occupational
inhalation of dust induced the appearance of
anti-GM-CSF antibodies, but such an associa-
tion is not clear, as there are Japanese studies of
patients exposed to industrial dust who develop
PAP but without the presence of anti-GM-CSF
antibodies (15).

In conclusion, PAP is a rare disease that often
poses diagnostic difficulties and, in many cases,
requires confirmation through lung biopsy to
obtain a definitive diagnosis. With the available
scientific evidence, the determination of anti-
GM-CSF antibodies has proven to be a useful
tool in the diagnosis of PAPi, and its involve-
ment in the long-term monitoring of anti-GM-
CSF serum levels could clarify its usefulness as
an early detector of recurrences and would al-
low for individualized values and cutoff points
preceding the establishment of clinical symp-
toms, although studies need to be continued to
corroborate this.

TAKE-HOME MESSAGES

¢ Importance of clinical laboratory in deter-
mining anti-GM-CSF as a confirmatory meth-
od for primary PAP.

e Different types of PAP lead to the accumula-
tion of pulmonary surfactant and dysfunc-
tion of macrophages.
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e PAP is a rare disease that can present with
an asymptomatic clinical picture or progress
to respiratory failure.

e Importance of using BAL as the treatment of
choice in patients with PAP.
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ABSTRACT

Vitamin B12 deficiency may cause neurological and
hematological alterations. Its assessment should be
easy considering that the access to its measurement
is available in majority of the clinical laboratories.
The presence of technical interference when measur-
ing vitamin B12 can lead to an erroneous or a more
difficult diagnosis of conditions as pernicious ane-
mia. We report a case in which an interference in the
evaluation of vitamin B12 concentration led to the
realization of invasive tests and almost a misdiagno-
sis of a patient who actually had pernicious anemia.
Professionals need to be aware of these interferenc-
es when we assess outcomes.
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INTRODUCTION

Vitamin B12, or cobalamin, is an essential co-
factor that takes part in methylation reactions
related to DNA and cell metabolism, such as
conversion of methylmalonyl-CoA (MMA) to
succinyl-CoA and synthesis of methionine. It is
a water-soluble vitamin, which is mostly pres-
ent in foods of animal origin. Clinical signs of
cobalamin deficiency are associated with neu-
rological and hematological symptoms includ-
ing paresthesia, ataxia, weakness, anemia and
pancytopenia (1).

One of the causes of cobalamin deficiency is
linked to its malabsorption. Once the cobal-
amin is ingested, it is absorbed in the ileum
thanks to the intrinsic factor, which is bound
to it and is secreted in the gastric juice by the
parietal cells. Intrinsic factor is required for
absorption of vitamin B12. There are different
causes that can explain this malabsorption,
like gastrectomy, surgical resections, and a va-
riety of bacterial or inflammatory diseases af-
fecting the small intestine. However, the most
common cause is a defect in the secretion of
intrinsic factor due to the presence of autoan-
tibodies, either because of antibodies to pari-
etal cells or to the intrinsic factor itself, result-
ing in an inadequate vitamin B12 absorption
from foods. This condition is called pernicious
anemia. The prevalence of pernicious anemia
is 0.1% in the general population and 2-3% in
individuals over the age of 65 (female:male ra-
tio ~ 2:1) (2).

Vitamin B12 could be measured by different
methods, based on competitive binding im-
munoenzymatic assays (Figure 1). In our labo-
ratory, the determination of Vitamin B12 was
done by Access Vitamin B12 assay (Beckman
Coulter) (Figure 1A). It has an initial dena-
turation step that inactivates intrinsic factor
blocking antibodies that can be present in
the patient’s serum. Approximately 50% of

patients with pernicious anemia have these
anti-intrinsic factor antibodies. The vitamin
B12 present in the sample binds to the in-
trinsic factor-alkaline phosphatase conjugate,
preventing the conjugate from binding to the
solid phase anti-intrinsic factor. The chemilu-
minescent substrate is added to the vessel and
light generated by the reaction is measured
with a luminometer. The amount of light is the
result of the reaction produced by the non-vi-
tamin B12 binded conjugate bound to the solid
phase, and is inversely proportional to the con-
centration of vitamin B12 concentration in the
sample.

Even though the demonstration of vitamin B12
deficiency is one of the main aspect for the
diagnosis, it has been proved that measuring
serum vitamin B12 level alone is not sufficient
to diagnose the deficiency and its sensitivity
is questionable. This is caused by an analytical
interference in the vitamin B12 measurement
that has been reported in various publications
(3-5). Therefore, the evaluation of MMA and
homocysteine levels, as functional biomarkers
of vitamin B12 deficiency, is recommended to
evaluate the diagnosis (6).

We report a case in which the diagnosis of per-
nicious anemia was complicated due to an er-
roneous result in the measurement of vitamin
B12 that made the diagnosis more difficult and
led to indication of more diagnostic tests and a
possible misdiagnosis.

CLINICAL - DIAGNOSTIC CASE

An 86-year-old woman with antecedents of ar-
terial hypertension, type-Il diabetes mellitus
and paroxysmal atrial fibrillation, was referred
for a hematological evaluation due to macro-
cytic anemia and leukopenia. The analytical
results obtained were: leukocytes 3.71 x 10°/L
[reference range (RR): 4.8-10.8], red blood cells
2.6 x 10*?/L [RR: 4-5.4], hemoglobin 107 g/L
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Figure 1 Comparing different methods for vitamin B12 measurement:
A) Access Vitamin B12 assay by Beckman Coulter®. It represents a chemi-
luminescent immunoassay based on the binding of the conjugate to solid
phase anti-intrinsic factor. The light production is inversely proportional to

the concentration of vitamin B12 in the sample.

B) Vitamin B12 assay by cobas Roche®. It represents an electrochemilu-
minescence immunoassay based on biotin-streptavidin binding. The light
production is inversely proportional to the concentration of vitamin B12 in
the sample.
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[RR: 120-160], MCV 116 fL [RR: 80-100], MCH
41.2 pg [RR: 26-34], vitamin B12 269 pmol/L
[RR: 133-675] and folic acid >53 nmol/L [RR:
7-41.5]. The most probable diagnosis would be
megaloblastic anemia as a result of cobalamin
or folic acid deficiency, but since no such defi-
ciency was observed, these results suggested
a low-risk myelodysplastic syndrome, and a
check-up was performed after three months.
These new results showed a clinical deteriora-
tion with significant asthenia: leukocytes 3.8
x 10°/L [RR: 4.8-10.8], hemoglobin 95 g/L [RR:
120-160], MCV 128 fL [RR: 80-100], and low re-
ticulocytes. A bone-marrow aspirate and a bi-
opsy were performed because of a suspicion of
a bone-marrow insufficiency. The bone-marrow
study did not reveal any dysplastic features in
any hematological series, but manifested meg-
aloblastic features (Figure 2A): red blood cells
and their progenitors were macrocytic and we
could observe several mitosis and vacuoles,

Figure 2

Howell-Jolly bodies, some binucleated cells and
0.89 % of blasts. Cytomorphology of peripheral
blood (Figure 2B) also suggested a megaloblas-
tic anemia (macroovalocytes and hyperseg-
mented neutrophils) but with the discordance
of non-decreased values of vitamin B12 or folic
acid. In addition, the patient had a polyclonal
increase of immunoglobulins and, in order to
establish a clear diagnosis, the laboratory spe-
cialists started to consider a technical interfer-
ence, initially due to this high titer of immuno-
globulins. Therefore, serum immunoglobulins
were precipitated by adding polyethylene glycol
(PEG) in a 1:1 dilution with serum, after which
vitamin B12 was measured again, showing a
lower level below the reference value (Table
1). With this high suspicion of a megaloblas-
tic anemia and a very possible interference,
a measurement of autoantibodies to intrin-
sic factor and parietal cells, MMA, homocys-
teine and the evaluation of vitamin B12 was

A) Bone marrow aspirate with megaloblastic features: macrocytic red blood

cells and its progenitors (a), giant band neutrophils (b), hypersegmented
neutrophils (c) and mitosis (d). 1000x, May-Griinwald-Giemsa stain.

B) Peripheral blood suggesting a megaloblastic anemia: macroovalocytes
(e) and a hypersegmented neutrophil (f). 1000x, May-Grinwald-Giemsa

stain.
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performed in another clinical laboratory with
a different analytical method (electrochemi-
luminescence immunoassay “ECLIA” at Cobas
e of Roche®) (Table 1, Table 2).

These new results confirmed vitamin B12 de-
ficiency, which was not evident with our ana-
lytical method, because of the presence of an-
tibodies to the intrinsic factor. The patient was
treated with cianocobalamine (Optovite B12°)

Table 1
and/or pretreatments

Equipment

UniCel DxI 800 Beckman Coulter ®

UniCel DxI 800 Beckman Coulter ® (1:1 dilution with PEG)

cobas e 601 Roche ©

and she was reevaluated revealing clinical and
analytical improvement.

DISCUSSION

The deficiency of vitamin B12 is relatively com-
mon and it may result in a variety of clinical
symptoms (1). In case of a severe deficiency,
it can present as bone marrow suppression re-
sulting in anemia, neutropenia and/or throm-
bocytopenia. Its demonstration should be easy,

Test results for vitamin B12 evaluation by different techniques

Vitamin B12 result
269 pmol/L
<37 pmol/L

37 pmol/L

Table 2

Test results for the diagnosis of pernicious anemia*

Vitamin B12
Homocysteine
Methyl-malonic acid (MMA)

Antibodies to intrinsic factor

Antibodies to parietal cells

Result Reference range
37 pmol/L 133 -675
100.84 umol/L 43-11.1
13.7 umol/L 0.08-0.56
>600 U/mL 0-7
negative

* Vitamin B12 measured by an electrochemiluminescence immunoassay in a cobas 6 601 Roche® homocysteine
measured by immunoturbidimetry, MMA measured by mass spectrometry, antibodies to intrinsic factor measured by
fluoroenzyme immunoassay and antibodies to parietal cells determined by indirect immunofiuorescence. Reference

ranges are provided.
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because it is a routine parameter that can be
measured in the majority of clinical laborato-
ries, but this may not always be the case.

In very rare cases, during the pretreatment and
measurement of vitamin B12, certain samples
may not be inactivated because of the heteroge-
neity or extremely high titer of the anti-intrinsic
factor antibodies. Such interfering autoantibod-
ies may give erroneous results, as we have seen
in the reported case. This situation has been de-
scribed in other cases or studies and associated
with different analyzers (5). This fact is most
probably due to an ineffective inactivation of
interfering anti-intrinsic factor auto-antibodies
and its binding to the conjugate, although it can
also be produced by other immunoglobulins.

This interference can have an important impact
for both diagnosis and treatment. We report a
case in which the suspicion of a pernicious ane-
mia that cannot be confirmed has revealed a
significant interference. It causes falsely high or
normal levels of vitamin B12 in a patient with an
actual deficiency. The deficiency could not be
proved and the diagnosis was oriented as a pos-
sible myelodysplastic syndrome, even requiring
a bone marrow study to confirm the pathology.
We think that it is important for laboratory and
clinical specialists to be aware of this interfer-
ence or technical limitation. Patients should
be given a further assessment if they are sus-
pected of having these auto-antibodies or if the
results of vitamin B12 conflict with other clinical
or laboratory findings. This must be taken into
consideration and confirmed by additional tests
prior to performing invasive procedures such as
bone marrow aspiration or initiating treatment.
We suggest evaluating the presence of anti-
intrinsic factor antibodies, given the possibility
of this technical interference. As we discussed
above, it is necessary to use metabolic tests
such as the measurement of homocysteine and/
or MMA in patients strongly suspected to have
a pernicious anemia without a low cobalamin

level (6). It is said that these parameters should
always accompany cobalamin concentration, or
the performance of the evaluation of vitamin
B12 with other techniques, like mass spectrom-
etry, although it is not available in the majority
of the laboratories yet.

TAKE HOME MESSAGES /
LEARNING POINTS

e Laboratory specialists play a key role in the
detection of technical interferences during
the evaluation of some parameters, espe-
cially in immunoassays.

e A misdiagnosis of a pernicious anemia could
raise suspicion of a hematological disease,
which may lead to invasive diagnostic pro-
cedures and treatment that are unneces-
sary for the patient.

e The measurement of homocysteine and
MMA, together with vitamin B12 concen-
tration, is highly recommended if we have a
suspicion of pernicious anemia.
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