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ABSTRACT

Background: The impact of false negative HIV results in the clinical decision is a major concern, principally in the blood, cells,
and tissues banks due to the high risk of post-transfusion/post-transplant infection. The use of the “gray zone” in medical
laboratory tests is not systematically used. Thus, it is up to the laboratory to decide on its use. This text analyses a model to

determine the “gray zone” based on the Guide to the expression of uncertainty in measurement and using experimental data.

Materials and methods: Usually, the selected decision limit relies on a theoretical zone. Nevertheless, an empirical “gray
zone” could be computed established on data already available in the medical laboratory offering a more realistic interval.
An empirical model conforming to the “Uncertainty Approach” principles using intra-laboratory method is applied using
short-term and long-term data.

Results and discussion: The expanded measurement uncertainty of the combination of the within-laboratory uncertainty
and the bias uncertainty is 14% and 23% on the short-term and long-term, respectively. The impact of the indeterminate
results of true negatives is non-significant (0.04%) to the budget.

Conclusions: The use of a “gray zone” based on HIV experimental data should be classified as a good laboratory practice,

contributing to decreasing the residual risk related to post-transfusion and post-transplant infection.
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INTRODUCTION

A screening test is recognized as a technique “used to evaluate
large populations of individuals for the presence of a disease or
analyte” [1, 2]. The physician interprets the HIV result tested
in a screening immunoassay as the in vivo condition/true re-
sult. Based on this result a clinical decision is taken. However,
there is a chance for some binary results (positive/negative) in
medical laboratory tests to be false. This situation represents a
serious risk of incorrect clinical decision with impact on the pa-
tient safety. This could also be viewed not only at healthcare but
also at other stages, such as on the validation of components in
human blood components, cells, and tissues banks [3, 4]. The
risk to the customer significantly increases in these banks when
compared to a hospital laboratory where typically negative re-

sults from individuals in groups of risk are retested on a second

collection due to the chance of a seroconversion window pe-
riod occurs. On the banks’ scenario, the collection of a second
sample occurs only on the vigilance and surveillance when a
post-transfusion or post-transplant infection is reported, so,
it is not related directly to post-transfusion or post-transplant
infection safety but indirectly with the corrective actions/pre-
ventive actions (CAPA) development.

Let consider a result equal to the cutoff and the condition:
positive if equal or higher than the cutoff. In this case, a true
positive result of a Gaussian distribution is 50% false negative
in an infinite number of determinations. It could be interpret-
ed that true positive results close to the decision value have
a significant statistical chance to be classified as false. The

“gray zone” is understood as the area around the cutoff where
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numerical results are classified as indeterminate [5]. Further
testing is required to a final classification. In this condition,
the numerical results have a trinary classification: positive/in-
determinate/negative [6]. Adopting the ratio of the screening
immunoassays s/co as the expression of the division of the
sample raw data (s) by the cutoff (co): negative results are
those with an s/co lower than the cutoff (1 s/co) minus the
“gray zone”, indeterminate are those in the “gray zone”, and
positive those equal or higher than the cutoff. Therefore, it is
well recognized that the use of a “gray zone” in the classifica-
tion of screening immunoassays results reduces the chance of
positive samples with low concentrations of measurand to be
classified as negative. The numerical results in the “gray zone”
are presumed to be sporadic principally in tests with high di-
agnostic sensitivity.

Currently, the use of the “gray zone” in screening immuno-
assays is not systematically required to classify the numerical
results in an ordinal scale in commercial tests. Its use is also
not claimed by ISO 15189, intended to the accreditation of
medical laboratory tests [7]. Probably, the manufacturer in-
terprets the “gray zone” importance as minor to tests highly
reactive to weak concentrations of measurand (antibodies
and or antigens tested under stable laboratory conditions),
and poorly reactive when the measurand is absent. Neverthe-
less, the impact of wrong medical decisions has a strong social
impact, principally when related to the post-transfusion/post-

transplant infection [8].

This text analyses a model to determine the “gray zone” ac-
cording to the Guide to the expression of uncertainty in mea-
surement (GUM) principles [9]. A case study is presented and
discussed to an easier understand of the empirical “gray zone”
determination based on short-term and long-term data.

MATERIALS AND METHODS

Pereira et al. proposed an approach for computing the “gray
zone” based on the measurement uncertainty of results close
to the cutoff covering the whole analytical process [6]. It pools
the within-laboratory reproducibility standard deviation s_
and the bias uncertainty u, in the combined standard uncer-
tainty u_as follows [10, 11]:

srw=(s:> 1) (eq.1)

The s, is the product of the square root of the sum of the
squares of the repeatability standard deviation s_and the in-

termediate standard deviation s,.

The authors suggest to calculate using one of the following
single laboratory empirical approaches by means of method

validation data:

(a) s, should be determined in a new test according to the

R

Clinical Laboratory and Standards Institute (CLSI) EP15 (short-
term data combining reproducibility and repeatability esti-
mates) [12]. Or; (b) it should be calculated using data from
between-run variation, as soon as long-term internal quality
control results are available. s, is computed pooling the re-
peatability standard deviation s_from replicate measurements
and the intermediate standard deviation s, from between runs

as follows:
SRW=(sr?+s12)Y/? (eq.2)
Bias uncertainty is computed as follows [10, 11]:
ub=(b2+(sb/m1/2)2+u(cref))1/2 (eq.3)

where b is the bias, the mean deviation of results from the
corresponding reference value, s, is the standard deviation of

the bias measurement, u(c ) is the standard uncertainty of

ref!

the certified reference value, and m is the number of replicate

measurements.

The interlaboratory comparison approach is not suggested
since the screening immunoassays are not standardized for
what precision data are not available from an Appendix, as it
is usually to standardize methods [13]. These data are howev-
er not yet available to screening immunoassays. The external
quality assessment/proficiency testing model should not be
used due to the heterogeneity of the participants of labora-
tories’ group contribute significantly to the overestimation of
measurement uncertainty/unrealistic indeterminate zone [6].

The “gray zone” is calculated agreeing to the EURACHEM/
CITAC [14]. This guideline considers two zones: (1) Results are
classified as reactive in the “rejection zone,” and (2) classified
as negatives in the “acceptance zone.” The intersection be-
tween these zones is known as the “decision limit,” computed

as follows:

1-1.65u, (eq.4)
where 1 is the cutoff ratio constant, 1.65 is the z-value at the
95% confidence interval, and u_is the combined standard un-
certainty. A Gaussian distribution and an adequate n are as-
sumed. Further details about this methodology can be found

elsewhere [15].

RESULTS

Human serum or plasma samples are tested on Prism® HIV
Ag/Ab Combo (Abbott Diagnostics, Abbott Park, IL, USA) [16].
This test is an in vitro two-step sandwich chemiluminescent
immunoassay for the measurement of the concentration of
antibodies to the Human Immunodeficiency Virus (HIV) type
1 (HIV-1) and/or type 2 (HIV-2) and/or HIV p24 antigen. Anti-
bodies and antigen could be detected in serum or plasma of
infected subjects with HIV. The Prism® HIV Ag/Ab Combo test
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uses microparticles coated with recombinant HIV-1/HIV-2 an-
tigen and monoclonal HIV p24 antibody as a solid phase which
binds possible HIV antibodies and/or antigen present. After
incubation and a washing step, acridinium labeled conjugates,
HIV-1 synthetic peptide, and HIV p24 antibodies are added.
The presence of complexes is measured by addition of an alka-
line hydrogen peroxide solution. The chemiluminescent signal
is proportional to the concentration of the anti-HIV-1 and/or
anti-HIV-2 antibodies and/or HIV p24 antigen present in the
sample. Determining the concentration of the anti-HIV-1/
anti-HIV-2 antibodies and/or HIV p24 antigen is however pri-
marily a screening to classify a blood donor as HIV-infected or
not. The test is calibrated using some plasma samples from
persons not infected with HIV as negative controls and some
plasma samples from patients infected with HIV as positive
controls. The reagent manufacturer defines a procedure for
computing the “cut-off” value - interpreted as the clinical deci-
sion level - for the number of emitted photons between posi-

tives and negatives.
This demonstration uses short-term and long-term data scenarios

Short-term data

This is a new test scenario where the long-term data is un-
available. The indeterminate standard deviation is computed
using a diluted positive human sample. The precision is cal-
culated according to the CLSI EP15-A3 by one-way analysis of
variance method [12]. Five replicates are tested during five
days. Each day corresponds to an analytical run. The average
is 1.63, the standard deviation is 0.09, and the coefficient of
variation percentage is 5.59%. The repeatability standard de-
viation is 5.48%, lower than the between-run coefficient of
variation (1.10%). Note that these estimates are significantly
influenced by the replicates variance and by the variance of

the replicates average, respectively.

Bias uncertainty ub is determined between two laborato-
ries of the Portuguese Institute of Blood and Transplantation
(IPST) using the batch 116406 of Accurun® 1 Series 2400. Bias
is 4.55% calculated with results from March 23. 2010, to June
11,2011  (mLav1=288, X=2.64; nra,»=264, x=2.76). Usually,
the certified reference materials are unavailable to screening

tests. Thus, the u(cref) is zero.

Long-term data

This is a routine test scenario where the long-term data is
already available.The indeterminate standard deviation is
computed using internal quality control data from March 23,
2010, to October 25, 2011. One Accurun® 1 Series 2400 Multi-
Marker Positive Control (Seracare Life Sciences Inc., Milford,
MA, USA) batch is tested (116406) [17]. The number of deter-
minations is 348, an average of 2.62, the standard deviation
of 0.25, and coefficient of variation percentage of 9.49%. The
repeatability standard deviation is measured from replicate
measurements of samples having a ratio from 0.8 to 1.2 taken
from the previous sampling (4.62%). The within-lab reproduc-
ibility uncertainty is 10.55%. Bias component is the same than
in the short-term data case. Bias component is calculated as
the one in the short-term data case.

The measurement uncertainty is computed with the freeware
MUKit v.1.9.5.0 (Finnish Environment Institute (SYKE), Helsin-
ki, Finland) in compliance to [11, 18]. The computed expanded
standard uncertainty is 14% on short-term and is 23% with
long-term conditions. Therefore, the “decision limit” is equal
to the product of 1.65 multiplied by the combined standard
uncertainty: 11.69% on short-term and 12.09% with a long-
term condition. Consequently and correspondingly, results
between 0.88 and one and between 0.81 and one are classi-
fied as indeterminate. See (Table 1) for a summarization of the

uncertainty components and combined estimate.

Table 1: Measurement Uncertainty for the Prism® HIV Ag/Ab Combo (Abbott Diagnostics, Abbott Park, IL, USA).

Within-lab reproducibility uRw

Bias uncertainty

Combined k
uncertainty

Expanded
uncertainty

Intralaboratory | srtt sl sRw ub* uc u
method

Short-term* 5.48% 1.00% 5.59% 4.36% 7.09% 2 14%
Long-term¥ 4.62% 9.49% 10.55% 4.36% 11.42% 2 23%

t CLSI EP15-A3 method (one-way analysis of variance)

¥ NordTest TR 537 3.1th ed. method (control sample and routine samples replicates)

t1 routine sample replicates
¥1 control sample; between-run

* certified reference material/control sample; the standard uncertainty of the certified concentration is assumed to be zero

since it is unknown/unavailability of a certified reference material
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DISCUSSION

The selection of the model to estimate the measurement un-
certainty consider if the test is new in the med lab/a short-
term method is used, or the test is implemented, and long-
term data is obtainable. Note that the use of short-term model
misestimates the measurement uncertainty and the “gray
zone.” In some situations, bias remains unknown for what is

assumed to be zero, also contributing for misestimating.

The impact of the indeterminate results is an associated issue
that should be evaluated. Hypothetically, screening tests with
high analytical sensitivity, i.e., high “quotient of the change in
an indication and the corresponding change in the value of a
quantity being measured”, have a lower chance to have weak
s/co from true positive samples in the indeterminate zone
[19]. Let consider the plasma samples of blood donors tested
from September 27, 2014, to November 11, 2014, in the IPST
and the long-term case (worst scenario). The number of blood
donors’ samples tested is 10,132. The number of non-reactive
results is 10,046 (99.15%), and the number of the reactive
results is 14 (0.14%), as predictable in blood donors popula-
tions. The number of non-reactive results with indeterminate
results is 3 (0.04%). All the samples in this interval are repeat-
edly indeterminate and negative in the confirmatory scheme.
Allegedly, based on this test and sampling, the impact of the
“gray zone” on the budget is minor. Otherwise, the impact of
a false negative result in a blood bank is critical. The laborato-
rian could research the chance to occur indeterminate results

using the delta-value method; see [20].

The decision limit could be easily placed on the laboratory in-
formation management system (LIMS), contributing rationally
to an enhancement of the capability to minimize the false-
negative results in the seronegative samples of infected indi-
viduals. Pereira et al. proposes a definition to window period
considering the effect of “gray zone” on the estimate: “the
window period for a test designed to detect a specific disease
(particularly an infectious disease) is the time between the
first day of infection and the day when the test result cannot
reliably rule out the possibility of infection (due to indetermi-

nate results)” [20].

Pereira suggested an alternative method compute the “gray
zone” based on the “Error Approach” (Annex D.5 of [9, 21])
instead “Uncertainty Approach” (Annex D.4 of [9]) using the
total analytical error (TAE) [22]. Using the TAE instead of the
measurement uncertainty, the uncertainty results are system-

atically overestimated. When bias is unknown, both outcomes
are not significantly different.

CONCLUSIONS

It is suggested the use of a “gray zone” primary based on ex-
perimental data. Initially, short-term data could be tested. For

instance, to a new test. As soon as long-term data is available,
the “gray zone” should be retested increasing the reliability
of the estimate. The “gray zone” practice decreases the re-
sidual risk related principally to post-transfusion infection in
the blood, cells, and tissues banks since part of samples in
window period have a higher chance not to be classified as
negative. Its empirical computation should be recognized as a

good laboratory practice.
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