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Abstract

Commercially available monoclonal, goat and human
Lewis antisera (Le?, Leb) were evaluated for red cell
phenotyping of Polynesians. These antisera did not always
give concordant phenotypes when tested in parrallel. No
single anti-Le® reagent could detect all the Le® antigens
defined by either of the three antisera used, suggesting that
no single antisera was capable of accurate Lewis
phenotyping >f Polynesians. Monoclonal anti-Le® failed to
react with many of the Le(a+b+) samples although it did
consistently detect the Leb antigen in Le (a-b+) samples
indicating a clear specificity for this antigen. Score results
indicated that the non detection of Leb in Le(a+b+) samples
could not entirely be attributed to a lower titre of the
monoclonal anti-Leb. These results suggest there may be an
Leb epitope common to all Polynesian Le(a-b+) individuals
but not common to all Le(a+b+) individuals.

It is proposed that some Polynesians have an Leb antigen
with a structural difference in the recognition area, a
difference that is reactive {at least partially) with polyclonal
sera but not recognised by monoclonal sera.

Key words
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Introduction

Most antibodies in man and animals are heterogeneous
mixtures of molecules with similar but not identical
specificities. These polyclonal antibodies probably react with
many different epitopes on the same antigen. In contrast
monoclonal antibodies by the nature of their preparation will
recognise only a single epitope of the muitiple epitopes
carried on some blood group antigens. With the introduction
of monoclonal antibodies into routine immunohaematology
several different monoclonal antibodies have revealed
variance in their ability to detect antigens defined by
polyclonal sera. These include a monoclonal anti-M that
undiluted, reacts with M negative red cells [1], the detection
rate of weak ABQO variants [2] and recognition of different
epitopes of the Gerbich antigen [3].

Lewis antigens are well defined oligosaccharide structures
built on common precursor chains and involving the
interaction of the Le and Se genes {4]. Detection of these
antigens is generally made using saline reactive human or
goat reagents, and more recently monoclonal reagents.

Inrecent years, the Lewis system has become increasingly
important in the field of renal transplantation [5-7] and colonic
carcinoma [8]. As the incidence of renal disease is high in
Polynesians [9,10], and because the frequency of Lewis
phenotypes in Polynesians appear to differ from those of
Europeans [11] a survey was undertaken to establish the
reliability of monoclonal, goat and human sera in determining
Polynesian Lewis phenotypes.

Materials an. Methods

Samples

Blood samples were obtained over a period of 3 months
from Polynesian (Pacific Islanders and Maoris) blood donors
resident in the North Island, New Zealand. All Polynesians
were first identified by sight and only those predominantly of

polynesian ancestry were accepted for this study. The ethnic
distribution for the 108 samples was 57 Maoris, 35 Samoans,
7 Cook Islanders, 5 Tongans and 4 Niueans. Samples for
controls were collected from 85 predominantly non group O
European blood donors. The ABO distribution for these
control samples was 13 group O, 46 group A, 21 group B and
5 group AB.

Approximately seven millilitres of venous blood was
collected into 1mL of citrate phosphate dexirose
anticoagulant (Becton Dickson, Rutherford, NJ). Blood
samples were stored at 4°C and phenotyped within 3 days of
collection.

Saliva was obtained from 102 of these Polynesians,
processed and tested as described elsewhere [12].

Antisera

Mouse monoclonal anti-Le2 (111037), anti-Le? (113057)
and human anti-Le2 (111057) and anti-Le? (111047) were
supplied by Biotest (Frankfurt, WG). Anti-Lea (LA346A1) and
anti-Le® (LB544A2) of goat origin were supplied by Ortho
Diagnostic Systems (Raritan, NJ).

Human ABO antisera were supplied by Biological
Laboratories Ltd., Auckland, N.Z.

All testing was carried out by the manufacturers
recommended methods and appropriate controls were used
at all stages. Agglutination reactions were read with a 10 X
magnification eyepiece and scored by the numerical system
of Marsh[13} (12 = ++++ 10 =+++ 8=++ 5=+ 3+ 2 = w,
0 = no agglutination).

Anti-Le? inhibition Study

The ability of Ortho goat anti-Leb (LB545A3) to detect the
Le(a+b+) phenotype after inhibition of anti-LebH activity with
group O Le(a-b-) secretor saliva [14] was tested. Five
hundred microlitres of saliva from a Caucasian group O Le
(a-b-) secretor was added to a 2mL aliguot of anti-Le® (Test).
A dilution control using 500 uL of saline {group O Le(a-b-)
non-secretor saliva was not available) added to a second
2 mL aliquot of anti-Le® (Controf) was tested in paraliel. The
treated anti-Leb reagents were incubated at RT for 1 hour
before they were used.

Table I: Distribution of concordant and discordant
Lewis phenotypes using hurnan, goat and monoclonal sera.

Race No Concordant Discordant
a+tb- a-b+ a-b- a+b+ 7?7797

Maori 57 12 35 4 1 5
Samoan 35 9 15 3 2 6
Cook Is 7 2 4 0 0 1
Tongan 5 1 2 0 1 1
Niuean 4 0 0 0 0 4
Controls 85 22 52 5 0 6
(Caucasian)

1 7777 — Abbreviation used when phenotypes obtained
using the three different antisera were not in agreement.
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Table Il. Polynesian and control phenotype discrepancies.

Lewis phenotypes

Tabie IV. Inhibitory effect of Le(a-b-) secretor saliva on

goat anti-Leb

Number/Group derived from results

A B ¢ n Mono Goat Human
Polynesians

0 1 4 5 a+h- a+tb+ a+b+
1 1 2 4 a+b- a+b+ a+b-
0 0 1 1 atb+ a+b+ a-b+
1 0 0 1 a-b+ a-b+ a-b-
0 0 4 4 a+tbr a-b+ a-b+
1 0 0 1 atb+ a+b- a+b-
0 0 1 1 a+b- a+b- a+bh+
3 2 12 17

Conitrols

0 5 0 5 a+b+ a-b+ a-b+
0 1 0 1 a+b+ a-b+ a+b+
0 6 0 6

n = number tested: Mono = monoclonal antisera;
Goat = goat antisera; Human = human antisera.

Thirteen of 14 goat sera defined Le(a+b+) and 7 random
Le(a-b+) Polynesian samples from this survey as well as 5
Caucasian Le{a-b+) control samples were recovered from
liquid nitrogen. All samples were deglycerolised, washed 6
times and prepared as 5% cell suspensions in saline. Twenty
microlitres of each suspension was added to two glass tubes,
then 50 ulL of the appropriate antiserum added. After 30
minutes incubation at RT, tubes were centrifuged and the
agglutinations graded.

Results

Samples from 108 random Polynesians and 85 Caucasian
controls were tested with three Lewis antisera of different
origin.

The distributions of the Lewis phenotypes using each of
these sera is summarised in Table | along with the discordant
results, recorded as the Le(??7?7} phenotype. Discordant
results are those where one or more of the three antisera
gave a different phenotypic interpretation.

The results of the 17 Polynesian and 6 control samples that
gave serological discrepancies are summarised in Table 1.
Goat antisera detected 5 Le? reactions in concordance with
human sera that were undetected with monoclonal sera and

Table Ill. Number of weak reactions in
Lefa+b-) and Le(a-b+).

Number of weak reactions’

Polynesian Control

n Mono Goat Human! n Mono Goat Human
Anti-Le? 24 1 11 1 |22 0 5 12

% 4 46 46 0 23 55
Anti-Le® 56 7 0 34 |52 5 1 19
% 13 0 61 10 2 37

* weak reactions = score 2-8,
n = number tested; Mono = monoclonal antisera;
Goat = goat antisera, Human = human antisera.

Average Number of
Anti-Leb Score | negative results
Lewis Test  Control | Test Control
Phenotype n Saliva Saline | Saliva  Saline
Polynesian
Le(a-b+) 7 6.3 8.0 1 0
Le(a+b+) 13 1.7 4.6 10 2
Caucasian
Le(a-b+) 5 100 10.0 0 0

5 Leb reactions undetected by either human or monoclonal
sera. Goat antisera in concordance with monoclonal sera
detected 1 Le2 and 1 Le® reaction not detected by human
sera. Monoclonal antisera detected 4 Le2 and 1 Leb reaction
not detected by either human or goat sera. Human sera
detected 1 Leb reaction which was undetected by both the
goat and monoclonal sera.

Monoclonal anti-Le? detected weak reactions (scores of 3)
in 6 of the 17 group B Le(a-b+) controls whereas this
reactivity was detected in only one of these samples by
human sera, and not detected with the goat sera.

Monoclonal anti-Le® reacted with only 36% (5 of 14)
samples defined as Le(a+b+) but with 100% of the samples
defined as Le(a-b+) by the goat antisera.

To allow comparison of reactivity between sera, the results
fromthe Le(a+b-) and Le(a-b+) phenotypes were divided into
the number of strong and weak reactions obtained (Table lI1).
Weak reactions were defined as those with a score within the
scorerange of 2-8. Monoclonal anti-Lea detected only 1 weak
reaction in 46 samples compared with 16 weak reactions with
goat sera and 23 with human sera. Goat anti-Leb detected
only 1 weak reaction in 108 samples compared with 12 weak
reactions with monoclonal sera and 53 with human sera.

Average LeP reaction scores for the Le(a-b+) samples
showed that human anti-Leb reacted marginally weaker
against Polynesian Leb antigen than that of the controls
(average scores of 83 and 9.4 respectively). The more
reactive monoclonal and goat sera showed no variation, with
similar respective scores of 109 and 11.4 for both the
Polynesians and controls.

Polyclonal goat anti-Le® was mixed with non-secretor
saliva to inhibit anti-Le? " activity [14]. If this activity was
present then a reduction in potency of the sera under test
would be expected. A dilution control using saline was tested
in parallel (group O Le(a-b-) non-secretor saliva was not
available). Eight Le(a+b+) and 1 Le(a-b+) sample failed to
react with the saliva treated anti-Le® but were still reactive
with the control anti-Le® (Table V). Two Le(a+b+) samples
failed to react with the control anti-Leb, demonstrating that as
little as a 20% dilution of anti-Le, can make the antisera non-
reactive.

Discussion

The monoclonal, goat and human Lewis antisera used for
phenotyping Polynesians in this study were not in
concordance for the determination of Lewis phenotypes. No
single antisera detected all the expected Leb antigens,
indicating that no single antisera was reliable for the
determination of Polynesian Lewis phenotypes.

Anti-Lea

The detection of 4 Le@ reactions in the Polynesian Le(a-b+)
samples by the monoclonal sera (Table {l) was not
unexpected because of the strong reactivity of this sera. As
Le(a-b+) samples are known to have Le? antigen [15] this
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detection of Le# is probably related to the strength of the
monoclonal sera. This increased sensitivity of monoclonal
anti-Lea for Lea antigen has been previously reported [16,17].

Itis possible the weak Lea reaction of the group B Le(a-b+)
control samples is due to the presence of more Lea antigen or
the steric presentation being more favourable to the
monoclonal anti-Le? sera. The reaction is unlikely to be due to
anti-B contamination as the majority of group B samples
tested were negative.

Monoclonal anti-Lea could be considered to be too strong
because it detected weak Lea reactions on Le(a-b+) samples
whereas human sera could be considered too weak, as it
failed to detect an Le@ reaction in a Le(a+b-) sample.

Anti-Leb

Monoclonal anti-Leb failed to detect the LeP antigen on
many of the polyclonal sera defined Le(a+b+) samples. The
possibility that this failure was due to reagent potency was
examined. However the human sera which was determined
to be the least reactive of the three antisera (Table i)
detected 5 Leb reactions in concordance with goat sera, that
were not detected by the monoclonal sera (Table I1). In
addition monoclonal anti-LeP reagent detected one reaction
which was undetected by both human and goat anti-Leb.

Using monoclonal antisera the Le(a+b+) phenotype, as
defined by goat or human sera is less commonly detected.
Unlike previous reports [17,18] that indicate monoclonal anti-
Leb is superior to polyclonal sera, the monoclonal anti-LeP
used in this study was not as sensitive as the polyclonal sera
in detecting the Le? antigen in Polynesians.

Association of the Le(a+b+) phenotype with ABO groups
and H antigen reactivity [11,19] appear (at least in part) to be
due to reactivity with anti-Le® H, or a similar H reactive
antibody, present in polyclonal anti-Le® (Table 1V). Reactivity
with this component of polyclonal sera [20] would cause a
greater detection rate of a weak Leb antigen expression in H
reactive samples. The combined effect of the anti-Lebt and
anti-Le® H components of polyclonal sera may allow the
threshold of agglutination to be achieved with some samples,
an effect not possible with monoclonal sera. Some
Polynesian red cell samples which typed as Le(a+b-)
probably have Leb antigen present but at levels too low to
support agglutination. This is supported by the finding that a
20% reduction in the potency of the goat anti-Le® sera
resulted in some LeP antigens becoming undetectable.

Comment

The secretor gene which is responsible for the formation of
Leb antigen is not a regulator gene but rather a structural gene
closely linked to the H gene [21]. The Se gene codes for an
alpha-2-L-fucosyl-transferase present in epithelial tissue and
able to transform both type-1 and type-2 precursor chains.
The Le(a+b+) phenotype may be the result of a change in the
normally found equilibrium of the Secretor and Lewis gene
coded transferases. Whichever gene is involved the net effect
would be a decreased production of type-1-H chains from
available precursor chains. Once the type-1 chain has been
converted into Le? substance by the action of the Le gene
coded transferase, the Se gene coded transferase cannot
convert the chain into type-1-H hence lower levels of Leb
antigen would result.

Theoretically the Le(a+b+) phenotype could be caused by
a more efficient than usual Le gene competing more
successfully than the Se gene for type-1-precursor chains;
alternatively a less efficient secretor gene could give the
same result. The finding of weak secretor phenotypes in
Le(a-b-) individuals in a Le(a+b+) Japanese family study
[22,23], and by ourselves in Polynesians [12], suggests the
presence of a weak secretor gene (Sev).

It would be expected that a Sew gene would cause partial
secretion and the red cell Le(a+b+) or Le(a+b-) phenotype.
Further evidence to support this hypothesis is provided by our

N.ZJ. Med. Lab. Technol, 1989

recent findings of salivary substances in almost all
Polynesians regardless of their red cell phenotype [12,24].

The amount of genetically independent precursor chains
produced and the ability of the red cells to uptake
glycosphingolipids, variables not able to be measured in"this
study, could also be involved in the phenotypic expression of
Lewis antigens. We suggest that the failure of anti-LeP antigen
onthered cells of some Polynesians may be due to low levels
of Leb antigen, and/or epitopical differences in the currently
recognised Le® antigen.
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Abstract

Reference intervals are critically important for the
interpretation of laboratory results. Conventionally, a
reference interval for a given test is defined as the central
95% of values observed within a healthy population. There is
no reason to believe that this rigid adherence to the central
95% as a means to distinguish ‘normal’ from ‘abnormal’
values is optimal for all tests. Because of this and because the
health of the reference population is usually unverifiable (i.e.
any given reference population will contain an unknown
proportion of sick but asymptomatic subjects), Merkouriou
and Dix (Stat Med 1988, 7: 377-385) have argued that health
should be abandoned as a criterion of reference data. Instead
they suggest distinguishing “typical” (normal) from “atypical”
(abnormal) values by purely statistical criteria. Typical values
are thus defined as those exhibiting a linear relationship with
percentiles on a value versus percentile plot; linearity being
assessed by the Pearson product-moment correlation
coefficient, r. The general applicability of the method is
ilustrated with data from both ‘healthy’ and ‘unhealthy’
populations.

Introduction

Although reference intervals are essential for the
interpretation of patients' results, reference information is said
to be the weakest data provided by clinical laboratories (1). If
you think about this for a moment you will realise this to be so.
We go to great lengths to produce accurate and precise test
results — very often exceeding clinical requirements — only
to have them compared with reference data that is at best
uncertain and at worst inappropriate. Many of our reference
intervals are compromises, the effects of age, sex, time and/
or other variables being largely ignored.

Readers will be familiar with the conventional strategy for
determining reference intervals as promulgated by the
International Federation of Clinical Chemistry (IFCC)(2) and
outlined in Table 1. Difficulties can arise, however, in several
of these steps. Let us consider some of them. Firstly, obtaining
a population of healthy individuals in numbers sufficient for
statistical analysis poses both logistical and ethical problems.
Very often laboratories rely on blood donors and/or hospital
staff for their reference individuals; two groups that are not
necessarily representative of a population for which
reference data is being sought. Even if a reference population
can be assembled the health of the individuals remains
undefined. Such a sample will inevitably contain an unknown
number of sick but asymptomatic individuals with common
disorders such as cancer, ischemic heart disease and
diabetes, and this in turn must lead to uncertainty as to the
accuracy of the reference intervals obtained.

Secondly, we must ask the question: is a healthy population
appropriate anyway? Consider the often quoted example of
patients with suspected myocardial infarction admitted to a
coronary-care unit. Their enzyme results will probably be
compared with a reference interval derived from a healthy
ambulant population when in fact it seems more logical that
they should be compared with a reference interval derived
from age-matched patients with similar symptoms but who
have not experienced myocardial infarction (3).

Thirdly, the width of the reference interval needs to be
considered. Conventionally, we have come to accept a
reference interval as encompassing the central 95% of
observations within a healthy population and biochemists it
seems have not considered alternatives but rather thay have
become obsessed with determining this 95%. The many

elegant mathematical procedures advocated to transform
skewed distributions to the more manageable gaussian form
attest to this. However, notwithstanding the above comments,
there is no reasort to believe that this rigid adherence to the
central 95% as a means to distinguish normal from abnormal
values is optimal for all tests. Indeed. recent reference
creatine kinase data for men gave a 97.5 percentile upper
reference limit of 300 U/L which was considered too high if
used in the diagnosis of myocardial infarction, (4) and the
unsuitability of the 97.51 percentile of plasma cholesterol
concentration as an upper reference limit is well known (3, 5).
What in fact does this 95% span tell us? Well, all that it does
say is that on average 5% (1 in 20) of apparently healthy
subjects will have a value outside this range; it says nothing
about the probability of an unhealthy subject having a value
outside, or for that matter inside, the reference interval.
Because of considerations such as these Merkouriou and
Dix(6) have argued that health should be abandoned as a
criterion for reference intervals. Instead they suggest that
objective statistical criteria should be used to separate
“typical” (normal) from “atypical” (abnormal) values. How
then do we decide what are typical and atypical values?

Method

Looking at a skewed frequency distribution (characteristic
of many biochemical tests) of creatine kinase values in young
women (Fig 1, inset), it is not immediately obvious where the
typical values lie, or clear as to the position of appropriate
reference limits. Such values, though, become conspicuous
on a cumulative percentage plot (Fig 1). Notice the
conspicuous deviation from linearity in the tails. Values above
about the 90t percentile and below about the 3¢ percentile
are clearly different, that is atypical, from the linear spread of
values inbetween. Linearity on the value-percentile plot is
thus a natural objective definition for typical behaviour. At this
point, it must be stressed that the region of the 90 percentile
has no general significance and Merkouriou and Dix are not
proposing it as a substitute for the 97.5" percentile. Rather.
the region of the 90t~ percentile is a boundary between typical
values specific for the data in Figure 1. As we shall see later.
the points of deviation from linearity are not fixed at any given
percentile but depend on the shape and content of the
frequency distribution. Our goal then is to locate accurately
those points of deviation. The authors give the following
method:

Table 1: /FCC Strategy for Reference Interval Determination.
Capture "Healthy" Population

Reference Values

Determine Distribution

/ \

Non-Gaussian Gaussian

Transform Non-Parametric Mean £ 2SD
Percentiles

Mean £ 2SD
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Figure 1: Value-percentile plot (lower graph) of the
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Figure 2: Value-percentile plot (lower graph) of the
distribution (upper graph) of serum angiotensin converting
enzyme (ACE, 37°C) in patients for whom ACE was
requested during a twelve-month period. Vertical lines
encompass the reference interval obtained.

200~

FREQUENCY

160

AP (U/L) A .
1ok w80 120 166 20 .o

.
AP U/ }
L.

80~ .

uo;*' '

10 20 30 40 50 60 70 80 90 100
PERCENTILE
Figure 3: Value-percentile plot (lower graph) of the
distribution (upper graph) of plasma alanine aminopeptidase
(AAP 37°C) in consecutive patients for whom a liver function
test profile was requested. Vertical lines encompass the
reference interval obtained.

Beginning near the median (by definition the most typical
value), calculate the produce-moment correlation coefficient,
r, between values and percentiles from some value sightly
below the median to some value slightly above the median.
Repeat the calculation by progressively and symmetrically
extending the range of values above and below the median.
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As the range of values extends into the tails of the distribution
the relationship between values and percentiles will deviate
from linearity and the magnitude of r will decline. Merkouriou
and Dix have chosen 0.9900 as the minimum value of r
acceptable because it is the minimum rthat permits accurate
calculation of regression lines by the classical least-squares
method (7). When symmetrial expansion causes r to recede
below the critical value it may be possible to further extend the
span of linearity by holding the lower or higher limit fixed and
expanding the calculation of r into the opposing tail. In this
way the maximum span of linearity is assured.

Results and Discussion

Table 1 details the calculation of the reference interval from
the creatine kinase (CK) distribution in Figure 1. Progressive
and symmetrical calculation of r around the median gave
acceptable linearity up to 24-78 U/L. Further expansion
either symmetrical or asymmetrical caused rto decline below
acceptable limits. Thus maximum linearity was obtained
between the 2.5" and 83.5!" percentiles. For comparison the
reference intervals calculated by conventional methods are
also listed. In all cases, the conventional methods yielded
wider reference intervals. This was to be expected since it is
well documented that the conventionally estimated upper
reference limit for CK is excessively influenced by extreme
values, not only for men as aforementioned but also for
women (8). With the exception of cholesterol, medical
decision points lower than the 951h-97 5th percentiles have yet
to be accepted.

Whilst the associated regression parameters of slope and
intercept have no obvious use in the reference interval
calculation, the standard error of the estimate (Sy/x), in my
opinion, has. Because it can be considered as an average
standard deviation in the relationship between x (percentile)
and y (analyte value), we can estimate the 95% confidence
intervals of the reference interval endpoints as y & 2 Sy/x.
Thus from Table 2 the CK reference interval expressed with
confidence intervals parenthetically is 24 (19, 29) — 79 (73,
83) U/L.

Because in this method values are deemed typical or
atypical by statistical rather than clinical criteria, the method
would seem to have the most potential in the estimation of
reference intervals from patients’ results. For years
biochemists have been atiracted to this readily accessible
data base, but early methods proposed to extract reference
intervals were criticised because they assumed an
underlying gaussian distribution of healthy values within the
patient population. No such criticism can be levelled at this
present method; all that is assumed is that the population
distribution is continuous and essentially unimodal.

The data in Figure 2 and Table 3 shows application of this
method to a select patient group, viz. all patients for whom
angiotensin converting enzyme (ACE) was requested during
a twelve month period. Serum ACE is usually requested for

Table 2: Reference Interval from CK Distribution.

CK r Sy/x CK r Sy/x
interval interval

u/L u/L

48-54 09999 0002 30-72 0.9928 167
45-57  0.9986 0.29 27-75  0.9909 211
42-60  0.9992 0.28 24-78  0.9901 2.44
39-63  0.9991 0.38 24-81 09875 287
36-66  0.9976 0.73 21-81  0.9889 2.83
33-69 09956 1.14 18-84 09870 3.35
Method CK reference interval, U/L

r 24-78

parametric 19-96

log-parametric 25-104

percentile 25-107
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Table 3: Reference Interval from ACE Distribution.
ACE r Sy/x ACE r Sy/x
interval interval
U/L u/L
44-56  0.9982 0.29 26-77  0.9935 194
41-59  0.9923 0.90 23-80  0.9923 233
38-62  0.9953 0.88 20-83  0.9909 277
35-65  0.9964 0.93 17-86  0.9895 3.24
32.71 0.9957 1.21 14-89 09880 373
29-74  0.9950 150 11-92  0.9864 4.26
This reference interval: 20-83 U/L

Previously established interval: 24-78 U/L (see text)
one of two reasons: (a) the diagnosis and monitoring of
sarcoidosis — in which an elevated level of ACE indicates
active disease, or (b) to assess patients’ compliance with
antihypertensive ACE inhibitor (e.g. captopril) therapy —
whence low levels are expected. In Figure 2 the maximum
span of linearity occurred between the 5% and 87.5%
percentiles. The corresponding reference interval of 20-83
U/L compares favourably with 24-78 U/L previously
established by the nonparametric percentile method from a
reference population.

Applying the method to a more heterogeneous patient
group was equally successful. Figure 3 shows the frequency
distribution of plasma alanine aminopeptidase (AAP) activity
in 471 consecutive patients for whom a liver function profile
was requested. AAP is an enzyme of diagnostic value similar
to gamma-glutamyltransferase. As shown in Table 4,
maximum linearity achieved by symmetrical expansion of the
calculation of rwas 52-107 U/L but this could be extended
down to 42 U/L by holding the upper limit fixed at 107 U/L.
The reference interval thus obtained was 42-107 U/L and
corresponded to the 29-81st percentiles. This was in
remarkable agreement with 42-104 U/L calculated from a
subset of the same data base according to the strategy of
Sinton et al(9), whereby only those AAP values associated
with liver function profiles wholly within reference limits were
used.

Now | must point out that for reasons of brevity and clarity,
in these examples | have used grouped data taken from the
frequency distributions (histograms). ldeally. the value-
percentile plot should be constructed from data that has been
ranked individually. This requires substantially more work but
it does give more points on the value-percentile plot which in
turn leads to more accurate demarcation between typical and
atypical values. Some consideration of the size of the data
base is also appropriate here. Merkouriou and Dix suggested
that since the method is based on percentiles a minimum of
120 subjects was required. From my own experience with the
method | think that is too few. This is especially so with highly
skewed patient populations and | recommend at least twice
that number. In any case, 120 is now considered manifestly
inadequate for the nonparametric percentile method when
dealing with skewed distributions(10) up to 700 may be
needed.

A purely statistical concept of the reference interval having
no connotations of health or disease is clearly
unconventional. Typical values may or may not indicate the
absence of disease. Clinical follow-up studies must be
carried out to validate the reference intervals obtained and
correlations between atypical values and disease must be
established. It seems to me that a logical extension of such
studies would be to collect data from patients with confirmed
diagnoses and thence typical and atypical values for that
particutar pathology. With the days of computer archiving of
results upon us this is now possibie. It behoves us all to supply
more useful information to clinicians. Indeed, Interpretive
Reporting has been identified by the IFCC as one area worthy
of new endeavour (11).

Readers may be bemused by the choice of 0.9900 as the
minimum acceptable value of r. Why not 0.9950 or 0.9880, or
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Table 4: Reference Interval from AAP Distribution.

AAP r Sy/x AAP r Sy/x
interval interval
U/l u/L
72-87 09916 1.02 47112 09885 3.29
69-92  0.9897 150 47107 0.9917 2.61
62-97  0.9912 175  42-107 09914 2.85
57-102 0.9908 217  37-107 0.9888 347
52-107  0.9900 266  42-112 0.9894 3.37

Reference interval from total data (n = 471); 20-83 U/L

Reference interval from culled data (n = 213: 42-104 U/L
(see text)

some other value? It must be stated that 0.9900 has no
special virtue other than that referred to previously. It is purely
an arbitrary but objective choice of typical behaviour that is
analogous to P<<0.05and P<0.01 being chosen as arbitrary
but objective measures of statistical significance (12). Clinical
follow-up studies may require us to alter the critical value of r.
An increase would restrict the reference interval to values
nearer the median thus increasing test sensitivity at the
expense of test specificity, whereas a decrease in the critical
value of rwould expand the reference interval thus improving
specificity but reducing sensitivity. Different tests may well
have different critical values of r.

Conclusion

This paper has described a simple, if unconventional,
method for estimating reference intervals. Because it is
particularly applicable to readily accessible patients’ results,
every laboratory can use it with their own data.
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