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Abstract

Serological tests are mainly evaluated by determining the sensitivity and specificity of the
test. These test characteristicswere originally meant to be used in making diagnoses. For evaluative
purposes their usefulnessis weakened by their susceptibility to selection and their dependence on the
cut-off points that are used for test positivity. The plotting of a receiver operating characteristic
(ROC) curve might be a solution to these problems. The ROC curve yields a measure for the
diagnostic power of the test expressed in one number instead of two, namely the area under the curve
(AUC). Furthermore, the ROC curve and itsAUC permit easy comparison of different tests and the
performance of different interpreters of one test. In this study, for direct comparison of the
diagnogtic values of IgM-RF, 1gG-RF and IgA assay in the diagnosis of Rheumatoid Arthritis (RA),
we performed an ROC analysis. The calculated areas under curves (AUCs) have shown that each of
the three RF-subtypes has a different discriminative value because their curves were located at
different distances above the diagona line. However, the IgG-RF subtype has the highest
discriminative value because of that its AUC was 0.937 and, thus, it has a very high clinical value.
IgM-RF subtype has a moderate discriminative value (AUC= 0.848), whereas IgA-RF has showed
the least discriminative power (AUC= 0.709) that may make it the least clinically useful RF as a
diagnogtic test. These results clearly demonstrate the superiority of 1gG-RF ELISA system as a
diagnogtic test for RA over the other RFs. Using ROC to determine cutoff values has yielded several
cutoff values with variable sensitivities and specificities for each RF subtype. This may allow the
choice of the desired cutoff according to the clinical setting in which the test might used.

EWVEN

Lo oo a5 L0 dmpainl) 5 56l Ll ity Aleaall il HLaad il Jiud Jiaia pusy
Al el LU 4 el &) g ey Laae iniall s e gl Adlaiall a5 (e sl 5 Aabiall) il (0 Yoy 2l 5 a8 5
Ll laadl e sl Calisg o)

Jol sl G IS0 a5 5ilae 43 lie o) 5aY il (i Faals Jiate JilaS Al 3l o3a b L sl
il ca Gadl gl Bhliall el L3 el 8 ) dualid) el e & IGA 5 IgM 519G 5
i iwd dad o) ekl 19G g 5 g0 dalall (i eclly pas L Adlide & jud dad (s 515 dale ISV o A )
Aad Jd) 5 ol 2 QA £ 5 sl delad) L Llan Al 3y pad) 4@l Ul s ¢ (0.937= sl cuas dilaiall)

154



M edical Journal of Babylon-Vol. 6- No. 1 -2009

2009-J ¥ aandi— pasbead) alaali-dpdal) Sl Aae

IgM & s (s 5 Salall oS s (B LGl padils (8 aied (e JIE Lea (0.709= Jaiel) aad ddhaiall) 4 jpa
i) 4 a5 196 ¢ 55 g 50 Jalad) (3585 a5 Lae gty .(0.848 = ciniall cont didaiall) 4 el dail) Jiine
oo il (CULOFfS) adadll Jals ad apaat) G il dpald inie Jlexind o 5 LS g 5550 dualiall (sl Luayiids
ekl Ak HLa) 3 e iy Laa ok Ay S e g5 Bpubin 3aa3 ALY 5 5 dele JS) Boaeie ada Ll pass

Ayl dalal) s

I ntroduction

heumatoid arthritis (RA) is
the most common

inflammatory joint disease,
with prevalence between 0.5% and
1% worldwide [1]. In most patients,
diagnosis of RA is based on the
criteria proposed by the American
College of Rheumatology (ACR) in
1987 consisting of clinical symptoms
and radiological findings, whereas the
only laboratory test included is the
serum  rheumatoid factor (RF)
determination [2]. The ACR criteria,
however, were primarily developed as
classification criteria in established
disease, and shortcomings in RA
patients with recent-onset disease
have now become evident [3]. RFs
are antibodies directed to the
crystallizable  fragment of 1gG
molecule. They are found in every
immunoglobulin subclass (IgM, 1gG,
IgA and IgE)[4]. Raised levels of
IgM, 1gG and IgA RF have been
frequently reported in patients with
RA. The high RF frequency in RA
cases makes their detection useful as
a diagnostic tool; however these
factors are not unique to RA. RF
found in 1-4% of the genera
population, in addition to other
autoimmune diseases and
infectiong5]. Moreover, literatures
mentioned different sengitivities and
gpecificities for the detection of each
RF subtype. For instance, RF of IgM
subtype (IgM-RF) is a traditiona
laboratory test used to support the
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clinical diagnosis of RA. It has wide
range of senstivity (50%-85%) but
have moderate specificity (80%-95%)
for diagnosing RA. This discrepancy
may possibly reflect diverse genetic
backgrounds and/or methodological
differences in diverse antigen
preparations and detection techniques
applied, in addition to the age and
health of the population studied [6].
Therefore, there is a clear need for
extensive evaluation and validation of
any system used to detect RF in RA
patients before its administration for
routine use.

Serological tests are mainly
evaluated by determining the
sengitivity and specificity of the test.
These test characteristics were
originally meant to be used in making
diagnoses. For evauative purposes
their usefulness is weakened by their
susceptibility to selection and their
dependence on the cut-off points that
are used for test pogtivity. The
plotting of a recelver operating
characteristic (ROC) curve might be a
solution to these problems. The ROC
curve vyields a measure for the
diagnostic power of the test expressed
in one number instead of two, namely
the area under the curve (AUC).
Furthermore, the ROC curve and its
AUC permit easy comparison of
different tests and the performance of
different interpreters of one test[7]. In
this study, for direct comparison of
the diagnostic values of IgM-RF,
IgG-RF and IgA assay in the
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diagnosis of Rheumatoid Arthritis
(RA), we peformed an ROC
anaysis. Furthermore, there is
growing evidence that therapeutic
intervention early in the course of RA
leads to more efficient disease
control, less joint damage, and better
prognoss of disease outcome.
Therefore, specific laboratory tests
are desrable to help in the early
differentiation of RA and other forms
of rheumatic joint and connective
tissue disease [8-11].

The main objective of this
study was to use ROC curve for the
investigation of the diagnostic
accuracy of the recently emerged and
commercialy  available  ELISA
system for the detection of IgM-RF,
1gG-RF and IgA-RF in a moderately
large cohort of patients with
confirmed diagnosis of RA and non-
RA subjects.

M aterials and M ethods

In order to determine the
diagnostic value of IgM-RF, 1gG-RF
and IgA-RF assays using ELISA
system, 102 subjects were enrolled in
this study, 65 were with confirmed
diagnosis of RA and fulfilling the
revised ACR criteria, in addition to
37 carefully chosen non-RA controls.
All RA subjects were attendant of the
private rheumatology clinic (of the
second author) in Kerbala Province
during January to April 2008. Non
RA subjects were age and sex
matched apparently healthy peoples
randomly selected from Kerbaa
Province citizens. Serum were
collected from each subject and kept
frozen until use. ELISA kits for the
guantitative detection of the three RFs
were purchased from Aida Gmbh.
Serum was incubated in the
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microplate coated  with
purified Fc fragment of human
immunoglobulin  (IgG).  Patient's
antibodies, if present in the specimen,
bounded to the antigen. The unbound
fraction was washed off in the
following step. Afterwards, anti-
human immunoglobulins conjugated
to horseradish peroxidase (conjugate)
were incubated and reacted with
antigen-antibody complex of the
samples in the microplates. Unbound
conjugate was washed of in the
following step. Addition of TMB-
substrate generates an enzymatic
colorimetric reaction, which was
stopped by diluted acid. The rate of
color formation from the chromogen
is a function of the amount of
conjugate bound to the antigen-

highly

antibody complex and this is
proportiond to the initial
concentration of the respective

antibodies in the patient sample.

For quantitative interpretation,
a standard curve was established by
plotting the optical density (OD) of
each of the provided calibrator (Y-
axis) with respect to the
corresponding concentration values in
U/ml (X-axis). From the OD of each
sample, the corresponding antibody
concentrations expressed in U/ml,
was read. Due to the lack of
international calibration, this assay
was caibrated in arbitrary units
(U/ml) for IgG and IgA rheumatoid
factors. For IgM rheumatoid factor,
the assay was calibrated against the
international WHO standard and
results were given in 1U/ml

For the evaluation of the
diagnostic efficiency of IgM-RF,
lgG-RF and IgA assays, receiver
operating characteristic (ROC) curve
was used. In conventiona ROC
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curve, the true postive fractions
(sengitivity) are plotted against the
false positive fractions (1-specificity)
at a various cutoff levels. The X and
Y axes denote the false positive and
true positive fractions, respectively. A
major diagonal of the ROC space
passing from the left lower corner to
the right upper corner serves as the
baseline for the points on the ROC
curve. The X and Y coordinate points
corresponding to or below this
diagonal provide no diagnostic value.
The X and Y coordinates at an ROC
curve must be above this diagonal.
The further the ROC curve from this
diagonal (or closer to the upper left
corner of the ROC space), the better
is the diagnostic value of the test [10].
For determination of cutoff value,
ROC curve andysis was aso used.
Taking each observed value (RF-
titer), as cutoff, ROC gave sensitivity
and specificity of the test under
investigation. Diagnostic values of

IgM-RF, 1gG-RF and IgA are
described as  sendtivity and
gpecificity with 95% confidence

interval (Cl). Finaly, the dstatistics
analyses were performed using SPSS
version 15.

Results

The area under the ROC curve
(AUC) is widely recognized as the
measure of a diagnostic test’s
discriminatory power [12]. The
maximum value for the AUC is 1.0,
thereby indicates a (theoretically)
perfect test (i.e,, 100% sensitive and
100% specific). An AUC value of 0.5
indicates no discriminative value (i.e.,
50% senditive and 50% specific) and
is represented by a straight, diagonal
line extending from the lower left
corner to the upper right (Fig. 1).
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There are severa scales for AUC
value interpretation but, in general,
ROC curves with an AUC <0.75 are
not clinically useful and an AUC of
0.97 has a very high clinical value,
correlating with likelihood ratios of
approximately 10 and 0.1. In this
study, for direct comparison of the
diagnostic values of IgM-RF, 1gG-RF
and I1gA assay, we performed an ROC
analysis. The calculated areas under
curves (AUCs) have shown that the
three RF-subtypes have variable
discriminative values because that
their curves were located at different
distances above the diagona line
(Fig. 1 and table 1). However, the
IgG-RF subtype has the highest
discriminative value because of that
its AUC was 0.937 and, thus, it has a
very high clinica value. IgM-RF
subtype has a moderate discriminative
vaue (AUC= 0.848), dbeit lower
than that of IgG-RF. IgA-RF has
showed the least discriminative power
(AUC= 0.709) that may make it the
least clinically useful RF.

A medical diagnostic test,
sengitivity, or true positive rate gives
the test’s ability to detect the presence
of adisease. The true positive rate for
the diagnostic test is the total number
of patients found to be positive by the
diagnostic test divided by the tota
number of patients who actually have
the disease that is being tested for
(e.g. if 100 people have a disease and
a medical diagnostic test for the
disease positively identifies 90 of
those people as having the disease, its
true positive rate is 90/100). The 10
misdiagnosed cases are termed fase
negatives. On the other hand, a
medical diagnogtic test’s, specificity,
or true negative rate gives the test’s
ability to detect the absence of a
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disease. The true negative rate for the
diagnostic test is the total number of
patients found to be negative by the
diagnostic test divided by the tota
number of patients who do not have
the disease that is being tested for
(e.g. if 100 people do not have a
disease and a medical diagnostic test
for the disease indicates that only 80
of these people are free of the disease,
its true negative rate is 80/100). The
20 misdiagnosed cases are termed
false positives.

ROC curves display the
relationship between sensitivity and
1- gpecificity across al possble
cutoff values that define a positivity
of disease or condition. The
determination of an “ideal” cut-off
value is amost aways a trade-off
between sengtivity and specificity.
As both change with each “cut-off”
value it becomes difficult for the
reader to imagine which cut-off is
ideal. The ROC curve offers a
graphical illustration of these trade-
offs a each “cut-off” for any
diagnostic test that uses a continuous
variable [7]. Idedlly, the best “cutoff”
value provides both the highest
sengitivity and the highest specificity,
easily located on the ROC curve by
finding the highest point on the
vertical axis and the furthest to the
left on the horizontal axis (upper left
corner) (Fig. 1). However, it is rare
that this ideal can be achieved, so
that, for example, one may opt to
choose a higher sensitivity at the cost
of lower specificity.

Usng ROC curves, dl
possible cutoff values were examined
and found to have \variable

sengitivities and specificities for each
RF subtype. However, some cutoff
values have either similar sengitivities
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or specificities. In those cases only
the cutoff values with highest
sensitivity and specificity were shown
in the Tables [13] and the others were
deleted to reduce the size of the
tables.

As shown in Tables (2),
severa cutoff values of IgM-RF have
been observed using ROC aong with
their corresponding sensitivities and
gpecificities. At cutoff value of
>3.4880 IU/ml  showed nearly
identical  sengitivity (78.5%) and
specificity (78.4%). In addition, there
are severd interesting cutoff values
that may be suitable to certain clinical
gtuations. In clinica settings where
high specificity is more desired than
high sensitivity such as using the test
as a confirmatory to another
screening test, the cutoff value of
>11.4175 could be chosen because of
its high specificity (94.6%) while
maintaining a moderate sensitivity
(70.8%). Unfortunately, in clinica
gtuations where the sengtivity is
more important (e.g. using the test as
screening tool), there is no single
cutoff value that showing high
sengitivity while  maintaining a
satisfactory specificity.

As shown in table (3), severd
cutoff values of 1gG-RF have been
observed using ROC along with their
corresponding  sendtivities  and
gpecificities. The cutoff value of
>3.2855 IU/ml showed nearly equal
sengitivity  (90.8%) and specificity
(89.2%). This cutoff value may be
considered as the optima one and
may be suitable for different clinical
settings. However, there are severd
other interesting cutoff values that
may be more convenient with certain
clinical situations. In clinical settings
where high specificity is more desired
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than high sengitivity such as using the
test as a confirmatory to another
screening test, the cutoff value of
>8.1780 U/ml could be chosen
because of it displays high specificity
(100%) while maintaining a moderate
sengitivity  (76.9%). Whereas in
clinical  dtuations where the
sengitivity is more important (e.g.
using the test as screening tool), the
cutoff value of >0.5465 U/ml could
be used because of its high sensitivity
(93.8%) and satisfactory specificity
(86.5%). However, it is not
recommended to consider the later
cutoff value in clinica practice
because of that the sensitivity of the
ELISA technique is not reliable for
such low titers. Alternatively, the
cutoff value of >3.2855 IU/ml may be
used in this situation.

As shown in Table (4) severd
cut-off values of IgA-RF have been
observed when using ROC analysis
aong with their corresponding
sengitivities and specificities. There is
no single cutoff value that shows
smultaneous high sengtivity and
specificity. With every increase of
sengitivity there was a significant
drop in the corresponding specificity.

Discussion

This, to the best of our
knowledge, is the first study in Irag to
adopt ROC curves analyses for the
evaluation of diagnostic performance
of serological tests. ROC analysis
provides important information about
diagnostic test performance: the
closer the apex of the curve toward
the upper left corner, the greater the
discriminatory ability of the test (i.e.,
the true-positive rate is high and the
false-positive [1 — Specificity] rate is
low). This is measured quantitatively
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by the AUC such that a value of
>0.96 indicates excellent
discriminatory ability [14]. In the
current study detection of 1gG-RF
showed the greater discriminatory
ability because of its AUC was very
close to the abovementioned value,
while the detection of IgA-RF
showed the least one. Moreover, IgM-
RF was of moderate discriminative
power. These results clearly indicate
that 1gG-RF is the better one in
defining RA. We are hopeful that our
results can help better understand the

vadue of RF subtypes in RA
diagnosis.
For the determination of

cutoff value to each RF subtype assay
upon its administration on our groups
of subjects (RA and non-RA), ROC
analysis took each observed vaue
(titer) as cutoff and gave sensitivity
and specificity. Accordingly, a wide
range of sengtivities and specificities
for each RF were calculated during
ROC curve anadysis. Severa of those
cutoff values are suggested to be
useful in specific clinical settings,
other were not. Of note, our results
regarding sengtivity and specificity
of IgM-RF were consstent with
previous abroad studies. Some reports
has mentioned that senstivity and
specificity of IgM-RF testing for the
diagnosis of RA was (68.6%-82.5%)
and (72.1%- 82.7%), respectively,
whereas in patients with early disease,
IgM-RF revealed a sendtivity of
(45.1%-86.1%) [15]. For IgA-RF, our
recorded sengitivity is below than the
reported by some researchres who
reported 72% sendtivity [16] and
smilar to that reported by others
(64.3%)[17]. This discrepancy may
atributed to that the above cited
studies RFs were measured by
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gualitative  or semiquantitative
methods (such as Waaler-Rose or
latex fixation tests). However, our
results regarding the senstivity and
specificity of IgM and IgA detection
do not underestimate their importance
as prognostic markers for disease
outcome.

It is important to note that
ROC performance may change when
the diagnostic test is applied to
different clinical dtuations (e.g.
patient populations) or under different
phases of disease progression (early
diagnosed versus long standing RA).
Furthermore, the most useful
information from a diagnostic test
likely originates by pooling the
results for several studies examining
the same test in different situations,
generating  averaged  specificity,
sengitivity and ROC, so as to be able
to get a true understanding of the
diagnostic test's utility [13,18].
Therefore, we strongly recommend
the administration of ELISA system
for the detection of RF in more
defined groups of RA patients (e.g.
early diagnosed versus long standing)
with the use of ROC curve analysis to
examine the observed values.

In the end, it will be rare for a
diagnostic test to have both 100%
gpecificity and  sengtivity. The
clinician will have to decide which
cut-off value will provide the
likelihood ratios and senditivity and
gpecificity values that have the
greatest clinical value in the diagnosis
of any disorder.
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Figure 1 Comparison of the diagnostic values of the Rheumatoid IgM-RF, 1gG-RF and IgA-
RF subtypes measured using ELISA technique. Receiver operating curves (ROC) of the three

tests were shown. The sengitivity of each test is plotted against one minus specificity for
varying cutoffs (values lower than the cutoff were considered negative, and other values were

considered positive (n =102)
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Table 1 Measurements of the Areas Under the Curves of the IgM-RF, 1gG-RF and
IgA-RF measured using ELISA system.

Area under
curve Std. Asymptotic Asymptotic 95% Confidence
Test Result Variable(s) (AUC) Error(a) Sig.(b) Interval
Upper Bound | Lower Bound
IgM .848 .038 .000 773 .924
19G .937 .026 .000 .886 .987
I9A .709 .050 .000 .610 .807

a Under the nonparametric assumption
b Null hypothesis: true area = 0.5

Table 2 Cut-off values observed usng ROC curve analysis of the IgM-RF detected
using ELISA system aong with their corresponding sensitivity and specificity.

Positive if Greater Than or Equal To | Sensitivity | Specificity
Test Result Variable (Cutoff value)

lgM .0055 100% 8.1%
.0200 95.4% 11.8%

0270 93.8% 13.5%

.0380 92.3% 16.2%

.0630 90.8% 21.6%

1395 89.2% 29.7%

6825 87.7% 48.6%

1.0250 84.6% 59.5%

1.3440 83.1% 62.2%

3.2315 81.5% 75.7%

3.4880 78.5% 78.4%

5.6550 76.9% 89.2%

6.9985 75.4% 91.9%

11.4175 70.8% 94.6%

12.8285 67.7% 97.3%

13.4945 64.6% 100%
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Table 3 Cut-off values observed using ROC curve analysis of the 1gG-RF detected
using ELISA system aong with their corresponding sensitivity and specificity.

Test Result Positive if Greater Than or Equal Sensitivity | Specificity
Variable To(Cutoff value)
.0005 100% 2.7%
19G 0015 96.9% 10.8%
.0445 95.4% 70.3%
5465 93.8% 86.5%
3.2855 90.8% 89.2%
5.1980 81.5% 94.6%
8.1780 76.9% 100%

Table 4 Cutoff values observed using ROC curve anaysis of the IgA-RF detected
using ELISA system aong with their corresponding sensitivity and specificity.

Test Result Variable Positive if Greater Than or Equal | Sensitivity | Specificity
To(Cutoff value)

0245 98.5% 2.7%

IgA .0805 95.4% 5.4%
2355 93.8% 8.1%

4615 92.3% 16.2%

1.4525 87.7% 18.9%

2.3055 86.2% 24.3%

2.8285 84.6% 27.0%

3.5935 80.0% 29.7%

3.8390 75.4% 35.1%

4.3180 72.3% 45.9%

4.5245 69.2% 48.6%

4.8710 67.7% 54.1%

5.1465 66.2% 56.8%

7.9265 61.5% 78.4%

10.2130 56.9% 83.8%

10.9640 55.4% 91.9%

13.6710 50.8% 97.3%

14.3640 47.7% 100%
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