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Objective: IgG4 related disease (IgG4RD) is detected in part by measurement of serum IgG4 levels in patients
suspected to have the condition. The immunonephelometricmethods that are used tomeasure serum IgG4 are sus-
ceptible to hook effect errors. The quality control parameter IgGRDiff=100 ∗ [Sum (IgG1, IgG2, IgG3, IgG4)− Total
IgG] / Average [Sum(IgG1, IgG2, IgG3, IgG4), Total IgG] is theoretically of use in detecting large IgG4hook effect.We
evaluated the IgG4RDiff parameter in this context.

Design and methods: Retrospective review of the IgGRDiff parameter in a cohort of patient samples. All
samples were tested with the Siemens BNII analyzer utilizing Siemens (total IgG) and Binding Site (IgG subclass)
reagents. The 95th percentile for the absolute value of IgGRDiff was determined and compared to the IgGRDiff
values for the samples with known hook effect error. IgGRDiff was regressed against IgGRsum [IgG4Rsum =
100 ∗ IgG4 / (IgG1 + IgG2 + IgG3 + IgG4)].

Results and discussion: The 95th percentile of the absolute value of the IgGRDiff parameter was 22.8% in our
study sample set (n = 163). The absolute value of the IgGRDiff was b22% in 4/6 cases indicating low sensitivity
32
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Tof IgGRDiff in identifying IgG4 hook effect errors. IgG4Rsum was directly correlated with IgGRDiff (IgGRDiff =

1.21 ∗ IgG4Rsum − 7.9, R2 = 0.62) indicating that the total IgG measurement has little or no reactivity with
IgG4 immunoglobulins.

Conclusions: The Siemens’ Total IgG method is insensitive to IgG4 and should not be used as a quality control
parameter to detect IgG4 hook effect.
© 2014 The Canadian Society of Clinical Chemists. Published by Elsevier Inc. All rights reserved.
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The evolving understanding of IgG4 related disease (IgG4RD)has led
to a number of recent publications on all aspects of this treatable
syndrome, including the diagnostic process [1–7]. The diagnostic
process remains hinged on histopathology [6] but blood tests have an
important role in clarifying the likelihood of disease, particularly in
the case of IgG4RD manifesting as autoimmune pancreatitis [3,4,7]. In
this regard, two recent publications [8,9] have commented on laborato-
ry quality control aspects associated with the most useful blood test,
serum IgG4, which has a relatively high sensitivity albeit a low
63
6565
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specificity for the diagnosis of this disorder [2,5]. Specifically,
Khosroshahi et al. [8] commented on a major limitation of the IgG4
test – the hook effect – which can variably affect some laboratory
immunonephelometric methods [8,10], requiring vigilance by laborato-
ry specialists and clinicians alike. Relatedly, McLean-Tooke et al. [9] re-
ported on the utility of measuring IgG subclasses and total IgG
independently as a means to identify samples affected by the hook ef-
fect with regard to any of the individual IgG subclassmeasurements, in-
cluding IgG4. To this end,McLean-Tooke et al. statistically characterize a
calculated parameter (see Eq. (1)) in a series of patient samples noting a
variance in IgGDiff that is predicted not by the presence of IgG4 hook ef-
fect errors, but by IgG subclass composition.

IgGDiff %ð Þ ¼ 100 � IgGsum–IgGtot½ �=IgGtot: ð1Þ
66
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IgGsum IgG1 + IgG2 + IgG3 + IgG4, where the subclasses are
measured individually in g/L

IgGtot total IgG, where IgG is measured in g/L with the use of
polyclonal antibodies intended to recognize all IgG
subclasses

With regard to the detection of IgG4 hook effect errors, we have
noted that the IgGDiff parameter has apparent limitations as a quality
hts reserved.
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control measure in our laboratory. Our laboratory has utilized a specific
set of commercial test reagents and instrumentation over the past four
years that is distinct from that employed in the McLean-Tooke et al.
study. We follow a quality control monitoring system for IgG subclass
measurements as outlined in the materials and methods section. In
this time, we have observed the release of multiple IgG4 hook effect
errors even while monitoring the IgGDiff parameter [10].

The release of multiple IgG4 hook effect errors while monitoring the
IgGDiff parameter is unexpected. In the setting of IgG4RD, patient sam-
ples often have an absolute elevation in serum IgG4 concentrations, as
well as a relative increase in the IgG4 level as a percentage of IgGtot or
IgGsum (IgG4Rsum) [2,5]. Given the increase in IgG4Rsum associated
with IgG4RD, one expects the IgG4RD parameter to be a useful indicator
of the hook effect error, to which IgG4RD patient samplemeasurements
are susceptible. Specifically, a large hook effect error of IgG4 would the-
oretically lead to a marked negative bias in IgG4 measurement, which
would be paralleled in a negative bias of IgGsum, and IgGDiff. Thus,
the IgGDiff parameter should be a sensitive indicator of a large hook ef-
fect error affecting IgG4 measurement.

However, this proposed utilization of the IgGDiff parameter may not
be as effective as expected in practice owing to calibration error that
affects some test methods. In particular, McLean-Tooke et al. [9] noted
that the relative difference between total IgG measurements and the
sum of individual IgG subclass measurements was modulated by
relative IgG subclass proportions i.e. calibration error of the total IgG
measurement may limit its utility as a quality control parameter. Any
potential calibration error affecting an IgGtot method may be specific
to a particular brand of commercial reagents.We are unaware of similar
evaluations having been performed on the Siemens reagents in use in
our laboratory.

In view of this possibility of a calibration error affecting the IgGtot
method,whichwould affect the utility ofmonitoring the IgGDiff param-
eter, we determined to study these parameters in our own laboratory.
However, in view of possible errors with the denominator of the IgGDiff
parameter, IgGtot, as highlighted by the McLean-Tooke article [9], we
are now monitoring the related parameter IgGRDiff (see Eq. (2)):

IgGRDiff %ð Þ ¼ 100 � IgGsum–IgGtot½ �=Average IgGsum; IgGtot½ � ð2Þ

Therefore, our investigation was specifically designed to evaluate
the characteristics of the IgGRDiff parameter in a series of patient sam-
ples previously tested in our laboratory utilizing one brand of commer-
cial reagents for IgG subclasses (Binding Site), another for IgGtot
measurements (Siemens), with all measurements performed on one in-
strument (Siemens BNII nephelometer). We sought to determine the
central 95th percentile confidence limits of the IgGRDiff parameter
and to determine if its magnitude, in patient samples, was affected by
the patients' IgG subclass distributions. The study sample set included
6 patient samples which had previously been reported out with falsely
low IgG4 levels due to hook effect error, and 1 sample which had previ-
ously been noted to be susceptible to falsely low IgG3measurement due
to a hook effect error. For these samples the IgGRDiff parameter was
evaluated both on the original sample results (to evaluate the detection
rate for IgG4 hook effect), and on the hook effect corrected results. The
sample set also contained patient test results which had been screened
for hook effect errors and found to be at low risk.

Materials and methods

Patient results

We conducted a retrospective review of the IgGRDiff parameter in a
cohort of patient sample results from samples submitted for the inves-
tigation of IgG4 related disease and/or for IgG subclass deficiency. We
included only the first set of sample results for each unique patient for
a 4-year time period dating back to January 1, 2010. IgG subclass results
Please cite this article as: Mattman A, et al, Total IgGmethod insensitivity t
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that were known to be affected by the hook effect (see Evaluation of
patient samples for hook effect errors) were corrected using results
from higher dilutions prior to inclusion in the data set, with the excep-
tion of the evaluation of the sensitivity of the IgGRDiff parameter for
hook effect error detection. In this latter analysis the IgGRDiff was eval-
uated using the original IgG3 and IgG4measurements as performed at a
1:100 dilution. Patient samples with known monoclonal proteins, or
with abnormally low levels of one of the four subclasses, were excluded
from the analysis given that the IgGRDiff parameter may fluctuate
greatly under these conditions. All other patient sampleswere included.

Chemistry reagents

All samples had been previously testedwith the Siemens© (Munich,
Germany) BNII nephelometer utilizing Siemens total IgG and the
Binding Site© (Birmingham, UK) IgG subclass kit LK001 TB with latex-
enhanced IgG3 and IgG4 antibodies.

Evaluation of patient samples for hook effect errors

All samples had been assessed for the likelihood of IgG4 hook effect
by determination of the IgGtot value, and by evaluation of the IgGDiff
parameter. Based on a previous analysis [10], IgGtot values were identi-
fied as a strong predictor of the likelihood of an IgG4 hook effect error. If
the total IgG indicated a higher risk for the hook effect, a higher initial
sample dilution was applied to avoid the hook effect. Specifically,
if the total IgG valuewas b10 g/L, a standard 1:100 dilutionwas utilized
for the IgG4 determination. If the total IgGwas between 10 and 20 g/L, a
1:400 dilution was utilized for the IgG4 determination. If the total IgG
was≥20 g/L, then a 1:2000 dilution was used for the initial IgG4 deter-
mination. Independently, the IgGDiff parameter was determined in
each case and, if ≥±20%, samples were retested utilizing higher dilu-
tions to rule out hook effect errors. The IgGDiff ≥ ±20% criterion was
in place from Jan 1, 2010 forward. In 2011, a retrospective assessment
of potential hook effect errors affecting the previously reported (2010)
IgG4 tests identified 6 cases of hook effect error. This retrospective re-
view was conducted using leftover samples stored up to 6 months at
−20 °C, and patient recall, as necessary, to retest select samples and
or patients from 2010. Sample retrieval, or patient recall, was consid-
ered important if the sample met two or more of the following criteria:
i) clinical indication for testing was clearly indicated as suspected
IgG4RD, or a specific manifestation (eg autoimmune pancreatitis) of
IgG4RD, ii) previously reported IgG4 concentration on the standard
1:100 dilution was normal or abnormally low, iii) previously reported
total IgG N 11 g/L alongwith an IgG4:IgGtot b 0.025. This retesting pro-
cess identified a total of six IgG4 hook effect errors out of 53 total sample
retests. From 2011 forward, total IgG based determination of the initial
IgG4 dilution was applied prospectively.

Data analysis

The mean and 95th percentile for the absolute value of IgGRDiff pa-
rameter was calculated on all samples that met the inclusion/exclusion
criteria as defined. The confidence interval from this analysis was used
to define a zone of results in which IgG subclass results, as a group,
were considered analytically accurate without need of further result
verification. The sensitivity of the IgGRDiff parameter for detection of
hook effect errors was assessed by measuring its performance in a
small series of 7 patient samples that had previously been identified
as susceptible to the hook effect. Finally, we sought to further character-
ize IgGRDiff by comparison of this parameter to the absolute and rela-
tive proportions of the individual IgG parameters in the entire pool of
results that met study inclusion criteria. Specifically, we performed lin-
ear regression analysis of the IgGRDiff parameter against each of the in-
dividual IgG subclasses (IgG1, IgG2, IgG3 and IgG4) relative to IgGsum
(IgG1RSum, IgG2RSum, IgG3RSum and IgG4RSum). Finally, stepwise
o the presence of IgG4 immunoglobulins, Clin Biochem (2014), http://
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Fig. 1. IgGRDiff vs IgG1RSumwhere IgGRDiff is given in Eq. (2) and IgG1RSum represents
the parameter IgG1/Sum(IgG1, IgG2, IgG3, IgG4) (%). The dashed lines represent the
IgGRDiff ±22% thresholds. The solid diamonds indicate patient test results that have an
IgGRDiff ≥ 22%. The linear regression equation and R2 values are provided on the figure.
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discriminant analysis with p b 0.05was used to determinewhich of sev-
eral variables were predictors of an IgGRDiff value greater than 22%,
when using hook effect-corrected IgG subclass values. Variables chosen
for inclusion in the discriminant analysis included the absolute value of
the individual IgG subclasses (IgG1, IgG2, IgG3 and IgG4) and their re-
spective ratios to IgGsum (IgG1RSum, IgG2RSum, IgG3RSum and
IgG4RSum), IgGsum, IgGtot, the sum of {IgG2, IgG3, IgG4}, and the
ratio of the sum of {IgG2, IgG3, IgG4} to IgGsum. All statistical analyses
were performed with SPSS, version 19.

Results and discussion

There were 349 IgG subclass and matching IgGtot tests performed
on patient samples over the period of study of this retrospective review.
Of these, there were 321 unique patient samples. Four of these samples
were known to have a monoclonal protein and were excluded from the
study. We also excluded 135 patient samples with a IgGtot less than
7.00 g/L and a further 19 patients with an IgGtot greater than or equal
to 7.00 g/L but an abnormally low measured level (after correction of
known hook effect errors) of one of the individual IgG subclasses.
Thus, the final number of samples included in our study was 163
samples.

The IgGRDiff and the IgGDiff parameters were both positively
skewed. The median IgGRDiff value was −2.10% with a range of
−22.8% to +52.1%. The 95th percentile of the absolute value of the
IgG4RDiff parameter was 22.8%. This absolute value of 22.8% was trun-
cated to 22% for use as a screen for potentially erroneous IgG subclass,
or IgGtot, measurements in need of verification. The corresponding
values for the IgGDiff parameter were a median of −2.10%, a range of
−20.3 to +70.4%, and the 95th percentile of its absolute value was
25.8%. The IgGDiff parameterwas not further considered in our analysis.

Considering the IgGRDiff threshold of ±22%, we next determined
howeffective it would have been, had it been in usewhen the 7 samples
with known hook effect error had been originally tested using the stan-
dard 1:100 sample dilutions. We found that the observed IgGRDiff
values for the 6 IgG4 hook effect samples ranged from −41% to +21%
(−41, −31, 5, 8, 14, and 21%) when the IgG4 concentration was mea-
sured using the standard settings of a 1:100 sample dilution. After sam-
ple dilution to as high as 1:8000, the corresponding IgG4 values
increased from less than 1 g/L, in each case, to values of 22, 23, 4, 14,
10 and 10 g/L, respectively. This degree of underreporting, theoretically,
should have resulted in IgGRDiff values whose value was b−20% in all
cases rather than in only two. In all 6 cases, after appropriate sample di-
lution, the corrected IgGRDiff parameters increased to ≥+22% (22, 27,
30, 48, 51, and 52%, respectively) suggesting that the IgGtot measure-
ment might be negatively biased in these specific samples. Thus, while
the IgGRDiff parameter is a potentially useful indicator of an IgG4
hook effect, its efficacy appears markedly diminished, possibly due to
a large negative bias affecting the IgGtot measurement itself.

With regard to hook effect errors affecting other subclasses, we iden-
tified only one sample, in this specific case a hook effect error affecting
the IgG3 measurement. In contrast to the IgG4 hook effect cases, this
one known case of IgG3 hook effect error was associated with a larger
absolute value of the IgGRDiff parameter (IgGRDiff equal to−51%), cor-
responding to an original IgG3 measurement of 0.06 g/L when mea-
sured at a standard 1:100 dilution (no instrument analytic error flags
noted). After a higher dilution (1:2000), the true IgG3 value of 8.5 g/L
resulted in an IgGRDiff value of 1%. This case of IgG3 hook effect was as-
sociated with a polyclonal increase in IgG3 levels.

After reviewing these results, we next investigated the hypothesis
that the IgGRDiff value is relatively insensitive to the IgG4 hook effect,
due to calibration error affecting the IgGtot method. Similar to the
McLean-Tooke et al. [9], we have noted that the IgGtot method in our
laboratory differs systematically from the IgGsum when total IgG in-
creases, with this effect modulated by the relative concentration of the
major IgG subclass, IgG1. In this analysis, we specifically looked for an
Please cite this article as: Mattman A, et al, Total IgGmethod insensitivity t
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association between IgG calibration error in relation to IgG4 and other
individual IgG subclass values by means of linear regression and step-
wise discriminant analysis using the data set of unique patients whose
samples met the described inclusion and exclusion criteria for the spec-
ificity analysis (n = 163 samples).

Examination of the relationship between IgGRDiff and the relative
proportion of the respective subclasses indicated that IgGRDiff was sig-
nificantly affected by IgG subclass composition. Specifically, there was a
significant association of IgGRDiff with both IgG1RSum (see Fig. 1) and
IgG4RSum (see Fig. 2), with the IgGR4RSumcorrelation being the stron-
ger. In fact, the slope of the curve in Fig. 2 is 1.21 (95% CI 1.06 to 1.35)
with an R2 value of 0.615 (95% CI 0.512 to 0.699, p b 0.001) indicating
that the IgGRDiff parameter is directly related to the IgG4RSum. In
contrast, the regression statistics for IgGRDiff with IgG2Rsum
(slope = 0.18, 95% CI −0.01 to 0.38, p = 0.068; R2 = 0.021, 95% CI 0
to 0.085, p = 0.065) and for IgGRDiff with IgG3Rsum (slope = 0.09,
95% CI −0.54 to 0.71, p = 0.788; R2 b 0.001, 95% CI 0 to 0.026, p =
0.8) revealed no significant associations. There was also a weak but sig-
nificant positive correlation between IgGRDiff and IgGtot (slope= 0.34,
95% CI 0.16 to 0.52, p b 0.001; R2 = 0.077, 95% CI 0.017 to 0.170,
p b 0.001).

The strong relationship between IgGDiff and IgG4RSum is further il-
lustrated by the fact that 10/11 patients with IgGRDiff ≥ +22% had an
IgG4RSum greater than 16% (normal b 5%). The remaining patient had
a relatively low total IgG level (7.1 g/L) and unremarkable individual
IgG subclass levels. In stepwise discriminant analysis, the IgG4RSum
was the sole significant predictive parameter of whether IgGRDiff
would exceed +22%. When high IgG4RSum (N16%) values were
removed, only 3/147 (2%) samples had an absolute IgGRDiff N 22%.
Altogether, these findings suggest that there is a specific relationship
between IgG4 levels and errors in calibration of the total IgG method.
Specifically, the IgG4 subclass immunoglobulins appear to have limited
reactivity with the reagent antibodies utilized in the Siemens total IgG
method.
o the presence of IgG4 immunoglobulins, Clin Biochem (2014), http://
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Since samples from IgG4 related diseasemay lead to two concurrent
analytical errors, an increased risk of the hook effect (with a consequent
negative bias in IgG4), and an underestimation of the IgGtot due to in-
sensitivity of IgGtot to the presence of the IgG4 immunoglobulins, the
IgGRDiff (see Eq. (2))may be relatively close to zero. This interpretation
would explain the apparent insensitivity of the IgGRDiff parameter in
the detection of IgG4 hook effect errors.

Our evaluation of the IgGRDiff differs importantly from the eval-
uation performed by McLean-Tooke et al. [9] with regard to reagents
used and with regard to statistical analyses but nevertheless show
parallels in the sense that total IgG error in both cases was related
to relative IgG subclass composition. Other total IgG methodologies
may be similarly affected by IgG subclass composition but this
further analysis was beyond the scope of this retrospective review.
We anticipate a prospective analysis of the effect of IgG subclass
composition on total IgG levels using the different manufacturer's
total IgG method and IgG subclass methods.

Our study has important limitations. First, we cannot be certain that
we have identified all patient samples that were affected by a hook
effect error. The detection rate of our screening approach for hook effect
errors has not been formally validated in a prospective manner. Second
U
N
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Conclusions

An IgG4RDiff absolute value of 22.8% represents the 95% confidence
limits for this parameter as determined by retrospective analysis of
patient sample data analyzed for IgGtot and IgG subclasses. This
confidence limit proved to be an insensitive marker for the IgG4 hook
effect although the sample size for this sensitivity analysis was too
small to provide definitive results. We found that there was a specific
positive correlation between IgGRDiff and IgG4RSum indicating poor
sensitivity of the IgGtot measurement to IgG4 concentration. This nega-
tive bias of the IgGtot test in the setting of elevated IgG4RSum explains
the observed poor sensitivity of IgGRDiff to the presence of the IgG4
hook effect. In the absence of hook effect errors, the IgGRDiff parameter
is positively skewed by patient samples with relatively high IgG4
concentrations, as these account for 10/11 patient samples with an
IgGRDiff ≥ +22%. This latter observation is also attributed to the apparent
IgG4 insensitivity of the Siemens IgGtot method.
E
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