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SUMMARY
Background: The purpose of this study was to investigate the immunological and physical characteristics of IgM-λ
type M-protein from patients who were measured low in the turbidimetric immunoassay (TIA) IgM assay without
error codes for high concentration to determine the cause of the false low levels and to clarify the mechanism of
their occurrence.
Methods: Materials were IgM patient samples and 8 serum samples from other IgM M-protein patients as controls. Patient samples were assayed by the TIA method, in which five manufacturers and six models (two reagent
manufacturers) share the principle, and the BN ProSpec method (nephelometric method), which has a different
principle. Dilution linearity tests, IgG addition experiments, isoelectric point electrophoresis, and hydrophobic
chromatography were performed on patients and subjects. In addition, the binding capacity of γ-globulin by
BIACORE was also examined.
Results: The reaction curve of the patient IgM curved downward when the concentration of IgM exceeded 20 g/L,
and no error code was obtained. In the measurement by the TIA method of five manufacturers and six models,
patient IgM was measured at a false low level with no error code obtained in undiluted dilution by any of the instruments and reagents, but could be measured without any problem by the nephelometric method. In addition, in
the patient IgG addition experiment, only patient IgM showed a false low level under high IgG concentration.
Furthermore, the binding capacity of patient IgM to γ-globulin (IgG) by BIACORE was significantly higher than
that of the control IgM-type M protein.
Conclusions: Patient IgM has an affinity (binding capacity) for IgG and forms an IgM-IgG complex under conditions of high IgG concentration. It was speculated that this complex inhibited the reaction with the anti-IgM antibody and the absorbance of the second reaction did not increase, suggesting a false low.
(Clin. Lab. 2022;68:xx-xx. DOI: 10.7754/Clin.Lab.2022.220203)
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INTRODUCTION

position by immunoelectrophoresis (IEP) (Figure 1B).
The immunoglobulin levels measured by TIA (Cobas8000, c702, Roche) were: IgG, 32.57 g/L; IgA, 2.58
g/L; IgM, 2.28 g/L. Cryoglobulin, Sia test (spot immunoprecipitate assay), and qualitative urinary Bence
Jones Protein (BJP) test were negative. Since there were
deviations among the IEP findings, M protein level in
the serum M protein fraction, and IgM level were measured by TIA, the serum was 10-fold diluted and measured by TIA and the IgM level was 38.38 g/L. When it
was measured without dilution, a ‘high concentration
error code’ was not displayed and no influence of turbidity was observed in the reaction curve.

Immunoassay is a useful method for the detection of a
trace substance in clinical samples, but certain substances (proteins in many cases) in blood samples cause
nonspecific reactions in the reaction system and influence the measurement result. A falsely high result
caused by human anti-mouse antibody (HAMA) was
initially reported as a nonspecific reaction in immunoassay in an hCG measurement system in 1985 [1]. After
that, false high and low levels caused by substances
other than HAMA, such as heterophilic antibody [2],
rheumatoid factor [3], and M protein (monoclonal protein) [4,5], have been reported. To improve the measurement system to reduce such nonspecific reactions in
immunoassays, several blocking agents and reducing
agents have been added as a prevention method [6].
However, measurement devices are capable of only displaying an error code informing of a high concentration,
so that laboratory technologists need to discover nonspecific reactions at the time of the test item measurement based on the following items: 1) Abnormally high
or low measured value [7], 2) negative value [8], 3)
checking by comparison with other items, 4) inconsistency with clinical findings.
Though nephelometry [9], latex agglutination [10], and
turbidimetric immunoassay (TIA) are available for immunoglobulin measurement [11], TIA is frequently
used because of its low operational cost [12]. Immunoglobulin measuring instruments display an ‘error code’
in the following conditions: 1) The immunoglobulin
level is high, 2) white turbidity occurs in the reaction
with polyethylene glycol (PEG) in the first reaction, and
the abnormality is discovered by confirming the reaction curve plotting measurement points and changes in
the absorbance. Therefore, so far, we have presumed
that no erroneous report of immunoglobulin measurement by TIA if we did not miss abnormal values and the
error code.
In this study, we discovered IgM-type M protein, which
caused a falsely low level of IgM without error notification in IgM measurement by TIA. We reported the case
in a Japanese Journal named “Rinsho Byori (in Japanese)” as a preliminary case report in 2018, in which we
only investigated and discussed the routine laboratory
test results. To investigate the cause of this false low
level (developmental mechanism), we analyzed the immunochemical and physicochemical characteristics of
IgM-type M protein of the patient using samples of
other patients with IgM-type M protein as a control.

MATERIALS AND METHODS
Materials and immunoglobulin measurement devices
Eight patient serum samples with IgM-type M protein
for which consent to the use of the residual samples after completion of the tests was obtained were used as a
control. The immunoglobulin measurement device used
by our laboratory is the Cobas8000 c702 module of
Roche Diagnostics K.K. (Roche) and the measurement
reagent is ‘Auto Wako IgM • N’ (Fuji Film Wako Pure
Chemical Corporation). In this study, immunoglobulin
was measured using Cobas8000 (Roche), H-7180 (Hitachi High-Tech Corporation), BM 6050 (JEOL Ltd.),
c16000 (Canon Medical Systems), AU640 (Beckman
Coulter Inc.) for the measurement device and ‘Autowako IgM • N’. In addition, immunoglobulin was measured using BM8030 (JEOL Ltd.) for the measurement
device and ‘N-Assay TIA IgM-SH Nittobo’ (Nittobo
Medical Co., Ltd.) for the reagent. Furthermore, immunoglobulin was measured using a measurement device
of nephelometry, BN ProSpec (Siemens Healthcare
Diagnostics, K.K. (Siemens)) and ‘N-anti- serum IgM’
(Siemens). The serum protein fraction was measured
using Epalyzer 2 Junior (Helena Laboratories). IEP was
performed employing the conventional method using an
agarose plate for IEP (Helena Laboratories). The antibodies and γ‐globulin used were products of Helena
Laboratories and Sigma-Aldrich Co. LLC, respectively.
It has been confirmed that the concentrations of IgG,
IgA, and IgM in 10 g/L human γ‐globulin solution are
6.91, 0.22, and 0 g/L, respectively.
Methods
Confirmation of dilution linearity and display of error
code: Ten-fold serial dilution systems of the patient and
control samples (sample 7: IgG, 11.49 g/L; IgA, 0.46
g/L; IgM, 41.50 g/L) were prepared with saline and the
measured concentrations and the presence or absence of
an error code display were observed.
Measurement using other measurement devices: The patient serum was subjected to measurement using 6 TIAbased models of 5 manufacturers and nephelometrybased BN ProSpec.

Case
This patient was a female in her 60s with Waldenstrome’s Macroglobulinemia. The main test findings were:
total protein (TP),10.0 g/dL; ALB, 2.6 g/dL; CRP, 1.4
mg/dL; Hb, 9.8 g/dL. Polyclonal hypergammaglobulinemia and the presence of 32.7% (32.7 g/L) M protein at
β position were detected in serum protein fraction (Figure 1A), and IgM λ-type M protein was detected at β
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Gamma globulin addition experiment: Gamma globulin
was added to the patient serum in which IgM was decreased by treatment and the undiluted sample got an
error message and 7 samples of IgM-type M protein in
which the undiluted sample got an error message (final
IgG concentration: 29.78 - 42.7 g/L), and whether the
addition influences the measured value of IgM was observed.
Comparison of ammonium sulfate recovery rate: Since
a difference in the ammonium sulfate fraction recovery
rate was noted between the patient and control samples
in the patient IgM purification process, the ammonium
sulfate recovery rate was compared between the patient
sample and 7 IgM-type M protein samples. As shown in
Figure 2 left flowchart, ammonium sulfate treatment
was performed as follows: The patient and control sera
were diluted 2-fold with PBS, mixed with 500 μL of
saturated ammonium sulfate at 1:1, kept standing for 24
hours at 4C, and centrifuged at 10,000 rpm for 15
minutes. The supernatant was collected, washed with
500 μL of 50% ammonium sulfate, and centrifuged
again at 10,000 rpm for 15 minutes, and the γ globulin
fraction was acquired.
Findings of isoelectric focusing: After ammonium sulfate treatment, the patient and control sera were applied
to gel filtration chromatography following Figure 2
right flowchart and the IgM fraction was collected. The
IgM fraction was concentrated using Amicon 100K, and
the IgM concentration was measured by TIA, adjusted
to 0.5 mg/mL, and used as a sample. The isoelectric
point was compared using Phast System (GE).
Hydrophobic interaction chromatography findings:
HPLC Prominence (SHIMADZU) was used. The patient and 6 control samples purified by ammonium sulfate fractionation and gel filtration chromatography
were applied to hydrophobic interaction chromatography. In addition, albumin-removed samples of the patient and control sample  were prepared using EconoPac Serum IgG Purification Column (DEAE Affi-Gel
blue gel, BIO-RAD) and analyzed following the package insert.
Analysis of binding to γ-globulin using BIACORE:
Using a device analyzing the intermolecular interaction,
BIACORE (GE), the patient serum and partially purified sample after ammonium sulfate fractionation were
added to the sensor chip to which γ-globulin collected
from healthy subjects was immobilized, and binding to
γ-globulin was measured. Six control samples were similarly measured.

ue was 40.5 g/L at a dilution rate of 10-fold (1/10), but
the error message notifying of a high level was displayed only up to 2-fold, and no error code was displayed in the higher concentration range which was
measured as 2.0 - 4.0 g/L false low level (Figure 3A).
The reaction curve of the patient serum measured using
cobas is shown in Figure 3B.
The absorbance did not increase in the original sample
and was measured as a low level, but the absorbance increased when the serum was diluted 2, 5, 10, 20, and
40-fold and showed an error code (Figure 3B).
Measurement using other measurement devices
None of the other TIA-based measurement devices (6
models of 5 manufacturers) displayed an error code for
the undiluted sample. Regarding the measurement reagent, the results were the same when a reagent of N
Company was used. However, using nephelometrybased BN ProSpec, IgM was measured as 35.7 g/L (Table 1).
Gamma globulin addition experiment
Gamma globulin was added to the 7 samples of IgMtype M protein getting an error code in the measurement
of undiluted samples, the final IgG concentration was
adjusted to 30.0 - 40.0 g/L, and IgM was measured. All
samples showed an error code. On the other hand, when
γ-globulin was added to the sample which resulted in
getting an error code which may have been due to decreased in IgG and IgM by treatment, the error code
was again not displayed (not shown in Table).
Comparison of the ammonium sulfate fraction recovery rate
The IgM recovery rate was 70% or higher in all control
samples excluding the sample of the Sia test-positive
patient. In the patient sample, the recovery rates of IgG
and IgA were 75.4 and 72.8%, respectively, showing as
high a recovery rate as those in the control samples, but
the IgM recovery rate was 40.0 - 47.8%, being low, and
only the IgM recovery rate was decreased. In analysis of
the ammonium sulfate fraction of the patient sample
shown in Figure 4, the measured values of IgG, IgA,
and IgM after treatment with ammonium sulfate showed
dilution linearity. Almost no globulin component was
detected in the supernatant after treatment with ammonium sulfate in analysis using protein fraction electrophoresis. Large amounts of IgG and IgM were detected
in the ammonium sulfate-treated sample. Regarding the
recovery rate, the experiment was repeated several
times, but the IgM recovery rate was low (Figure 4).

RESULTS
Findings of isoelectric focusing
In control samples  - , the major band was detected at pI5.2 or lower, and smear was noted around
pI6.5. In sample , the major band was detected around
pI6.7. In control , not shown in the figure, the major
band was detected around pI7.4. In contrast, in the patient sample, the major band was detected around pI6.5.

Confirmation of dilution linearity and error code
display
In the control samples, an error code notifying of a high
level was displayed for the original sample and a high
concentration range at a low dilution rate in all dilutions
excluding 1/10. However, in the patient sample, the val-
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Table 1. Measurement of patient IgM by other machines.
Dilution

Cobas8000

H-7180

BM 6050

* BM-8030

C 16000

AU 640

×1

1.85 g/L

2.69 g/L

1.13 g/L

1.01 g/L

4.79 g/L

6.61 g/L

× 10

3.95 g/L

3.81 g/L

4.22 g/L

3.67 g/L

3.73 g/L

3.83 g/L

Reagent: W company, * - N company.

Table 2. Analysis of combination ability of γ-globulin by BIACORE.
Serum

Control

Purified sample

Sample No.

IgM (g/L)

γ - G (RU)

IgM (g/L)

γ - G (RU)

①

16.36

31

1.37

63

④

18.73

3

1.37

80

⑤

28.17

4

6.48

2

⑥

43.00

46

8.69

100

⑦

40.00

27

9.32

91

⑧

12.53

36

4.64

93

22.90

72

6.76

107

Pt
Sample ②, ③ - not test.
RU - binding capacity.

A band was also detected at a point of pI5.2 or lower
and it was not characteristic compared with that in the
control (Figure 5).

beginning, but when measurement was performed using
6 models of 5 manufacturers used in Japan other than
the model used in our laboratory, the IgM concentration
was measured as a false low level by all devices. Therefore, we considered that it may be due to a specific
physicochemical property of IgM of the patient with the
false low level. Thus, using sera of 7 patients with IgMtype M protein as a control, we investigated the immunochemical and physicochemical characteristics of the
patient IgM and discussed the developmental mechanism of the abnormal reaction.
In this study, the following experiments were performed
to investigate the characteristics of the patient IgM:
First, involvement of IgG in the abnormal reaction was
confirmed because the IgG level was also abnormally
high. To confirm it, we used 7 control samples of patients with IgM-type M protein and the patient sample
in which IgM was decreased by treatment and resulted
in getting an error code, the influence of addition of IgG
was investigated. In the control samples, an error code
was displayed even though the IgG level was high, but
an error code was not displayed again in the patient
sample, confirming that the patient IgM had a characteristic different from that of the other control IgM-type M
proteins and the abnormal reaction occurred due to the
involvement of IgG in the patient IgM. Since the ammonium sulfate fraction recovery rate was lower than
that of the control samples in the purification process of

Hydrophobic interaction chromatography findings
The elution time was similar to that of control IgM. In
addition, bimodal peaks were detected in contrast to
single-peak M protein detected in many controls (Figure
6). Albumin-removed samples were also measured, but
no difference from the control was noted.
Analysis of binding to γ-globulin using BIACORE
The γ-globulin binding was 4 - 46 RU in the control
samples and 71 - 72 RU in the patient sample. It was 2 100 RU in the control samples after ammonium sulfate
treatment, whereas it was 105 - 110 RU in the patient
sample. Strong γ-globulin-binding ability was observed
in the patient sample without ammonium sulfate treatment (Table 2).

DISCUSSION
In this study we reported IgM-type M protein although
the true IgM level was high, no error code was displayed on the measurement devices when the undiluted
sample was measured by TIA and it was measured as a
low level. We considered it equipment failure at the
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Figure 1-A. Protein fraction pattern of the patient serum.
M protein detected in the β fraction area (M protein: 32.7 g/L).

Figure 1-B. Immunoelectrophoresis pattern of the patient serum.
C - control serum, P - patient serum, A-γ - anti-human γ-heavy chain antibodies, A-α - anti-human α-heavy chain antibodies, A-μ - anti-human
µ-heavy chain antibodies, A-WHS - anti human whole serum antibodies, A-κ - anti-human κ-light chain antibodies, A-λ - anti-human λ-light
chain antibodies, A-δ - anti-human δ-heavy chain antibodiesIgM λ-type M protein detected at the β area (indicated by arrows).

Figure 2. Purified of patient’s IgM.
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Figure 3-A. A straight course of dilution and error code.
The control sample produced an error code at all tested dilutions. In the patient sample (Pt), presumed IgM concentrations of 20.0 g/L or less
did not trigger an error code.

Figure 3-B. Reaction time course of the patient IgM in Cobas 8000.
Over the first 20 points, the absorbance remained low for all samples. After the absorbance rose by more than twice the dilution, the sample
triggered an error code.

the patient IgM, we presumed the presence of a difference in hydrophobicity between the patient IgM and
control IgM. However, no difference was noted in the
time-point of IgM detection on hydrophobic interaction
chromatography, showing no difference in hydrophobicity. In addition, no difference was noted in the isoelectric point between the patient IgM and control IgM.
Furthermore, in analysis using BIACORE, the KD (M)
value was 1.08E-0.8 in the patient and 3.62E-0.8 in the
control, showing no problem in the reactivity between
the reagent (anti-IgM antibody) and sample (purified
patient IgM). However, when γ-globulin was immobilized to BIACORE sensor chip to observe binding to
IgG and the patient and control samples were applied
and compared, significant binding to γ-globulin was observed in the patient sample. This binding was marked
in the non-purified patient sample, suggesting that immune complexes formed by the patient IgM and surrounding plasma protein is involved in the abnormal reaction. Based on these findings, the abnormal reaction
was unique to the patient IgM. It was suggested that the
patient IgM strongly binds to IgG (non-covalent bond)
and the non-covalently bound IgM-IgG complex inhib-

ited reaction with anti-IgM antibody, which is the 2nd
reaction reagent, in measurement of the original serum,
leading to the false low level.
We previously encountered terminal liver cancer patients in whom IgG formed a complex with other plasma proteins in AFP measurement employing LBAEATA. The complex inhibited the normal reaction system and led to a false low level, being similar to the developmental mechanism in the present patient. These
abnormalities were improved by modifying the reaction
matrix. In studies reporting an influence of other immunocomplexes on the measured value, IgA-type M protein bound to albumin and fructosamine was measured
as a false high level [13], IgG-type M protein bound to
anticoagulant, EDTA, and peripheral blood WBC was
measured as a false high level on measurement using
the mechanical method [14]. In addition, it has been frequently reported that a high level inconsistent with clinical findings discovered by isozyme test was due to
immunoglobulin binding (anomaly) [15,16]. Furthermore, 1 year after encountering the present patient, we
encountered a patient with other IgM-type M protein in
whom no error code was displayed when the undiluted
6
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Figure 4. Analysis of treatment with ammonium sulfate.

Figure 5. Patient’s purified IgM pattern of isoelectric focusing.
A band was also detected at a point of pI5.2 or lower and it was not characteristic compared with that in the control.
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Figure 6. The elution time was similar to that of control IgM. Patient’s purified IgM pattern of the hydrophobic chromatography.

sample was measured, as observed in the present patient, and IgM–κ-type M protein was measured as a
false low level. On analysis of this 2nd case showing a
false low-level IgM, white turbidity (also confirmed
visually) occurred and this was presumed to be a reaction with PEG in the primary reaction. Even though a
secondary antibody was added, the change in the absorbance was small and IgM was measured as a low level
due to the influence of the turbidity of the primary reaction. Since the cause of the present case was the influence on PEG in the primary reaction, the values of IgA
and IgM measured using the same reagent were also influenced. In the 2nd case, the reaction curve was markedly abnormal and IgA was measured as an abnormally
low level depending on the measurement model, so that
discovery of the abnormality may have been possibly
depended on the measurement model. In the present
study, the IgM concentration was also measured by
nephelometry (measurement device: BN ProSpec, reagent ‘N-anti-serum IgM’), but it was not measured as a
false low level. This may have been due to the presence
of the ‘serial dilution’ step in the nephelometry-based
measurement system, which is not present in the TIAbased measurement systems generally used now.
A reaction process approximate analysis tool has recently been developed and enabled displaying an alert for

erroneous measurement due to an unknown M protein,
through which measurers can discover abnormality [17,
18]. However, in the present patient, the shape of the reaction curve was not abnormal and only a difference in
the influence of dilution was observed, so that its detection may be difficult even though MiRuDa and analysis
tools of JEOL and Beckman are used.

CONCLUSION
In this study, the immunochemical and physicochemical
characteristics of IgM-type M protein measured as a
false low level in immunoglobulin measurement by TIA
were investigated. The patient M protein measured as a
false low level had a high IgG binding ability, confirming its involvement in the occurrence of the abnormal
reaction. We have already encountered 2 patients with
different developmental mechanisms, suggesting the
presence of other cases measured as a false low level.
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