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9.1. INTRODUCTION

Interfering factors are evident in both limited reagent (radioimmunoassay) and excess
reagent (immunometric assay) technologies and should be suspected whenever there is a
discrepancy between analytical results and clinical findings in the investigation of particular
diseases. The overall effect of interference in immunoassay is analytical bias in result, either
positive or negative of variable magnitude. The interference maybe caused by a wide spectrum
of factors from poor sample collection and handling to physiological factors e.g. lipaemia, heparin
treatment, binding protein abnormalities, autoimmunity and drug treatments. The range of
interfering factors is extensive and difficult to discuss effectively in a short review. Consequently,
the presentation will be restricted to two major areas of direct interference in the immunological
reaction. Firstly, the effect of heterophilic antibodies including human anti-mouse antibodies and
secondly the complex issue of specificity assessment in immunoassay, particularly immunometric
assay.

9.2. HETEROPHILIC ANTIBODIES

The presence of heterophilic antibodies in human serum is now widely recognised as a
cause of interference, generally giving rise to positive bias, in assay systems. This subject was
reviewed in 1988 by Boscato and is now included as a legitimate section in topical reviews of
general immunoassay methodology; Gosling, 1990 [2].

One of the first instances of interference in immunoradiometric assay appeared in 1973
during clinical evaluation of an assay (Aus-RIA-Abbott laboratories) for hepatitis B antigen
where a false positive rate of 80% was evident [3]. This was confirmed in a wider study, 5089
patients, with 91% false positive [4]. This effect, in the majority of cases, could be neutralised
by the addition of normal guinea pig globulin antibodies. This effect was not specific to guineapig
immunoglobulin since antisera to six different species of immunoglobulin similarly gave false
positive effects.

However, this problem is not restricted to immunometric assay since analytical interference
was reported in a solid phase radioimmunoassay using rabbit anti-TSH serum leading to falsely
elevated thyrotrophin estimations [5] The interfering factor was again shown to be IgG and
counteracted by the addition of rabbit IgG. A retrospective study indicated that 5% of
hypothyroid patients were misclassified in the previous twelve months. A similar effect may
occur in solid phase second antibody applications [6,7] if non-immune carrier serum of identical
species to the primary antibody is not included.
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Fig. 7. Schematic diagram illustrating interference in radioimmunoassay
(A) autoantibody; (B) beterophilic antibody.

The mechanism of radioimmunoassay interference can be visualised by referring to Fig. 1.
Consideration of Fig. 1 (A) illustrates the particular case of a solid phase specific anti-analyte
antibody in the presence of an interferant human anti-analyte antibody. If the human antibody
were an anti-thyroglobulin or anti-thyroid hormone autoantibody, of relatively high frequency
in patients with thyroid autoimmune disorders, and the analyte were thyroglobulin or either of
the thyroid hormones, thyroxine or tri-iodothyronine, then the human antibody can be expected
to sequester analyte lowering the binding of labelled analyte to specific antibody and resulting
in spuriously elevated analyte levels [8]. This end result is however, dependent upon the design
of the radioimmunoassay, being mirrored by a double antibody separation system provided that
the second antibody is strictly specific for the first antibody and does not cross-react with the
human antibody. Conversely, charcoal adsorption or -globulin precipitation by polyethylene
glycolleads to an increased binding of tracer analyte and nance falsely low analyte estimates.
Radioimmunoassays for thyroglobulin using double antibody separation procedures have
however been designed to be free from interference from circulating autoantibodies [9] in contrast
to those where marked interference occurs [10] Similarly, if the human antibody cross-reacted
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with the specific analyte antibody preventing binding of the analyte the resultant inhibition of
response would lead to a falsely elevated, or positively biased result. This is probably the
mechanism responsible for the raised TSH estimations described earlier [5]. Addition of species
specific carrier serum would be expected to neutralise this effect but would be ineffective for
autoantibody interference.

Further consideration of Fig. 1 (B) illustrates the mechanism of interference in solid phase
second antibody applications. Here the presence of a heterophilic antibody will lower the
effective concentration of primary analyte antibody leading to a reduced immunoassay response,
as a result of a similarly reduced binding to second antibody, and the consequence of positive
bias. Again, addition of species specific carrier serum would be expected to mitigate this effect
but at the expense of an increase in the optimal concentration of second antibody.
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Fig. 2. Schematic diagram illustrating interference in immunometric assay-twin mouse monoclonal antibodies.

The more familiar situation, heterophilic antibody bridging between twin mouse
monoclonal antibodies in immunometric assays causing spuriously elevated analyte estimations
is illustrated in Fig. 2. A similar situation was apparent in earlier immunoradiometric assays
employing identical species antibodies to form the requisite immunocomplex; guinea pig guinea
pig for hepatitis B antigen [4]; rabbit: rabbit for thyrotrophin [11,12] and mouse mouse for TSH,
hCG, and creatine kinase -MB isoenzyme [13, 14, 15, 16, 17]. It has been advocated6 that a
change in species of one of the antibodies may abolish the interference although this has also been
disputed [12]. This antibody arrangement, Fig. 3, does however introduce further complexity. If
the heterophilic antibody recognises epitopes upon both solid phase specific analyte antibody
(sheep) and the labelled antibody (mouse, monoclonal antibody) then the conventional bridging
situation exists as in Fig. 2 and positive bias results. However, in a UK-EQAS experiment
designed to simulate heterophilic antibody interference, a sheep anti-mouse IgG (SAM) was
added to analyte samples at 0.005% and 0.05% for a range of analytes. The data for growth
hormone is reproduced here as Table 1. The ALTM indicated that in general addition of SAM had
little effect for a range of analytical immunoassays divided approximately, equally between
radioimmunoassay and immunometric assay. Two of the immunometric assays demonstrated the
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expected positive bias as a result of antibody interference. However, the immunoradiometric
assay using solid phase sheep polyclonal anti-hGH operated by the Institute of Biochemistry at
Glasgow Royal Infirmary exhibited a marked negative bias proportional to the concentration of
added SAM. The mechanism for this rinding, Fig. 3, must relate to the SAM action being specific
to the monoclonal antibody, effectively sequestrating the monoclonal antibody and reducing the
assay response with the consequence of marked negative bias. Therefore, in situations where the
species of antibodies complexing the analyte are different the interference is far more problematic
for the clinical chemist, causing either positive bias or negative bias dependent upon the spectrum
of specificity of the heterophilic antibody.
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Fig. 3.Schematic diagram illustrating interference in immunometric assay — antibodies from different species.

The incidence of heterophilic antibody interference as reported in the literature is widely
variable. In an assay devoid of any factors likely to prevent the discovery of heterophilic
antibodies Boscato [16] demonstrated the likelihood that 50% of test sera could be implicated.
A 15% false positive rate was detected in a normal population assayed by an 'in-house' two-site
mouse monoclonal antibody assay for hCG. This is in contrast to lower incidence figures of 9.1 %
[17], 7% [6], 6.6% [3], and 1.2% [4] with several estimates lower than 1% [18,19,20]. The wide
discrepancy in incidence undoubtedly relates to the success or otherwise of modifications to assay
protocols designed to neutralise the interference.

Three patients sera with heterophilic antibody were studied in detail by Csako [21]. The
conclusion of this study is detailed in Fig. 4. A two-site monoclonal antibody immunoradiometric
assay for thyrotrophin was used with the addition of mouse whole IgG and fragments in an
attempt to block the effect of heterophilic antibody. Addition of intact mouse IgG or Fc fragment
successfully inhibited the interference, whereas Fab or F9ab)2 fragments failed int his respect
since the expected positive bias was maintained. Rat and horse IgG and fragments were variable
and ineffective respectively. These authors forwarded the view that if heterophilic antibodies were
solely directed to epitopes coincident with the constant region of the analyte antibodies then
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substitution of whole IgG by Fab or F(ab)2 fragments would be expected to prevent heterophilic
antibody interference. However, this view must be regarded as simplistic since Boscato [1]
demonstrated heterophilic antibodies directed against an epitope residing upon the F(ab)2
fragments of mouse IgG, which is common to a variety of species including bovine, ovine,
equine, guinea pigt, rat and monkey immunoglobulin but not cat, dog or rabbit immunoglobulin.
Heterophilic antibody directed to rabbit IgG epitopes was however clearly demonstrated by
Howanitz [12].

TABLE 1. ADDITION OF SHEEP ANTI-MOUSE IGG TO AN HGH IMMUNOMETIC ASSAY

GROWTH HORMONE (mU/L)

Method

1. ALTM

2. RIA

3.Netria(TRMA)

4. IDS

5. PHARMACIA

6. CELLTECH

7. GRI

Sheep Anti-Mouse IgG

0

6.1

5.5

7.3

8.3

5.8

6.6

6.1

0.005%

6.7

5.5

96-110.5

12.8

5.7

6.6

4.0

0.05%

5.9

5.3

68.99

8.2

5.4

6.4

1.3

Comments

RIA/IRMA

21:27
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Fig. 4. Schematic diagram illustrating interference in immunometric assay — Diminution by IgG fragments.
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As a result of these studies modifications to immunoassay protocols have been devised to
neutralise the effect of heterophilic antibodies. Usually inclusion of normal animal serum, as a
source of the appropriate IgG, of identical species to the specific antibodies involved in the
analysis solves the problem [12, 15, 16]. Use of animal serum IgG unrelated to the species of
specific assay antibody has proven of mixed success [6,17]. It would seem prudent for clinical
chemists to beware spuriously elevated or depressed results and question their clinical validity.
Consequently a bank of sera with properties of assay interference could be established of obvious
value to 'in-house' and commercial assay manufacturers in deciding appropriate strategies to fully
counteract this interference.

9.3. HUMAN ANTI-MOUSE ANTIBODIES

The interference caused by heterophilic antibodies has now become enhanced by the
increasing clinical application of mouse monoclonal antibodies for immunoscintigraphy and
immunotherapy in oncology [22, 23]. Human antimouse antibody (HAMA) titres induced by the
injection of murine monoclonal antibodies have been shown to be several fold greater than those
observed for heterophilic antibodies [24]. False positive responses caused by HAMA were
demonstrated in four immunometric assays for CEA, one 'in-house' and three commercial
systems despite the inclusion of 1% mouse serum to prevent heterophilic antibody effects [24,
25]. Increasing the concentration of mouse serum in the 'in-house' assay, or heating the samples
to 70°C, was ineffective in removing the HAMA interference. Extreme measures; polyethylene
glycol precipitation, heat treatment to 90°C, adsorption with anti-human IgG or Protein A, were
necessary to abolish the HAMA effect. Kricka et al [26] studied HAMA interference in a two site
immunoenzymatic assay of hepatitis B surface antigen in two patients receiving mouse
monoclonal immunoglobulins. Interference was blocked by inclusion of mouse immunoglobulin
in one patient but in the other the specific therapeutic antibody required to be included to
counteract the HAMA effect.

Other workers have clearly demonstrated HAMA interference to be due to human anti-
idiotypic antibodies elicited in response to the injection of OC-125 monoclonal antibody raised
against CA-125 in immunoscintigraphy for ovarian cancer [27,28]. The interference caused here
cannot be removed by the inclusion of mouse immunoglobulin in the CA-125 assays. These
difficulties appear to be compounded in that the monoclonal antibodies used in clinical treatment
and either side of the immunometric assay are identical. A remedial measure is maybe to ensure
that the monoclonal antibodies used in clinical practice and immunoanalysis are different. In
cases where this is not possible at current levels of scientific progress inclusion of non-specific
mouse immunoglobulin allotypically and isotypically matched to the reagent antibody would
seem to be good analytical practice. However, due to the continued existence of interference
compounded by the clinical applications of monoclonal antibodies, the clinical chemist must
remain vigilant in detecting analytically biased results to ensure that false clinical decisions do
not ensue. At this stage it would seem prudent to study patients subjected to monoclonal antibody
therapy separately, particularly if expensive and tedious pretreatment procedures become
necessary to prevent HAMA interference. This policy if instituted would require the development
of rapid HAMA screening assays to isolate those samples requiring pretreatment if clinical and
diagnostic efficiency were to be maintained.

9.4. SPECIFIC IN IMMUNOMETRIC ASSAY

Interference in immunoassay techniques can be apparent if the antibody reagents employed
are not entirely specific for the analyte. Assessment of adequate specificity therefore represents
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a key factor in the optimisation of any immunoassay if interference is to be minimised. In limited
reagent assays, radioimmunoassay, analysis of specificity is conventionally assessed by the
substitution of standard analyte by potential interferant or cross-reactant. Any reactivity between
antibody and cross-reactant causes a reduction in assay response (using % bound vs. Dose of
analyte as coordinates) consequent to a potential overestimate in subsequent analyte estimation.

However, assessment of specificity in immunometric assays is more complex and unless
particular care is taken in appropriate conclusions may be drawn. The majority of excess reagent
assays, immunometric assays, use two separate antibodies recognising different epitopes on the
analyte. Cross-reaction may therefore occur due to recognition by both antibodies together or
either labelled or solid phase antibody alone assuming both antibodies are present in a single
incubation. To a certain degree non-specificity can be improved by designing assays to include
separate incubations interspersed with a wash step but this is tedious and abnormal in busy
clinical chemistry laboratories particularly for 'in-house' immunoradiometric assays.

The difficulties associated with specificity assessment in immunoradiometric assay were
reemphasised on consideration of the results of a UK EGAS investigation into the effects of
human placental lactogen (H.L.) addition to a growth hormone (HGH)ambones. Table 2 provides
a summary of the data. Radioimmunoassay methods were shown to cross-react, identified as an
expected overestimate of analyte concentration as described above. Examination of the data from
excess reagent methods again demonstrated wide variation in cross-reactivity from a minimal 8%
to a highest recorded level of 565%. However, the interference or cross reactivity always led to
overestimates or positive bias. The immunoradiometric assay operated by the Institute of
Biochemistry, Glasgow Royal Infirmary, was apparently free from cross-reaction and totally
specific. This situation was received with some surprise since other investigations conducted
during the optimisation phase of this assay, which used a sheep polyclonal anti-HGH IgG on solid
phase and a radioiodinated mouse monoclonal antibody, has led us to the conclusion that a
marked cross-reactivity, or interference, would have been expected from H.L. Indeed a project
initiated by this situation to replace the mouse monoclonal antibody had been in place for some
months prior to the UK-EGAS experiment. To investigate further three experiments were
undertaken. Firstly, a classical specificity assessment where separate standard curves were
constructed one with HGH standards and the other with the HGH standard substituted by H.L.
Secondly, four standard HGH curves were examined three of which were subjected to constant
H.L. additions of 50 250 and 10 000 ug/L respectively. Thirdly, the recovery of a constant
concentration of HGH was estimated from a series often pregnancy sera of variable endogenous
H.L. concentrations.

As a result of these studies modifications to immunoassay protocols have been devised to
neutralise the effect of heterophilic antibodies. Usually inclusion of normal animal serum, as a
source of the appropriate IgG, of identical species to the specific antibodies involved in the
analysis solves the problem [12, 15, 16]. Use of animal serum IgG unrelated to the species of
specific assay antibody has proven of mixed success [6, 17]. It would seem prudent for clinical
chemists to beware spuriously elevated or depressed results and question their clinical validity.
Consequently a bank of sera with properties of assay interference could be established of obvious
value to 'in-house' and commercial assay manufacturers in deciding appropriate strategies to fully
counteract this interference.

Fig. 5 illustrates the results of the cross reactant substitution experiment. The dose response
curve for HGH behaved as expected with an increasing response directly proportional to the dose.
However, a two phase calibration curve was obtained upon substitution with H.L. the signal
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increasing up to a concentration of 250 ug/L which could be interpreted as cross-reaction
equivalent to 5 ug/L (10 MU/L) HGH. AT higher concentrations the signal begins to fall
eventually returning to baseline levels at an H.L. dose of 60 000 ug/L (60 mU/L). This should
not however be taken as evidence that at elevated H.L. doses the cross reactivity improves!!
Eventually achieving zero. Irnrnunoassayists will recognise this phenomenon as the high dose
'hook effect' a potential hazard for the misclassification of analyte doses in single stage
immunometric assays caused by the analyte dose exceeding the binding capacity of one or both
of the constituent analyte antibodies. Nevertheless, standard substitution methods, widely used
in the assessment of specificity in radioimmunoassay, are obviously inadequate for
immunometric methods.

A clue to the resolution of this dilemma is given in the cross-reactant addition experiment,
Fig. 6. At the lower concentrations of H.L. added a dramatic increase in responsivity occurs in
those tubes not containing HGH standard, with the remainder of the standard curve exhibiting a
flattened appearance. The flattened response curve is maintained at higher levels of H.L. addition
but the overall responsivity is reduced as the capacity of the analyte antibodies is exceeded. The
addition experiment demonstrates clearly that an assay with a serious H.L. cross-reaction would
be unable to demonstrate analytical recovery of added HGH, depending upon the initial
concentrations of both HGH and H.L. In the UK-EGAS experiment, Table 2, the apparent
absence of H.L. cross-reaction in the Glasgow assay resulted from the addition of 6 mU/L H.L.
to a sample of undetectable HGH concentration, where only increases in assay response
quantified poor specificity. In this case the H.L. addition exceeded the binding capacity of either
constituent antibody resylting in an inhibition of assay response with the resultant erroneous
conclusion that specificity was appropriate when in fact the contrary was the case. Had the UK-
EGAS experiment been performed on a serum containing 10 ug/L (20 mU/L) of endogenous
HGH then the addition of 6000 ug/L (6 mU/L) H.L. would have caused substantial signal
suppression consistent with a marked specificity problem.

TABLE 2. SUMMARY OF UK-EGAS CROSS REACTION EXPERIMENT

Summary of UK EGAS Cross Reaction Experiment
(Basal pool + 6 mU/L H.L. 73/545)

Method GH Increment (mU/1) % Cross Reactivity*

47
110

63
565
25
60
8

157

C. GRI 'in house' IRMA 0 0

•% Cross Reactivity = hGH increment (mU/D x 100 hPL added (mU/1)

63

A. Limited reagent methods
'In house' RIA
CISRIA

B. Excess reagent methods
'In house' non-isotopic
Celltech Sucrosep
NetnalRMA
Pharmacia
Hybritech Tandem-R
IDS Omnia

2.8
6.6

3.8
33.9

1.5
3.6
0.5
9.4
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Fig. 5. Dose response curves for HGH (-) and H.L. (-) in a two site HGH immunoradiometric assay.
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Fig. 6. The effect of H.L. addition ([] - []) 50 fig/L. - 250 fig/L and -10.000 fig/L H.L.) to an
HGH does response curve (-).

64



A recovery experiment with the addition of a constant HGH concemntration (11.7 mU/L)
to a series of 10 pregnancy sera, with endogenous H.L. levels of 4-21 mU/L exhibited the
expected lack of recovery secondary to poor specificity. (Table 3). Substitution of an alternative
mouse monoclonal antibody of improved specificity for HGH and reassay of identical recovery
samples gave a mean recovery of 104% (range 93-120%).

The importance of recovery estimations in the assessment of specificity was further
confirmed by a study designed to determine TSH cross reactivity during the optimisation stage
of an immunoradiometric assay for FSH [30]. Here the effect of addition of hTSH [IRP 80/558]
at 0.25 and 100 mU/L to the FSH dose response curve was examined (Fig. 7).

The presence of increasing concentrations of hTSH standard caused a progressive reduction
in assay response for each of the FSH standards studied suggesting an interference or lack of
specificity. However, a recovery experiment was performed on 31 male sera, the majority of
which were hypothyroid (TSH range 3.8—230 mU/L), with the addition of a constant 5 U/L FSH
(IRP 78/549). The mean recovery of FSH was 101.3% demonstrating no interference or lack of
specificity. The HTSH standard used in these studies must therefore have contained substances,
not present in serum, which were capable of binding to one of the antibodies causing a reduced
signal in the hFSH IRMA.

Specificity assessment in immunoradiometric assay is therefore more complex than
radioimmunoassay. It is not appropriate to rely on conventional standard substitution or addition
experiments since misleading conclusions may be drawn. Standard substitution data is widely
used as a measure of specificity in the scientific literature, consequently it is prudent to question

Recovery of HGH added to the sera of pregnant subjects

TABLE 3. RECOVERY OF HGH ADDED TO PREGNANCY SERA

Basal hPL
concentration

(mU/L)

4.0

7.0

8.1

9.0

10

11

12

15

15

21

Basal hGH
concentration

(mU/L)

5.87

1.67

2.30

2.87

2.37

2.44

2.26

2.08

1.75

1.02

Basal+11.7
mU/L hGH

(UK8) (mU/L)

6.38

2.35

2.79

3.29

2.88

2.80

2.72

2.27

1.94

1.15

% Recovery

4.3

5.8

4.2

3.6

4.4

3.1

3.9

1.6

1.6

1.1

Mean Recovery 3.36%
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hFSH dose response curve (-).

the validity of specificity data in cases where interference causes analytical and clinical opinion
to diverge. Problems may also be caused related to the quality of standard materials used as a
basis for the specificity assessment. The assessment of recovery of hormone standard, preferably
the international reference preparation, from patient samples containing Patho-physiological
levels of potential cross-reacting species is recommended as currently the most reliable indicator
of cross-reaction or interference problems.
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