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Abstract

Objectives: Immunoassays used to assess thyroid func-
tion are vulnerable to different types of interference that
may affect clinical decision-making.
Case presentation: We report the case of a 37-year-old
woman who developed iatrogenic hypothyroidism after
having received radioiode therapywho visited our hospital
for her annual checkup. The patient was asymptomatic,
without signs suggestive of thyroid disease. However,
laboratory analysis proved otherwise: thyrotropin (TSH)
7.75 mU/L, thyroxine (FT4) >7.7 ng/dL.
Conclusions: The inconsistency between her clinical
symptoms and the biochemistry data raised the possibil-
ity of a methodological interference. A thorough evalua-
tion of the main causes of interference was conducted in
the laboratory to exclude the presence of interference in
TSH and FT4. Finally, different interfering agents were
identified, which affected free thyroid hormone and TSH
determination.
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Introduction

The parameters used to assess thyroid function include
thyrotropin (TSH), free thyroxine (FT4) and free triiodo-
thyronine (FT3). In some settings, the relationship between
TSH and thyroid hormones does not fit with the expected
feedback mechanisms. This may be due both to a patho-
physiological process and to methodological interference.
The immunoassays used to assess thyroid function are
vulnerable to different types of interferences that may
affect clinical decision-making [1].

Case presentation

A 37-year-old woman treated with levothyroxine who
developed iatrogenic hypothyroidism after having received

radioiodine therapy was seen in our hospital (laboratory 1)

for her annual checkup.
The patient was asymptomatic, without signs sugges-

tive of thyroid disease. Her biochemistry demonstrated: TSH
7.75 mU/L (reference value [RV]: 0.38–4.84), FT4>7.7 ng/dL
(RV: 0.8–1.8) and FT3 of 7.6 pg/mL (RV: 1.8–4.6 pg/mL). The
three parameters were measured using an automated elec-
trochemiluminescent immunoassay analyzer (Cobas 8000®
[RocheDiagnostics®]). The euthyroid state of thepatientwas
confirmed by determination of sex hormone-binding glob-
ulin, which was 38.7 nmol/L (RV: 11–124).

The presence of elevated concentrations of thyroid
hormones, normal or elevated TSH levels, the absence of
clinical symptoms of hyperthyroidism and in the absence
of pharmacological interferences raised the possibility of
a methodological interference. The main causes of inter-
ference in TSH and FT4 determination were evaluated
including macro-TSH, heterophile antibodies, thyroid
autoantibodies, biotin, antistreptavidin or antiruthenium
antibodies [2–7]. The presence of interferences was
assessed using the following protocol [8]:
1) Resultswere confirmed by repeating the test in the same

sample using the same method to discard a problem
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with pipetting, inadequate washing or the presence of
aggregates or bubbles.

2) Measurements were repeated in a new sample from the
same patient, which yielded the same results.

3) Measurements were repeated using a different method.
For this purpose, (in this regard) the sample was sent to
other laboratories where a different analyzer was used.
The methods used and results obtained are shown in
Table 1.

4) Serial dilutions were performed to measure TSH. Di-
lutions of the sample were performed using the diluent
recommended by the manufacturer (1:2, 1:4, 1:8). No
loss of linearity was observed in serial dilutions.

5) Thepresenceofmacro-TSHwasexcludedbyprecipitation
with polyethylene glycol (PEG 6000) at 20%, with a re-
covery percentage of 114% (acceptable range: 80–120%).

6) Rheumatoid factor (RF) was measured, with a result of
<20IU/mL (RV: <20IU/mL).

7) The presence of heterophile antibodies was assessed by
incubation of the sample in heterophilic blocking tubes
(HBT tubes, Scantibodies®) (Table 2).

8) Tests for antimicrosomal antibodies and anti-TSH re-
ceptor antibodies were negative.

9) The sample was finally sent to the Department of
Research and Development of Roche Diagnostics.

Discussion

Immunoassays are themost widely usedmethods to assess
thyroid function. However, interference may occur, and

false results in the form of overestimation or underesti-
mation may be obtained. When undetected, interference
may lead to misdiagnosis, ineffective treatment and poor
clinical outcomes [2, 3].

In our case, once the potential preanalytical and
physiopathological causes were excluded, we posited that
inconsistency between TSH and FT4 levels could be due to
a methodological interference.

The repetition of determinations in analyzers that use
a chemiluminescent immunoassay (Ortho-Vitros and
Abbott-Arquitect) with different antibodies confirmed our
suspicion of a methodological interference, as different
results were obtained according to the method employed.
In our laboratory, TSH was measured by a method based
on chimeric antibodies, with lower occurrence of in-
terferences. All methods yielded different results, which
suggest a potential interference thatmay affect all or two of
the methods.

FT4 determination was performed by a one-step
competitive method in laboratories 1 and 2 and by a
two-step method in laboratory 3. Two-step methods are
less subject to interference. The repetition of tests in an
analyzer based on a different technique is useful in the
determination of conflicting thyroid hormone levels.
The FT4 result in laboratories 2 and 3 confirmed that the
FT4 result obtained with our method was subject to
interference.

The presence of an interfering agent may cause lack of
linearity in serial dilutions. Its utility is limited, as only
40% of samples with known endogenous antibodies show
lack of linearity [9]. Moreover, it is not applicable to all
analytes. Therefore, this test should not be employed alone
to assess the result of an immunoassay or exclude the
presence of interfering endogenous antibodies. In our case,
a loss of linearity was not observed in serial TSH dilutions.
This test cannot be used for FT4 since a free hormone test
does not allow dilution because it alters the balance
between hormones and binding proteins.

Macro-TSH derives from the binding of TSH to an
immunoglobulin, which produces an immunocomplex
that may interfere with TSH determination.

The presence of macro-TSH leads to falsely elevated re-
sults, depending on the antibodies used in immunoassays.
With PEG, a precipitate of high-molecular-weight complexes
is obtained. A precipitate of the sample was obtained using
PEG in all laboratories to confirm the absence of macro-TSH,
as a similar recovery rate was observed in all samples.

RF includes a heterogeneous group of antibodies tar-
geted against antigenic determinants of the Fc region of
IgG molecules. Patients with rheumatoid arthritis or other
autoimmune diseases may exhibit elevated RF levels. RF

Table : Methods and results obtained in the different laboratories.

Laboratory System (manufacturer) TSH, mU/L FT, ng/dL

 Cobas (Roche) . >.
 Vitros (Ortho) . .
 Arquitect (Abbott) . .

TSH, thyrotropin; FT, free thyroxine.

Table : Results obtained before and after the samples were
processed in HBT tubes.

Tests Laboratory 

(Roche-Cobas)
Laboratory 

(Ortho-Vitros)
Laboratory 

(Abbott-Arquitect)

TSH, mU/L . . .
FT, ng/dL >. . .
Scantibodies
TSH, mU/L . . .
FT, ng/dL . . .

HBT, heterophilic blocking tubes; TSH, thyrotropin; FT, free thyroxine.
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can bind to the antibodies of the reagent and yield falsely
elevated levels [10]. In our case, RF interference was
excluded, as it was undetectable.

Heterophile antibodies are human antibodies targeted
against immunoglobulins of other animal species that may
cause method-specific interference. The prevalence of
these antibodies has increased as a result of the therapeutic
and diagnostic use of monoclonal antibody-based biolog-
ical agents [11]. The estimated incidence of heterophile
antibody interference ranges from 0.04 to 4% [12, 13],
although manufacturers add antibody-based blockers to
immunoassay reagents to reduce interference. Since the
complete removal is not always possible, heterophile
antibody-based blockers can be useful as they contain
specific binding agents that inactivate heterophile anti-
bodies. Nevertheless, these blockers are dependent upon
the method and the technique employed. In our case, the
presence of heterophile antibodies was assessed by the
scantibodies HBT system, which is suitable for our plat-
form. After the sample was processed with the blocking
agent, heterophile antibody interference was confirmed in
the FT4 assay in laboratory 1, as once they were blocked,
results were normalized and became similar to those
obtained in the other two analytical platforms.

As biotin at high doses (>5 mg/day) may interfere in
immunoassays that use streptavidin-biotin binding to
amplify the detection signal, both in competitive (FT4)
and noncompetitive methods (TSH), this may cause a
positive or negative interference, respectively [14]. In
Roche, interference may occur in TSH, FT4 and FT3 de-
terminates due to excess biotin. In Ortho, only TSH is
affected, as the techniques used to measure FT4 and FT3
are biotin free. The Abbott immunoassay is not based on
the streptavidin-biotin binding system; therefore, it
proves to be the method of choice to indirectly identify
biotin interference [2]. Our patient reported not taking any
biotin supplementation.

Antiruthenium antibodies are released in the presence
of high levels of environmental ruthenium [15]. In 2006,
Roche improved its reagents, although interference was
not eliminated completely. However, in 2020, TSH, FT4 and
FT3 reagents were reformulated and interference has been
eliminated.

To complete the study and perform a more thorough
evaluation, the sample was sent to the Department of
Research and Development of Roche Diagnostics. The re-
sults obtained did not demonstrate biotin or antiruthenium
antibody interference, although the presence of an un-
specific interference was confirmed.

A limitation of this study is that inconsistency in TSH
levels obtained in each laboratory could not be explained,

although the interference that causes conflicting results
cannot always be clarified. This is a complex setting that
includes different interfering factors that affect free thyroid
hormones and TSH determination.

Conclusions

When results are inconsistent, consider the presence of
chemical interfering factors associated with automated
immunoassays. It is important to be familiar with the
platform to identify the etiology of interference. However,
the interfering agent cannot always be identified.

It is the laboratories’ responsibility to identify and
report the presence of interference to minimize its impact
on clinical decisions. Continuous feedback between labo-
ratorians and clinicians and manufacturers is essential to
identify and prevent interference.

Research funding: None declared.
Author contributions: All authors have accepted
responsibility for the entire content of this manuscript
and approved its submission.
Competing interests: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from all
individuals included in this study.
Ethical approval: The local Institutional Review Board
deemed the study exempt from review.

References

1. Ismail AA. Interference from endogenous antibodies in automated
immunoassays: what laboratorians need to know. J Clin Pathol
2009;62:673–8.

2. Favresse J, Burlacu MC, Maiter D, Gruson D. Interferences with
thyroid function immunoassays: clinical implications and
detection algorithm. Endocr Rev 2018;39:830–50.

3. Van der Watt G, Haarburger D, Berman P. Pacientes Eutiroideos
con Valores Elevados de Tiroxina Libre. Clin Chem 2008;54:
1239–47.

4. Jensen D, Mosso L, Fardella C, Campino C. Discrepancia en
concentraciones de hormonas tiroideas libres medidas por
distintos inmunoensayos. Chil Endo Diab 2018;11:103–7.

5. Gulbahar O, Degertekin CK, Akturk M, Yalcin MM, Kalan I, Atikeler
GF, et al. A case with immunoassay interferences in the
measurement of multiple hormones. J Clin Endocrinol Metab 2015;
100:2147–53.

6. Mauri DotM, AlfayateGuerra R. Causas de resultadosdiscordantes
entre TSH y hormonas tiroideas. Ed Cont Lab Clín 2013–2014;17:
23–31.

7. Mauri Dot M, Alfayate Guerra R. Avances en la exploración
bioquímica de la función tiroidea. Barcelona: Roche Diagnostics
S. L.; 2012.

Jiménez García et al.: False hyperthyroidism 123



8. Ward G, Simpson A, Boscato L, Hickman PE. The investigation of
interferences in immunoassay. Clin Biochem 2017;50:1306–11.
[Internet].

9. OostendorpM, Lentjes EG. Utility of dilution tests in investigating
interference in the free thyroxine assay. Clin Chem LabMed 2017;
55:e4–6.

10. Ramos-Leví AM, Montáñez MC, Ortega I, Cobo MJ, Calle-Pascual
AL. Cuando la analítica desconcierta: interferencia en la
determinación de tirotropina debido a factor reumatoide.
Endocrinol Nutr 2013;60:342–5.

11. Halsall DJ, English E, Chatterjee VK. Interference fromheterophilic
antibodies in TSH assays. Ann Clin Biochem 2009;46:345–6.

12. Bolstad N, Warren DJ, Nustad K. Heterophilic antibody
interference in immunometric assays. Best Pract Res Clin
Endocrinol Metab 2013;27:647–61. [Internet].

13. Serei VD, Marshall I, Carayannopoulos MO. Heterophile antibody
interference affecting multiple Roche immunoassays: a case
study. Clin Chim Acta 2019;497:125–9.

14. Li D, Ferguson A, Cervinski MA, Lynch KL, Kyle PB. AACC guidance
document on biotin interference in laboratory tests. J Appl Lab
Med 2020;13:1–12.

15. Suarez Rivero R, Ponce Lorenzo F, Díaz Torres J, Ruiz Palomar JM,
Orozco-Beltran D. Falsely elevated thyroid-stimulating hormone
value due to anti-ruthenium antibodies in a patient with primary
hypothyroidism: a case report. Clin Chem Lab Med 2017;55:
e273–5.

Article Note: The original article can be found here: https://doi.org/
10.1515/almed-2020-0047.

124 Jiménez García et al.: False hyperthyroidism

https://doi.org/10.1515/almed-2020-0047
https://doi.org/10.1515/almed-2020-0047

	False hyperthyroidism caused by interference in immunoassays
	Introduction
	Case presentation
	Discussion
	Conclusions
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


