
© 2024 Indian Journal of Endocrinology and Metabolism | Published by Wolters Kluwer - Medknow 29

Abstract

Original Article

IntroductIon

Antibody‑based methods or immunoassays are the most 
widely used laboratory techniques in hormone assays. These 
methods rely on antibodies derived from animal sources to 
quantify different analytes. The affinity and specificity of 
these antibodies permit the accurate measurement of analytes 
present in extremely low concentrations even in complex 
and protein‑rich solutions such as human serum. However, 
immunoassays are inherently vulnerable to interference from 
heterophilic antibodies and endogenous antibodies that bind 
to these assay antibodies.

Interfering heterophile antibodies are low‑affinity antibodies 
with broad specificities, commonly directed against the Fc 
fragment and mostly found in patients without known exposure 
to animals from which the assay antibodies are derived.[1] This 
heterophilic interference may lead to falsely low or high analyte 
levels in immunoassay systems, depending on the interference 

site and type of assay. Immunometric assays are particularly 
more vulnerable to such interference. There have been 
numerous case reports of heterophilic interference in thyroid 
function tests,[2‑15] with Thyroid Stimulating Hormone (TSH) 
as the most common analyte affected. Although currently, 
manufacturers routinely add blocking agents to their assay 
formulations, not all heterophile interference can be blocked 
as suggested by some case reports.

Rheumatoid Factor (RF) is found among 5–10% of the 
general population and in approximately 70% of Rheumatoid 
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Arthritis (RA) patients.[16] There is a significant homology 
between Fc‑domains in RF antibodies and Fc‑domains in 
antibodies from several animal species, with some previous 
studies suggesting they have common immunological 
origins.[17,18] Consequently, RF has the potential to interfere 
with immunoassays by binding to animal antibodies.[16] 
RF‑positive RA individuals are an especially vulnerable group 
for heterophilic‑like interference with TSH owing to a high 
prevalence of RA and an increased proportion of autoimmune 
thyroid disease in RA.[19]

As far as we know there has been no study evaluating the 
heterophile interference of TSH assay among patients with RA. 
It is pivotal to know whether the current TSH immunoassays 
are affected by RF because if not recognized, heterophilic 
interference would lead to unnecessary over or undertreatment 
in a large number of patients. The commonly used methods to 
detect interference are 1. Analysis on different platforms, 2. 
Assessment of linearity on doubling dilutions, 3. Depletion of 
antibodies to remove heterophilic antibodies from samples, and 
4. Addition of blockers to the sample to neutralize interfering 
antibodies.[20] Our study aimed to determine if RF causes 
heterophilic interference in TSH immunoassays.

MaterIals and Methods

This was a single‑center cross‑sectional observational study 
conducted in the department of endocrinology in a tertiary care 
center in the city of Kolkata, India. RA patients were diagnosed 
as per the American College of Rheumatology (ACR)/
European League Against Rheumatism (EULAR) criteria 
2010. Eighty‑four consecutive patients above 16 years of age 
with newly diagnosed RF positive (RF more than 20 IU/L by 
nephelometry method) RA were selected from Rheumatology 
OPD of the same institute. All participants provided written 
informed consent, and the study was conducted in accordance 
with the Declaration of Helsinki. The study was approved by 
the Institutional ethics committee.

Patients taking drugs known to cause thyroid abnormalities 
(lithium, interferon alpha, amiodarone, or biological 
anti‑rheumatic agents), with a history of partial or total 
thyroidectomy, and with a history of neck radiotherapy were 
excluded from the study. Pregnant individuals were also 
excluded. This was a pilot study with 84 individuals since 
there was no prior research on the prevalence of heterophilic 
interference with RF in TSH immunoassays. Demographic and 
clinical data were collected from participants according to a 
protocol, and they underwent measurements of RF, TSH, Free 
Thyroxine (free T4), anti‑thyroid peroxidase (anti‑TPO), and 
four tests to screen for interference in TSH assay.

Serum TSH, free T4, and anti‑TPO and all tests for 
screening interference in TSH assay except the second 
platform method were estimated by chemiluminescence 
technique (CLIA) using commercially available kits from 
Siemens Diagnostics (Germany) on Immulite1000 platform. 
The analytical sensitivity (as provided by the manufacturers) 

for TSH, free T4, and anti‑TPO were 0.01 µIU/mL, 0.3 ng/dL, 
and 7 IU/L, respectively. The laboratory reference ranges for 
TSH, Free T4, and anti‑TPO were 0.4–4 µIU/mL, 0.8–1.9 ng/
dL, and <35 IU/L, respectively.

The TSH test (3rd generation) on the Immulite‑1000 was a 
two‑site chemiluminescent immunometric assay (sandwich 
assay) using solid‑phase beads coated with a capture 
antibody (monoclonal murine anti‑TSH) and a detection 
antibody (polyclonal goat anti‑TSH conjugated with bovine 
alkaline phosphatase). The provider’s intra‑assay coefficient 
of variation for TSH was between 4.5 and 13.5%, and during 
the lab run, it ranged from 4.9 to 10.1%.

Dilution studies were performed manually using Siemens 
TSH diluent (provided by the manufacturer) and appropriate 
pipettes with dilutions of 1:2, 1:4, and 1:8 performed and 
measured in the same run as the undiluted sample. To assess 
linearity, the TSH concentration was back‑calculated by 
multiplying it with the dilution factor, and the average of the 
three diluted samples was paired with the concentration in 
the undiluted sample for statistical analysis. Linearity was 
defined as a recovery of 80–120% of the expected value 
after dilution, and any sample that showed recovery outside 
this range was deemed to have nonlinear dilution and was 
suspected of interference.[21,22]

In the blocking method, “HAMA Blocking Reagent (85R‑1001)” 
from Fitzgerald was used with a dilution of 1:500, as 
recommended by the manufacturer. After treatment, samples 
were incubated at room temperature for 1 hour before 
TSH measurement.[21] TSH values post‑heterophile blocker 
treatment that fell between 80–120% of the untreated values 
were considered to be free from interference.[23,24]

For the depletion of antibodies, polyethylene glycol (PEG) 
precipitation was done with PEG 6000 (Laboratory version) 
at 25% concentration. PEG solution was prepared by adding 
25 mg of PEG 6000 in 100 ml of distilled water, followed 
by a thorough vortex until a clear solution appeared. PEG 
treatment of the sample was done at 1:1 dilution (250 µL 
of the sample with 250 µL of PEG solution); followed by a 
thorough vortex for 20 min. This was followed by stabilization 
time for 30 min after which the samples were centrifugated 
at 1500 G for 15 min at room temperature. The supernatant 
was used for analysis. The percentage recovery of TSH 
after PEG precipitation was calculated and compared to the 
untreated TSH value, taking into account a dilution factor of 
2. A recovery rate of less than 40% was considered indicative 
of interference due to antibodies.[25,26]

Assessment of TSH on a different platform was done for 
all the patients. Abbott i Architect was used as the second 
platform which was a chemiluminescent microparticle 
immunoassay. This test uses a solid phase of microparticles of 
anti‑beta TSH mouse monoclonal antibody, and the detection 
antibody is a conjugate of anti‑alpha TSH mouse monoclonal 
acridinium labeled with bovine stabilizers. The normal range 
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for TSH as per the Abbott i Architect platform was 0.35 to 
4.95 µIU/mL.

Statistical analysis was conducted using IBM SPSS Statistics 
version 19. The distribution pattern of the data was determined 
using the Shapiro‑Wilk normality test. Fisher’s exact test 
was used to analyze nominal variables, while Mann‑Whitney 
U‑test was used for continuous variables. A P value less than 
0.05 was considered statistically significant. Cohen’s kappa 
values were also calculated to assess agreement between two 
nominal groups.

Ethical aspects
All participants provided written informed consent, and the 
study was conducted in accordance with the Declaration of 
Helsinki. The study was approved by the Institutional ethics 
committee. (institutional Ethical Committee approval number: 
IPGME&R/IEC/2019/429 Dated ‑ 03.07.2019).

results

The mean age of the study population was 42.6 (± 9.1) years, 
with the majority in the age group of 35 to 49 years. There 
was female predominance with 71/84 (84.5%) female and 
13/84 (15.5%) male participants. All participants were positive 
for RF (>20 IU/L) with 52 (61.9%) having an RF more than 
three times the upper limit of the normal. The median RF level 
in the study population was 75.5 IU/ml (IQR = 45.9‑138.75). 
We found that 53.6% (45/84) of the patients tested positive for 
anti‑TPO antibodies. The median RF level among anti‑TPO 
positive cases was 100 IU/mL (IQR = 48.5–149.45), which 
was numerically higher than anti‑TPO negative cases, with 
a median of 63.7 IU/mL (IQR = 45.8–110). However, the 
difference was not statistically significant (Mann Whitney U 
test, P = 0.074).

As the normal TSH range on the second platform (Abbott i 
Architect) differed from the first platform (Immulite‑1000), 
we compared those based on the difference in diagnostic 
interpretation. There was an interpretation discordance in 

Figure 1: TSH recovery on PEG treatment. Scatter diagram with 
X‑axis – Untreated TSH value of each sample, Y‑axis – TSH recovery 
(in %) of the same sample on PEG treatment

only 1 out of 84 participants, whose TSH by the second 
platform was 3.31 (Euthyroid range), in comparison to 
4.45 (Subclinical hypothyroid range) on the first one. Post‑PEG 
precipitation TSH recovery was between 100% to 40% in all 
the samples [Figure 1]. No sample showed recovery of less 
than 40%, which was taken as a cutoff to suggest the influence 
of immunoglobulins or antibodies.

On dilution studies, seven samples had average TSH 
recovery above 120%, while three samples had TSH 
recovery below 80%; thus, 10 out of 84 (11.9%) samples 
were classified as suspected of interference based on criteria 
taken for loss of linearity, which refers to a deviation from 
a linear dose‑response relationship [Figure 2]. The median 
RF level among samples showing loss of linearity was 
133 IU/ml, which was numerically higher than samples 
with normal dilution study who had a median RF level 
of 71.9 IU/mL. Loss of linearity was seen in 17.31% of 
participants with RF levels greater than three times the upper 
limit of normal (ULN), compared to 3.13% in participants 
with RF levels less than three times ULN. However, both 
parameters did not reach statistical significance [Table 1]. 
The median TSH among participants with loss of linearity 
was 1.97 µIU/ml, which was similar to the median TSH of 
2.25 µIU/mL observed in participants with normal dilution 
study [Table 1]. The median anti‑TPO level in cases with 
interference on dilution was significantly higher than in 
cases without interference. Additionally, the loss of linearity 
on dilution was significantly higher in patients who tested 
positive for anti‑TPO antibodies compared to anti‑TPO 
negative patients. [Table 1].

On heterophile blocker treatment, four samples had TSH 
recovery of less than 80%, while one sample had a recovery 
of over 120%; thus, 5/84 were classified as suspected 
of interference [Figure 3]. The median RF level among 
participants with suspected interference on blocker treatment 
was 116 IU/mL numerically higher than participants with a 
normal result who had a median RF level of 73.6 IU/mL, 

Figure 2: TSH recovery on dilution study. Scatter diagram with 
X‑axis – Untreated TSH value of each sample, Y‑axis – TSH recovery 
(in %) of the same sample on dilution study
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though not statistically significant [Table 1]. In all these five 
cases with suspected interference on blocker treatment, the 
baseline as well as post‑blocker TSH values were <4 µIU/mL 
[Figure 3]. The proportion of cases showing post‑blocker 
interference was similar in patients with anti‑TPO positivity 
compared to anti‑TPO negative cases. Additionally, the levels 
of anti‑TPO antibodies were similar in cases with or without 
blocker interference [Table 1].

The number of samples with anti‑TPO positivity was 
numerically higher among cases showing interference 
by any of the four methods compared to those without 
interference (71.42% vs. 50%), but this difference did not 
reach statistical significance (P = 0.24).

Out of the five cases showing interference in the heterophile 
blocking study, only two had a loss of linearity in the dilution 
study. The rest of the three cases were showing interference 
only on blocking studies and were euthyroid. We measured 
the agreement of the results from two studies (dilution and 
blocker treatment) by Cohen’s kappa, Kappa value came as 

k = 0.203 (P = 0.045), denoting a fair agreement between the 
two screening methods.

dIscussIon

We have used four different methods to detect interference in 
every participant regardless of baseline TSH values. Based on 
the criteria used, we found interference in 14 cases – 12 of them 
by a single method and 2 of them by two different methods. 
Interference was seen in 10 and 5 cases based on serial dilution 
studies and heterophile blocker treatment, respectively, 
while 1 case had diagnostic interpretation discordance when 
measured in the second platform. One person had TSH of 
4.45 µIU/mL on Immulite‑1000 and 3.31 µIU/mL on Abbott 
i Architect, suggesting subclinical hypothyroidism when 
measured by the former whereas TSH was within normal 
limits when measured by the latter. However, the other 
three screening tests for interference were negative for this 
individual. In clinical practice, differences in TSH levels from 
the same sample using two different assays (assays having 
antibodies from different animal sources) can be a simple way 
to suggest the presence of heterophilic interference.[9] But the 
sensitivity by this method can be low as demonstrated by Ismail 
et al. in 2002,[24] who only detected interference in 1 out of 
the 59 clinically suspicious results by assessment on a second 
platform. This lower detection rate by the second platform 
could be explained by the polyspecific nature of heterophilic 
antibodies.[18] Most case reports detecting interference by 
a second platform assessment had shown huge differences 
in results. These discrepancies were most probably due to 
interferences by Human anti‑mouse antibodies (HAMA) or 
Human anti‑animal antibodies (HAAA), which usually have 
stronger affinity and appear following exposure to animal 
antigens.

Hattori et al.[27,28] while using PEG precipitation for macro‑TSH 
assessment, reported a mean post‑PEG recovery value of 
approximately 40%. In another study, the mean post‑PEG 

Table 1: Comparison of loss of linearity on dilution study and interference post‑heterophile blocker treatment in different 
subgroups

Loss of linearity on 
dilution‑absent

Loss of linearity on 
dilution‑present

P Post‑HB 
treatment – interference 

negative

Post‑HB 
treatment – interference 

positive

P

RF (IU/mL) (median) 71.9 (IQR=45.4 – 130) 133 (IQR=97.8 –150.8) 0.053 73.6 (IQR=45.8 – 138) 116 (IQR=79.45 – 223) 0.199
RF group‑

<3 times ULN
>3 times ULN

31/32 (96.88%)
43/52 (82.69%)

1/32 (3.13%)
9/52 (17.31%)

0.081 31/32 (96.885%)
48/52 (92.31%)

1/32 (3.13%)
4/52 (7.69%)

0.645

TSH (µIU/mL) (median) 2.25 (IQR=1.42‑3.8) 1.97 (IQR=1.06–2.94) 0.507 2.22 (IQR=1.3–3.76) 1.52 (IQR=1.07–2.92) 0.355
Hypothyroidism

TSH <4
TSH >4

57/66 (86.4%)
17/18 (94.4%)

9/66 (13.6%)
1/18 (5.6%)

0.682 61/66 (92.42%)
18/18 (100%)

5/66 (7.81%)
0/18 (0%)

0.580

Anti‑TPO status
Absent
Present

38/39 (97.4%)
36/45 (80%)

1/39 (2.6%)
9/45 (20%)

0.017 36/39 (92.3%)
43/45 (95.6%)

3/39 (7.7%)
2/45 (4.4%)

0.659

Anti‑TPO (IU/mL) 
(median)

32.35 (IQR=13.3–62.9) 54.05 (IQR=41.52–85.5) 0.027 38.3 (IQR=16.3–63.7) 30 (IQR=23.2–53.2) 0.676

Figure 3: TSH recovery post blocker treatment. Scatter diagram with 
X‑axis – Untreated TSH value of each sample, Y‑axis – TSH recovery 
(in %) of the same sample on blocker treatment
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recovered TSH was 47% among controls.[25] Based on these 
studies, we used post‑PEG TSH recovery of less than 40% 
as an indicator of potential interference from high molecular 
weight proteins. In our study, PEG precipitation did not lead 
to the detection of interference in any of the 84 cases. As TSH 
is a glycoprotein like prolactin, macromolecules of TSH can 
be easily precipitated by PEG. Even though PEG precipitation 
can be helpful, it is a relatively nonspecific technique, and a 
proportion of the monomeric form is likely to be coprecipitated. 
The extent to which this occurs is both analyte and method 
dependent.[29]

Based on the serial dilution study, interference was suspected 
in 10 out of 84 cases. Only 2 of these 10 samples showed 
interference after treatment with a heterophile blocker. 
Ismail et al.[24] detected interference in 16 out of 59 clinically 
suspicious results using serial dilution studies, with 6 cases 
only being detected during dilution and not with heterophile 
blocker treatment. Serial dilutions may also reveal nonlinearity 
in other types of interference, such as macro‑TSH, thyroid 
hormone autoantibodies, or the hook effect.[22,24]

The heterophile blocker treatment revealed interference in five 
cases. However, despite the suspected interference, all five 
cases showed TSH values within the normal range [Figure 3]. 
Only two out of five of those had shown interference by other 
methods. Ismail et al.[24] reported that 28 out of 59 suspected 
cases in their series exhibited interference, with 12 samples 
showing interference only with heterophilic blocking studies, 
6 samples showing interference only with dilution studies, and 
10 showing interference in both methods.

In our study, the two cases that showed interference in both 
dilution and blocker methods had baseline TSH of 3.49 and 
1.01, and in both cases, even after correction using the mean 
of dilutions or post‑heterophile blocker treated‑TSH, the 
TSH values remained within the normal range, suggesting 
that the interference had minimal clinical implications in 
these samples.

In samples that exhibited interference in either dilution or 
blocking studies, the median RF levels were numerically higher 
in samples that exhibited interference compared to those that 
did not, but this difference was not statistically significant. 
Additionally, other studies of RF interference with multiplex 
cytokine assays have shown that the relationship between RF 
level and interference is unpredictable.[16,30,31] Importantly, 
corrected TSH (based on the mean of dilutions or post‑HB 
treated TSH) did not change the clinical interpretation in most 
of the concerned cases. This indicates that RF is a weaker 
heterophile antibody causing a lesser degree of interference 
and having minimal effect on the interpretation of TSH assay 
results by modern immunoassay platforms.

In our study, we observed an association between the proportion 
of anti‑TPO positivity and interference on dilution (P = 0.017), 
as well as numerically higher median anti‑TPO levels in 
cases with suspected interference on dilution compared to 

cases without interference (P = 0.027). This could be due to 
an autoimmune association, as suggested by the numerically 
higher RF levels in anti‑TPO‑positive cases. However, the lack 
of statistical significance in the association between higher RF 
levels and anti‑TPO positivity, as well as the lack of statistical 
association between interference on dilution and RF levels in 
our study, indicates that a larger study in the future may help 
us arrive at a conclusion in this regard.

The agreement between dilution and blocking methods was 
fair, as indicated by a kappa value of 0.203 (P = 0.045). If 
clinical significance and potential changes in management 
plans were used as measures of interference, neither serial 
dilution nor the heterophile blocking method detected clinically 
significant interference among seropositive RA participants, 
indicating a minimal degree of interference.

We suggest the use of all four approaches in suspected cases, 
with the sequence being influenced by the resources available 
to the individual laboratory. Blocker treatment is considered 
the most specific screening test for heterophilic interference 
in theory. However, the sensitivity of blocker treatment 
is uncertain due to the polyreactive nature of heterophilic 
antibodies. Availability and cost are also hurdles in the routine 
use of heterophile blockers in suspected cases in the laboratory. 
In this regard, dilution studies are better placed, as diluents 
are easily available and cheaper, and dilutions are performed 
routinely in laboratories for various other reasons, making 
it a preferable first‑line screening method for heterophilic 
interference.

The interference from RF on TSH assays does not appear to 
have a significant impact on clinical decision‑making in the 
majority of cases in our study. However, it is important to 
suspect and test for interference when there is a discrepancy 
between the clinical presentation and a lack of correlation 
with other biochemical or hormonal parameters. Effective 
communication between clinicians and laboratories is crucial 
to identify any interferences.

One of the key strengths of our study was the use of four 
methods to screen for interference in every sample. However, 
there are some limitations to this study that are worth 
noting. Firstly, this study should be considered a pilot as 
there is limited research on the prevalence of heterophile 
interference in RF‑positive samples. Additionally, we used 
a manual method for dilution because automatic/onboard 
dilution was not available for the specific assay used in this 
study. Furthermore, due to the absence of a gold standard 
for detecting heterophile interference, we were unable to 
determine the sensitivity and specificity of each screening 
method. In addition, our study excluded cases that received 
treatment with biological agents, and therefore our results 
should not be extrapolated to individuals undergoing those 
treatments.

In conclusion, RF can cause heterophilic interference in 
commercial TSH immunoassays, which can be identified 
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through serial dilution or treatment with heterophile blocking 
agents. However, this interference does not significantly impact 
clinical decision‑making in most situations. Further research 
using various immunoassay platforms is needed to gain a 
deeper understanding of this potential issue.

Financial support and sponsorship
We sincerely thank and acknowledge the grant received from 
Endocrime Society of Bengal, Kolkata, India for conducting 
this study.

Conflicts of interest
There are no conflicts of interest.

Acknowledgment
None.

Authors Contribution
Dr. SC conceived the study. Dr. SNN selected the patients, 
collected samples, conducted tests, and drafted the initial 
manuscript. Dr. AP also performed tests and conducted 
statistical analysis. Dr. RB supervised the project and 
finalized the documents. All authors contributed to the study 
execution, provided input for the write‑up, and approved the 
final manuscript.

references
1. Levinson SS, Miller JJ. Towards a better understanding of 

heterophile (and the like) antibody interference with modern 
immunoassays. Clin Chim Acta 2002;325:1‑15.

2. Wood JM, Gordon DL, Rudinger AN, Brooks MM. Artifactual elevation 
of thyroid‑stimulating hormone. Am J Med 1991;90:261‑2.

3. Fiad TM, Duffy J, McKenna TJ. Multiple spuriously abnormal thyroid 
function indices due to heterophilic antibodies. Clin Endocrinol (Oxf) 
1994;41:391‑5.

4. Santhana Krishnan SG, Pathalapati R, Kaplan L, Cobbs RK. Falsely 
raised TSH levels due to human anti‑mouse antibody interfering with 
thyrotropin assay [published correction appears in Postgrad Med J 
2007 Mar;83(977):186. Krishnan, SGS [corrected to Santhana Krishnan, 
SG]]. Postgrad Med J 2006;82:e27.

5. Monchamp T, Chopra IJ, Wah DT, Butch AW. Falsely elevated thyroid 
hormone levels due to anti‑sheep antibody interference in an automated 
electrochemiluminescent immunoassay. Thyroid 2007;17:271‑5.

6. Sapin R, Agin A, Gasser F. Efficacy of a new blocker against 
anti‑ruthenium antibody interference in the Elecsys free triiodothyronine 
assay. Clin Chem Lab Med 2007;45:416‑8.

7. Ross HA, Menheere PP; Endocrinology Section of SKML (Dutch 
Foundation for Quality Assessment in Clinical Laboratories); 
Thomas CMG, Mudde AH, Kouwenberg M, et al. Interference from 
heterophilic antibodies in seven current TSH assays. Ann Clin Biochem 
2008;45:616.

8. Chin KP, Pin YC. Heterophile antibody interference with thyroid assay. 
Intern Med 2008;47:2033‑7.

9. Ghosh S, Howlett M, Boag D, Malik I, Collier A. Interference in free 
thyroxine immunoassay. Eur J Intern Med 2008;19:221‑2.

10. Saleem M, Lewis JG, Florkowski CM, Mulligan GP, George PM, Hale P. 
A patient with pseudo‑Addison’s disease and falsely elevated thyroxine 
due to interference in serum cortisol and free thyroxine immunoassays 
by two different mechanisms. Ann Clin Biochem 2009;46:172‑5.

11. Verdickt L, Maiter D, Depraetere L, Gruson D. TSH‑assay interference: 
Still with us. Clin Lab 2012;58:1305‑7.

12. Morton A. When lab tests lie … heterophile antibodies. Aust Fam 

Physician 2014;43:391‑3.
13. Cheng X, Guo X, Chai X, Hu Y, Lian X, Zhang G. Heterophilic 

antibody interference with TSH measurement on different immunoassay 
platforms. Clin Chim Acta 2021;512:63‑5.

14. Gulbahar O, Konca Degertekin C, 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.

15. Soleimanpour SA. Fulminant liver failure associated with delayed 
identification of thyroid storm due to heterophile antibodies. Clin 
Diabetes Endocrinol 2015;1:12.

16. Todd DJ, Knowlton N, Amato M, Frank MB, Schur PH, Izmailova ES, 
et al. Erroneous augmentation of multiplex assay measurements in 
patients with rheumatoid arthritis due to heterophilic binding by serum 
rheumatoid factor. Arthritis Rheum 2011;63:894‑903.

17. Nakamura M, Burastero SE, Notkins AL, Casal P. Human monoclonal 
rheumatoid factor‑like antibodies from CD5 (Leu‑1)+ B cells are 
polyreactive. J Immunol 1988;140:4180‑6.

18. Burastero SE, Casali P, Wilder RL, Notkins AL. Monoreactive high 
affinity and polyreactive low affinity rheumatoid factors are produced 
by CD5+ B cells from patients with rheumatoid arthritis. J Exp Med 
1988;168:1979‑92.

19. Cárdenas Roldán J, Amaya‑Amaya J, Castellanos‑de la Hoz J, 
Giraldo‑Villamil J, Montoya‑Ortiz G, Cruz‑Tapias P, et al. Autoimmune 
thyroid disease in rheumatoid arthritis: A global perspective. Arthritis 
2012;2012:864907.

20. Bolstad N, Warren DJ, Nustad K. Heterophilic antibody interference 
in immunometric assays. Best Pract Res Clin Endocrinol Metab 
2013;27:647‑61.

21. Preissner CM, O’Kane DJ, Singh RJ, Morris JC, Grebe SK. Phantoms 
in the assay tube: Heterophile antibody interferences in serum 
thyroglobulin assays. J Clin Endocrinol Metab 2003;88:3069‑74.

22. Ismail AA. On detecting interference from endogenous antibodies 
in immunoassays by doubling dilutions test. Clin Chem Lab Med 
2007;45:851‑4.

23. Preissner CM, Dodge LA, O’Kane DJ, Singh RJ, Grebe SK. Prevalence 
of heterophilic antibody interference in eight automated tumor marker 
immunoassays. Clin Chem 2005;51:208‑10.

24. Ismail AA, Walker PL, Barth JH, Lewandowski KC, Jones R, Burr WA. 
Wrong biochemistry results: Two case reports and observational study 
in 5310 patients on potentially misleading thyroid‑stimulating hormone 
and gonadotropin immunoassay results. Clin Chem 2002;48:2023‑9.

25. Mills F, Jeffery J, Mackenzie P, Cranfield A, Ayling RM. An 
immunoglobulin G complexed form of thyroid‑stimulating 
hormone (macro thyroid‑stimulating hormone) is a cause of elevated 
serum thyroid‑stimulating hormone concentration. Ann Clin Biochem 
2013;50:416‑20.

26. Verhoye E, Van den Bruel A, Delanghe JR, Debruyne E, Langlois MR. 
Spuriously high thyrotropin values due to anti‑thyrotropin antibodies in 
adult patients. Clin Chem Lab Med 2009;47:604‑6.

27. Hattori N, Ishihara T, Yamagami K, Shimatsu A. Macro TSH in 
patients with subclinical hypothyroidism. Clin Endocrinol (Oxf) 
2015;83:923‑30.

28. Hattori N, Ishihara T, Matsuoka N, Saito T, Shimatsu A. Anti‑thyrotropin 
autoantibodies in patients with macro‑thyrotropin and long‑term 
changes in macro‑thyrotropin and serum thyrotropin levels. Thyroid 
2017;27:138‑46.

29. Fahie‑Wilson M, Halsall D. Polyethylene glycol precipitation: Proceed 
with care. Ann Clin Biochem 2008;45:233‑5.

30. Gehin JE, Klaasen RA, Norli ES, Warren DJ, Syversen SW, Goll GL, 
et al. Rheumatoid factor and falsely elevated results in commercial 
immunoassays: Data from an early arthritis cohort. Rheumatol Int 
2021;41:1657‑65.

31. Olsson P, Theander E, Bergström U, Jovinge S, Jacobsson L, Turesson C. 
Multiplex cytokine analyses in patients with rheumatoid arthritis require 
use of agents blocking heterophilic antibody activity. Scand J Rheumatol 
2017;46:1‑10.


