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THE VALIDITY OF SERUM TSH MEASUREMENTS BY IMMUNOASSAY

W.Graham Wood, Jirgen Habermann, Ingo Marschner, and
Peter C.Scriba

Medizinische Klinik Innenstadt der Universitédt,
Ziemssenstrasse 1, D 8ooo Minchen 2, F.R.G.

According to Roget's Thesaurus, validity can be found
among the synonyma for section 494 - Truth. Validity im-
plies accuracy and preciseness and likewise authenticity.
Authenticity of TSH, as determined by RIA may be affec-
ted by

- incomplete elimination of cross-reaction of the anti-

body with e.g. LH, FSH, HCG and their subunits,

- non specific interference of antigen-antibody inter-

action e.g. endogenous antibodies against TSH,

- immunoactive material lacking bioactivity and

- unexplained factors.

Some of the reasons for the lack of authenticity will
be dealt with by other contributors during this meeting.
The rest of this paper will be devoted to the elucidation
of accuracy and precision of the radioimmunoassay for TSH.

It is not possible to apply the methods of quality
control (Q.C.) in clinical chemistry (12), as there are
no definitive or standard methods, except for a few ste-
roids. The Q.C. of proteohormones is important, in view
of the multiplicity of antisera and standard material at
present in use. It has been demonstrated that the intro-
duction of reference preparations alone has not led to a
standardisation of results from hormone immunoassays. The
assay method itself plays a much larger role, e.g. the
length and type of incubation, the bound/free separation
method, the antiserum, the way in which the tracer is pre-
pared and the medium in which the standards are dissolved
(3). Because of these problems, a model of external qua-
lity control survey (EQCS) was developed in this labora-
tory which allowed differentiation between systematic and
random errors. During the past six years this concept has
been enlarged and is now known as the "Munich-Model for
External Quality Control of Hormone Assays" (4,7,8,10).

The"Munich-Model" for EQCS has four strong points:

(1) Testing the accuracy against international reference
preparations (proteohormones) or pure substances(T3,
T4, cortisol).

(2) Pinpointing probable systematic errors in an assay
system (effect of incubation, standard-solute, data-
processing) .

(3) A critical but constructive analysis of each partici-
pant's data - together with the setting up of a "two-
way" contact if needed.

(4) An "automatic policing" of the kit-market without the
need for legislative intervention!
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The survey here described was carried out in 1977/78.

EQCS - PLANNING AND EXECUTION
(a) Preparation

Members of the German Societies f.Endocrinology and
Clinical Chemistry, together with kit-producers, state
hospital laboratories and private laboratories were in-
vited to participate in the survey. The participant list
was fully representative of all laboratory types in the
Federal Republic of Germany. Three quarters of all letters
had been answered within 4-5 weeks of dispatch.-Serum from
clinically relevant patient groups was collected in advan-
ce, together with TSH-free serum (all sera with a tracer-
binding of 100-110 % in the house assay). All sera were
filtered through an asbestos filter under 5 Bar N, to re-
move fibrin clots and bacteria. The collection pefXiod was
between 3 and 4 months. The participants were notified in
a second letter of the date of dispatch for the samples.

Twenty samples of 1 ml were sent in dry-ice by ex-
press post. Table 1 shows the composition of the EQCS-
sera. The main point here is, that the hidden standard
curve was of MRC 68/38 TSH in human-TSH-free serum. TwoO
sera contained TSH-antibodies, which probably arose from
patients who had received injections of bovine TSH at
some period in the past. Two samples from another EQCS,
run by the German Society for Clinical Chemistry were
kindly donated by Dr.G.RShle and Professor H.Breuer,Bonn,
FRG. A detailed questionaire was sent together with the
serum samples, which covered the laboratory method of the
TSH assay and space for the raw data (counts and concen-
trations for the laboratory internal standard curve and
for the 20 EQCS sera).

(b) Data Processing, Notification of Performance

Return of results took place around 4 months after
the data had been received. Because of all the raw data
returned (see above), it was possible to standardise the
data processing of the standard curve (curve I) - using
a spline function (6,9). This allowed a comparison with
the laboratory-own data processing, as well as the compa-
rison between laboratory own standards and the hidden
standard curve (curve II) using MRC 68/38 TSH in human
TSH-free serum.

The data from each participant was transferred to
punch cards (27-32 per participant) and read into a com-
puter (Siemens 404/3). The computer program scheme and
data-flow diagram have already been published in detail
(10) . The results from each participant were printed on
6 sides of computer paper and returned to the participant
with a set of histograms for all 20 samples showing ano-
nymously the distribution of the values measured by all
participants. This was accompanied by an explanatory

40



TABLE 1. Composition of the 20 samples for the EQCS.

Sample No. Content

1 Hidden standard curve - 1o uU/ml TSH (MRC 68/38)
in human TSH-free serum

Bonn-EQCS No.4 - sample B II
Pool serum - intra-assay control
Pool serum - intra-assay control

v W N

Pool serum in lower range containing native
antibodies

(o)}

Pool serum in upper range
Byk-Mallinckrodt-Thyroid Normal Control Serum

8 Pool serum in mid-range containing native anti-
bodies

9 Hidden standard curve 5 mU/ml TSH

10 Hidden standard curve - 20 mU/ml TSH

11 Hidden standard curve - O aU/ml TSH

12 Hidden standard curve - 2,5 aU/ml TSH

13 Hidden standard curve - 1,25 jaU/ml TSH

14 Bonn-EQCS No.4 - sample A II

15 Pool serum - intra-assay control

16 Hidden standard curve - 0,62 auU/ml TSH

17 Pool serum - intra-assay control

18 Byk-Mallinckrodt - Thyroid Hyper Control Serum
19 Hidden standard curve - 40 mU/ml TSH

20 Pool serum at upper limit of standard curve

All standards were dissolved in human TSH-free serum.
Samples 3,4,15 and 17 were identical.

letter and by a detailed evaluation of his performance.
Full details are given elsewhere (10). - The support
of this study by the BMFT is acknowledged.

RESULTS
PERFORMANCE OF PARTICIPANTS AND METHODS

From 82 returned sets of data, 8 were only partly
usable, the other 74 being subjected to computer analysis.
In spite of the fact that the number of university clinic
laboratories was the highest (n=24), this group did not
constitute the majority of laboratories as in the first
EQCS in 1976 (8).
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The intra-assay coefficients of variation (c.v.) for
the samples 3,4,15 and 17 were better than in 1976 (8),
only 21 laboratories (28 %) having an intra-assay c.v.
above 15 % for 4 samples of the identical serum. The ran-
ge of c.v. was 1.22 - 59.5 % (mean 4.64 mU/nl).

Eleven different kits together with a variety of
"own methods" were used by the participants. Table 2
shows the kits and the main assay details.

TABLE 2. List of kits with incubation times and separation
techniques (Stand 1978).

Manufacturer Separation technique Incubation (h)
Diagnostic Products Corporation 2.ab + 4 ¥ PEG 2,25 or 5,5
Corning 1.Ab bound to glassbeads +2,o
Byk-Mallinckrodt 2.Ab 36

CIS (Isotopen Dienst West) 2.Ab bound to cellulose +16—20
Beckman 2.Ab 6,0
Henning 2.2b 24 or 72
Abbott 18 % PLG 21

Kabi 2.2b *96
Behring 2.Ab solid-phase 36-48
Schwarz-Mann (Becton-Dickinson) 2.2b 5,25
Phadebas (Pharmacia) 2.Ab coupled to dextrose 36-48
Bio-Rad 2.Ab solid-phase 5,0

* These methods have no preincubation

* PEG = Polyethyleneglycol (Mr 6000)

Figure 1 was chosen to demonstrate some important points
found in this survey. It shows the distribution of values
measured for a serum (no.12) containing 2.5 aU/ml MRC
68/38 in human TSH-free serum:

- The accuracy of many methods is not acceptable as
seen by the mean value of 4.02 + 1.86 aU/ml.

- The absolute values of TSH measured differ widely,
although most kits calibrated their standards against
MRC 68/38. Obviously, using the same standard is not
enough to guarantee correct results.

- The standard deviation of the measured mean repre-
sents an inter-laboratory c.v. of 46.3 %. This c.v. is
better than in 1976 (8), however is not yet satisfactory.

- The figure shows indirectly, that many kits are not
able to measure 2 pU/ml TSH, however, this is of impor-
tance for thyroid function tests e.g. in order to measure
the subnormal increase of TSH after TRH stimulation.

Beyond this, none of the methods (Tab.2) had an
average c.v. under 25.5 % for the range O - 4 aU/ml
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Figure 1. All measured values for sample No.12. The mean
value and the two standard deviation range are
shown. Further explanation see text.

(range of c.v. = 25.5 - 55.7 %),which must be rated as
unsatisfactory. No kit has the robustness for the lower
range as desired by EKINS (1).

METHODOLOGICAL STRATEGY

The tracer bindinc of the participant's own-method
zero standard was compared with that of serum no.11 set
at 100 %, to check the binding effect due to the standard
matrix alone. Three participants had values above 110 %,
whose assays could be rated as too insensitive. 39 parti-
cipants (53 %) showed acceptable zero-binding between 90
and 110 % and almost half, namely 32 participants, had
values under 90 % giving rise to a "high blank" effect,
i.e. elevated values in the lower range of the standard
curve. These data corroberate that in accordance with
earlier observations (3,8) only human TSH-free serum is
optimal as matrix for the standard curve.

Figure 1 containing all measured values for sample
no.12 allows a further conclusion, that only kit A showed
a symmetrical Gaussian distribution of concentrations
around the expected value This kit used a preincubation,
had standards in TSH-free human serum and a classical
double-antibody method of separation of bound and free
antigen. Kits with a short incubation time- under 6 h -
the so called "same day assay" kits are shown as B and
kits with no preincubation are shown as C. Both B and C
kits are less sensitive and less accurate than the A kit,
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confirming earlier objections (2) to very short assays
(insufficient incubation time) and over-simplification
(e.g. no cold pre-incubation).

The method used for bound/free separation plays a de-
cisive role in cases where antibodies are present in serun.
The kit using 18 % polyethylene glycol (PEG) showed bin-
ding well over the zero standard in sera 5 and 8, i.e.
"negative" TSH values. The double antibody methods can
also give false results inasmuch as the native antibodies
compete with the test-anti-TSH. The second antibody, how-
ever, only precipitates the antiserum raised to human TSH,
leaving the native antibody-TSH-complexes in solution,
thus giving rise to false results (Tab.3). The easiest
way to detect a native antibody to TSH in serum samples
would be to measure the unspecific binding using PEG-pre-
cipitation after incubation of the serum with tracer.

TABLE 3. Effect of native antibodies on TSH values (uU/ml;
mean + SD).

Sample No. Expected value all participants PEG 2.Ab(1) 2.Ab(2)
5 ca. 5 aU/ml 8.81 + 4.09 O 5.03+#1.71 15.745.56
8 ca. 1o aU/ml 1l0.6 + 7.01 0O 9.65+1.91 10.2+1.29

(1), (2) Two kits as examples.

STEPS TOWARDS ACCURACY

Table 4 shows the regression-data from 74 partici-
pants from whom a computer-evaluation was possible. The
values for the correlation-coefficient (r) and the re-
gression line y = a + bx are given.The comparison of own
results vs. curve I shows only the difference in the data-
processing (own method vs. spline function). Here around
3/4 of all methods are comparable (r> 0.99; -1.0 < a <
+1.0; 1.1 > b > 0.9). The comparison of curve I and curve
II shows the influence of the sum of all assay method de-
tails. Deviations from r = 1.00 reveal random errors in
the system. In this survey 78.4 % of all participants had
an r-value of above 0.99, showing a good correlation. De-
viations from a = O, the intercept point on the x-axis,
show a parallel displacement of the standard curve when
r and b approach 1.o00. In this survey 68.9 % of all par-
ticipants had an acceptable a-value. Deviations of b
from 1.00 reflect the steepness of the standard-curve
(accuracy) . The larger the deviations of b from 1.00, the
worse the superimposibility of own and hidden standard
curves. Here only 27 % of all participants had acceptable
b-values (0.90 - 1.10).This reflects the non-optimal sta-
te of affairs in the TSH~assay at the time of this EQCS!

One of the main achievements of this type of survey
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TABLE 4. Regression data:
Own results vs curve I and
curve I vs curve II
Regression equation: y = a + bx

Parameter and Own results vs Curve I vs
boundaries curve I curve II
n (%) n (%)
r »0.99 59 (79.7) 58 (78.4)
0.95 - 0.99 8 (10.8) 14 (18.9)
¢ 0.90 7 ( 9.5) 2 (2.7)
Range 0.62 - 1.0 0.49 - 1.0
a » 1.0 pU/ml 7 ( 9.5) 8 (10.8)
-1.0 to +1.0 paU/ml 53 (71.6) 51 (68.9)
<-1.0 ypU/ml 14 (18.9) 15 (20.3)
Range -3.41 - 7.15 -1o.5 - 3.95
b >»1.10 17 (23.0) 13 (17.6)
0.90 - 1.10 53 (71.6) 20 (27.0)
¢ 0.90 4 ( 5.4) 41 (55.4)
Range 0.75 - 1.36 0.47 - 1.43

Ideal values: r =1, a =0, b = 1.

is the possibility to select "reference laboratories" on

the basis of their performance. Ten laboratories partici-
pating in this study (own method, n=4; kit A, n=6) had an
ideal superimposibility of their own standard-curve with

the hidden standard-curve. The data returned by the "refe-

rence laboratories"” for samples no. 7,18,14,2 (Tab.5) may
be considered as "assigned values". These assigned values
obviously have a higher degree of accuracy than the me-

dian, target or mean values currently in use.

DISCUSSION

Two organisations are authorised to carry out EQCS in
the FRG for clinical chemistry parameters and to give out
certificates for the parameters which have been measured
with acceptable accuracy (11). Both organisations, namely
the German Society for Clinical Chemistry (DGKCh) and the
Institute for Standardisation and Documentation in the
Medical Laboratory (INSTAND) also carry out EQCS for hor-
mones. For these, two lyophilised serum samples are sent
to each participant for analysis of several components.
These results are worked out (using different statistical
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TABLE 5. Assigned values for 4 samples from 1o "Reference
Laboratories" compared with values from other EQCS.
TSH levels in aU/ml.

Sample No. Median value Target value Mean value Assigned value
(DGKCh-EQCS)  (Byk-Mall.) all partici- "Reference Labo-
pants- this  ratories”
survey
7 - T7.5¢2.5  **g.2242.75  *te.93+1.16
18 - 16.1+4.0 14.9 +5.22 11.6 +1.72
14 2.1 - 2.65+1.53 2.13+0.88
2 16.6 - 17.2 +3.%0 15.2 +1.94
+
- values represent mean + 2 SD
**_ values represent mean + 1 SD

approaches) and returned to the participant. Advantages of
such surveys are their ease to carry out and the frequen-
cy at which they can be repeated. Disadvantages are the
lack of reference methods, leading in turn to a lack of
"target-values". When, to take an extreme case, the majo-
rity of laboratories find values for the analyte concen-
tration which are too high, those who estimate the analy-
te correctly have values lying either outside the -2 SD
value or under the 20-%ile.

The situation on the steroid sector ist almost ideal,
in asmuch as a definitive method (isotope dilution mass
spectrometry - IDMS) can be used to establish true values.
A more intensive variation of this type of EQCS is run by
the World Health Organisation Human Reproduction Unit
(WHOHRU) , (5). Here, 2 samples from a large set of serum
pools (15-20 sera) are distributed at regular intervals
over a period of 2 or 3 years, which allows for a conti-
nuous precision control of the participant's assays. The
collection and storage of the large amounts of serum
needed is the drawback of this survey.

The disadvantages of the "Munich-Model" of EQCS are
evident for both participant and organizer, resulting in
the infrequent repeat for each hormone every 2-3 years.
For a small group, the amount of work is far too much to
carry out regular EQCS of this model,which can only be
performed for one, at the most two, parameters. The advan-
tage is the detailed analysis of methodology leading to
detection of errors and establishing a two way contact
between organizer and participant. Furthermore, this type
of EQCS survey can be used to select reference laborato-
ries on the basis of objective criteria and to establish
assigned values.

A compromise would be to use both types of EQCS,
where the Munich-Model set the target values in 10-20 se-
rum pools,which could then be used in a WHOHRU-type long
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term EQCS. Furthermore, the reference laboratories chosen
from the Munich Model EQCS could work with matched rea-
gents in order to set the target values even more accura-
tely, these matched reagents being either an organisor-
produced or commercially-produced kit.

The time taken in setting target values for 6 hormo-
nes in the serum pools must be estimated at 18-24 months.
In the eyes of the authors, such an undertaking in the
FRG is only possible in conjunction with the DGKCh and
INSTAND, and eventually together with kit producers.
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SUBJECT INDEX

Prepared by Dr. E.A. van der Veen, Amsterdam

adenylase cyclase system hypothyroidism, blood
composition, 7 level, 64, 65
anemia circadian rhythm
chronic disease, fer- thyrotropin, 14
ritin, 241 congenital hypothyroidism
chronic renal failure, clinical aspects, 183-
ferritin, 244 193
megaloblastic, ferri- goiter area, Italy, 159-
tin, 247 167
rheumatoid arthritis, intelligence ‘quotient,
ferritin, 242 176-181
serum ferritin, diag- Italy, 168-174
nosis, 239-247 mental retardation, pre-
apoferritin vention, 140
structure, 197 North America, screening,
apomorphine 136-143
thyrotropin secretion, screening methods, 136
rat, 16 Switzerland, screening,
145-150
brain development corticosteroids
microtubule formation, thvroid secretion, 17,
128 32
neurite growth, thyroid cretinism
hormones, 127-134 endemic, TRH-test, 83-89
breast feeding thyrotropin subunits, 87
intelligence, congeni-
tal hypothyroidism, dopamine
176-181 thyrotrooin secretion,
bromocryptine 16, 32
thyrotropin secretion,
16 endorphin
thyrotropin secretion,
calmodulin 18
thyrotropin, binding,
7 ferritin
cancer see also serum ferritin
heart-isoferritin, clearance, 225
tumor marker, 256-265 determination, clinical
cholera toxin applications, 233-237
mechanism of action, 7 iron content, 199, 222
cholesterol iron release, 201
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iron uptake, 199

molecular weight, 197
structure, function,
197-201

subunit, 205-207, 213-
215

goiter

endemic area, congeni-
tal hypothyroidism
screening, 159-167

endemic, T, blood level,
78 3

endemic, T4 blood 1level,
78

endemic, thyrotropin
blood level, 78

low iodine diet, 76

non-toxic, thyrotropin,
76-81

sporadic, 77

histamine
thyrotropin secretion,
17
hypothyroidism
Graves disease, TRH-
test, prognostic value,
90-96
hypophysis-thyroid system
methimazole, 99
thvroid adenoma, 99-106
thyroidectomy, 100
hypothalamus
hypothyroidism, 50
hypothyroidism
central, thyrotropin
secretion, 48-55
cholesterol blood level,
64, 65
congenital, incidence,
iodine deficiency, 163
congenital screening,
endemic goiter area,
159-167
congenital, screening,
North America, 136-143
congenital, screening,
Switzerland, 145-150
hypothalamus, 50
iodine deficiency, thy-
rotropin blood level,
73
prevalence, 71
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transient, prematurity,
151-157

TRH-test, 58-67

triglyceride blood level,
64, 65

intelligence cuotient
congenital hypothyroidism,
176-181
iodine
deficiency, goiter, 159-
167
deficiency, hypothyroid-
ism, 73
low iodine diet, goiter,
76
thyrotronin secretion, 32
iron
content, ferritin, 199
deficiency anemia, serum
transferrin, 240
deficiencyv, serum ferritin,
230-237
release ferritin, 201
uptake, ferritin, 199
isoferritins
cancer, 256-265
heart isoferritin, 256-265
immunological aspects,
213-220
structure, 204-211
tumor marker, 219, 220

lithium
thyrotropin secretion, 32

kidney failure
anemia, serum ferritin,
244

mental retardation
congenital hypothyroidism,
breast feeding vs formula
feeding, 176-181
prevention, congenital
hypothyroidism, 140
methimazole
see thiamazole
metoclopramide
thyrotropin secretion,
16, 32
molecular weight
ferritin, 23
ferritin subunits, 213



thyrotropin, 23
thyrotropin subunits,
23

neurite growth
brain development, thy-
roid hormones, 127-134
microtubule formation,
128

pimozide
thyrotropin secretion,
16
prematurity
transient hypothyroid-
ism, 151-157
prostaglandins
thyrotropin secretion,
18

radioimmunoassav
thyrotropin, 39-47
thyrotropin, dried blood,
146
rheumatoid arthritis
anemia, serum ferritin,
242

screening methods
hypothyroidism, cost-
benefit analysis, Italy,
168-174
serotin
thyrotrooin secretion,
16
serum ferritin
see also ferritin
anemia, chronic disease,
241
cancer, tumor marker,
249-254, 256-265
iron content, 222
iron deficiency, 230-237
kidney failure, 244
origin, 224, 225
purification, 221, 222
rheumatoid arthritis,
anemia, 242
structure and metabo-
lism, 221-228
thalassemia, 246
sex steroids
thyrotropin secretion,
17, 32

somatostatin
thvrotropin secretion,
15, 32

T
3§gg triiodothyronine
Ty
see thyroxine
thalassemia
serum ferritin, 246, 249-
254
thiamazole
thyroid adenoma, 99
thyroglobulin
synthesis, metabolism, 10
thyroid adenoma
hyporhysis-thyroid system,
99-106
thvroid carcinoma
TRH-test, 110
TSH-suppression, 108-111
thyroid hormones
see also thyroxine and
triiodothyronine
neurite growth, brain
develooment, 127-134
thyroid stimulating anti-
bodv
effect on TSH-receptor,
10
thyroidectomy
thvroid adenoma, 100
thyrotropin
calmodulin, binding, 7
drugs, human, 29-34
goiter, non-toxic, 76-81
measurement, indication,
114-122
mechanism of action, 3-11
molecular weight, 23
radioimmunoassay, 39-47
radioimmunoassayv, dried
blood, 146
subunit, function, 6
subunit, synthesis and
secretion, 23-27
thyrotropin blood level
endemic cretinism, 85
iodine deficiency, hypo-
thvroidism, 73
normal values, 69, 70
transient hypothyroidism,
154
thyrotropin receptor
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composition, 4, 5
non-target tissues, 11
regulation, 14
thyroid stimulating
antibody, effect, 10
thyrotropin secretion
adrenergic system, 16,
17
age related changes, 14
apomorphine, rat, 16
brain peptides, 18
bromocrvptine, rat, 16
central hypothyroidism,
48-50
circadian rhythm, 14
cold exposure, 15
control, 13-17
corticosteroids, 17, 32
diphenylhydantoin, 32
domperidone, 32
dopamine, 16
endorphins, 18
histamine, 17
iodine, 32
lithium, 32
metoclopramide, 16, 32
pimozide, 16
prostaglandins, 18
serotonin, 16, 32
sex steroids, 17, 32
somatostatin, 15, 32
stress, 15
sulpiride, 32
TRH administration, 15,
30, 31, 58-67
thyrotropin subunit
blood level, 26
endemic cretinism, 87
function, 6
molecular weight, 23
secretion rate, 26
synthesis, secretion,
23-27
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thyroxine
endemic goiter, 78
measurement, congenital
hypothyroidism, 136-140
monodeiodination, thyro-
tropin, 14
transient hypothyroidism,
154
thyroxine binding globulin
congenital deficiency,
incidence, 139
transient hypothyroidism
Ty blood level, 154
thvrotropin blood level,
154
TRH-test
cretinism, 83-89
Graves disease, treatment,
prognostic value, 90-96
hypothyroidism, 58-67
indications, 119
thyrotropin release, nor-
mal and pathological,
15, 30, 31
TSH-suppresion, thyroid
carcinoma, 119
triglyceride
hypothyroidism, blood
level, 64, 65
triiodothyronine
endemic goiter, 78, 85
thyrotroph, 14
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