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Problems with the Measurement of Human
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Probleme bei der Messung von humanem Choriongonadotropin (hCG) in Ringversuchen

W. G. Wood'2, R. Hanke?, H. Reinauer?

Summary: The Institute for Standardisation and Do-
cumentation in Medical Laboratories (INSTAND)
carries out regular external quality assessment surveys
in accordance with the Calibration Act of the Federal
Republic of Germany. In this brief report, the state of
the art of assays for human chorion gonadotropin
(hCQ) is discussed, taking results from surveys bet-
ween October 1993 and January 1996 into account.
Four serum samples were distributed several times
over the observation period and a fifth serum, a recal-
cified plasma (blood group 0, Rh positive) was sent as
a control for the reference range for men and non-
pregnant women.The results showed a worsening of
the comparison between methods, especially for as-
says measuring intact hCG. Whereas all methods
could be compared in one group at the beginning of
the observation period, with inter-laboratory coeffi-

cients of variation under 20%, this was no longer pos- -

sible after October 1994, where differences between
measured concentrations were almost a factor of two
in the most extreme cases. The aim of this publication
was to draw attention to this unacceptable state of af-
fairs, which has most probably been brought about by
the use of pairs of monoclonal antibodies recognising
some, but not all, important epitopes of circulating
hCG.
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rium (INSTAND) fiihrt regelmiBig Ringversuche in
Ubereinstimmung mit dem in der Bundesrepublik
Deutschland giiltigen Eichgesetz durch.

In der vorliegenden Arbeit wird eine Standortbe-
stimmung der Assays fiir humanes Choriongonadotro-
pin (hCG) vorgenommen, wobei die Ergebnisse von
Ringversuchen zwischen Oktober 1993 und Januar
1996 betrachtet werden. Vier Serumproben wurden
wiederholt wahrend des Beobachtungszeitraums ver-
teilt; zusétzlich wurde ein fiinftes Serum (recalzifizier-
tes Plasma der Blutgruppe 0, Rh positiv) als Kontroll-
probe im Referenzbereich fiir Ménner und nicht-
schwangere Frauen versandt. Die Ergebnisse zeigten
beim Vergleich zwischen den einzelnen Methoden. in-
besondere bei solchen, die intaktes hCG messen, eine
Verschlechterung. Wahrend zu Beginn des Beobach-
tungszeitraumes bei einem maximalen Variationsko-
effizienten von 20% alle Methoden in einer Gruppe
verglichen werden konnten. war dies nach Oktober
1994 nicht weiter moglich, wobei sich in Extremféllen
die gemessenen Konzentrationen nahezu um den Fak-
tor 2 unterschieden. Zweck dieser Publikation ist es,
auf diesen unhaltbaren Zustand hinzuweisen, der
hochstwahrscheinlich durch die Verwendung von Paa-
ren monoklonaler Antik6rper entstanden ist, die nicht
alle wichtigen Epitope von zirkulierendem hCG er-
kennen.

Schliisselwérter: Choriongonadotropine/Analytik;
Choriongonadotropin, beta- Kette, Humanes; Sensiti-
vitdt und Spezifitat; Reagenz-Kits, Diagnostische: Pro-
duktiiberwachung nach Markteinfithrung; Qualitétssi-
cherung, Gesundheitswesen.

s one of two récognised professional bodies in the

Federal Republic of Germany, INSTAND carries
out regular external quality assessment schemes for a
multitude of laboratory analytes. One group of ana-
lytes for pituitary hormones includes the determinati-
on of human chorion gonadotropin (hCG). Until Oc-
tober 1994, all participants were able to be assessed as
a single group; since this time, this procedure is no lon-
ger possible. This short communication describes the
trends in hCG measurement between October 1993

_ and January 1996.

©1996 Blackwell Wissenschafts-Verlag, Berlin




The study includes kits declared to measure ‘intact
hCG’ [ hCG] and those declared as measuring ‘intact
hCG + beta-subunit’ [hCG + f]. Although methodolo-
gical differences and the use of different antibody-
pairs have been seen as the cause for differing results
in assays for lutropin (LH) [1-4], such problems for

hCG have not been encountered, at least not suffi- °

ciently for cause of concern in inter-laboratory compa-
rison.

Materials and Methods

The study includes four commercially prepared lyo-
philised human-based spiked sera which were distribu-
ted several times over the observation period. As a
control in the normal/reference range for males and

non-pregnant females a sample prepared from male

and non-pregnant female blood donor plasma (blood
group O, D positive) was used. The sample was first
recalcified, then passed through a sterile filter and lyo-
philised without addition of stabilisers or anti-microbi-
al agents.

Certain kits have been selected to show the worse-
ning trend as far as comparability of results is concer-
ned. These kits have been assigned codes to retain
anonymity.

As the data were normally distributed within each
group (Kolmogorov-Smirnoff test) the mean and coef-
ficient of variation (CV) were used as points of central
tendency and dispersion respectively.

Nomenclature

Problems arose as many participants did not know
which forms of hCG were recognised by the kit used.
This was further complicated as several manufacturers
and suppliers of kits had methods for ‘total hCG’/
‘intact hCG’ as well as for ‘total hCG + B-hCG’/
*B-hCG’. Whereas the majority of kits for total/intact
hCG were calibrated against the third international
standard (NIBSC 75/537), those for measuring intact
and B-subunit cannot be calibrated against a single

-+ standard, although this has been attempted by many
- producers.

The calibrator itself was given as 3rd IS, 3rd IS

. 75/537, 1st IRP, 1st IRP 75/537 and 3rd IRP 75/537,s0

that the user who has not informed himself about

! IRP/IS nomenclature is often confused as to how his

kit has been calibrated!
Finally, problems arose from the instructions ac-

: .. companying the kit — for example, a producer selling a
* ¢ kit for hCG (titled hCG), who gave excellent reasons

*": for using the 3rd IS as calibrator, as it contained only

intact hCG, described how the kit used two monoclo-

: nal antibodies specific for the f-subunit and declared

that the kit measured intact hCG and free S-subunits.

s Nicht standardisierte Abkiirzungen: CV, coefficient of variation;
: nCG, humanes Choriongonadotropin; IRP, International Referen-

--ce Preparation.
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Groups used for Analysis

In the first penod of observation (October 1993 - May
1994), all participants were assessed together. As it be-
came apparent that the mterlaboratory coefficient of
variation was continually increasing, groups of kits
measuring in the same range were constructed to al-
low a statistical evaluation. These groups were desig-
nated Al1-C1 for kits measurmg intact hCG, and
A2-C2 for kits measuring intact plus B—subumt The
kits in each group remained constant. As this grouping
was not optimal, single kits with sufficient participants
for statistical analysis were selected and designated as

-above. Kit A1, for example, was from manufacturer A

and was declared to measure intact hCG. Kit A2 was
from the same manufacturer and was declared for
measuring intact hCG + B-subunit. Kits not being able
to be allotted to a group, or in insufficient numbers for
seperate statistical analysis formed the rest group. The
composition of this group was heterogeneous, the re-
sults being given in tables 1la-1c for completeness.

Results and Discussion

Tables 1a and 1b show the results from the study, ar-
ranged according to the samples and as to whether
intact hCG (tab. 1la) or intact hCG + pB-subunit
(tab. 1b). Table 1c shows the results of the recalcified
blood plasma sample, which was only analysed once
during the observation period.

Intact hCG

It is clear to see that whereas from October 1993 until
May 1994 all kits could be assessed together with an
inter-laboratory coefficient of variation under 20%.
from October 1994 on this was no longer possible.

The results from samples I and II show that changes
in antibodies and/or standardisation occurred at or
around the end of 1993. From mid-1994, Kit Al was
unable to be assessed with the rest of the kits and from
the beginning of 1995, groups of kits giving similar re-
sults had to be formed, followed by single kit evaluati-
on for kits with sufficient participants for statistical
analysis.

From mid 1994 the results from each different
kit/groups of kits was moreorless stable, if kit A1 was
excluded, for each sample. The absolute measured
concentrations however differed from kit to kit and

" group of kits to group of kits. For sample III, an unex-

plainable jump in the measured intact hCG concentra-
tion occured in Kit Al between May 1995 and January
1996.

The trend for hCG, not seen for the other pituitary
hormones of this family (lutotropin, follitropin, thy-
rotropin) in these four sera, can only be described as
being counter-productive for inter-method compari-
son.

The same question must be raised as for lutropin,
that is, whether.the choice of monoclonal antibodies
used in the hCG sandwich assays is perhaps too speci-
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Table 1a Trends in human chorion gonadotropin measu- Table 1b Trends in human chorion gonadotropin measu-
rement in four selected samples over a three year period. rement in four selected samples over a three year period.
Results for ‘intact hCG' Results for ‘intact hCG + f-subunit’
Date Mean CV (%) Participants Kit/ Date Mean CV (%) Participants Kit/
Sent (n) (n) Group Sent (/) (n) Group
Sample | Sample |
October 1993 146 16.9 154 "All May 1995 193 10.9 57 Kit A2
May 1994 144 18.3 130 Al 174 16.4 9 Group A2
October 1994 178 13.9 79 Kit A1 123 13.6 9 Group B2
128 17.8 103 Rest 168 18.7 5 Group C2
May 1995 132 8.44 13 Kit A1 177 21.8 13 Rest
131 11.5 37 . Group Al
113 8.53 18 Group B1 Sampile Il
122 12.3 5 Group C1
142 1.08 4 Rest January 1996  73.8 15.4 20 Kit A2
36.8 8.01 11 Kit B2
Sample Il 419 14.9 9 Group C2
October 1993  19.0 18.6 154 All Sample il
January 1994  35.4 16.1 87 All
October 1994  70.9 11.5 79 Kit A1’ May 1995 67.5 11.7 57 Kit A2
36.4 17.2 103 Rest 67.1 19.6 9 Group A2
January 1995 66.0 18.2 30 Kit A1 38.1 235 9 Group B2
36.8 16.8 4 Kit B1 57.9 5.09 5 Group C2
36.9 19.4 62 Rest 55.8 18.4 13 Rest
January 1996  77.8 7.39 23 Kit A1 January 1996  67.0 13.0 20 Kit A2
441 5.29 6 Kit C1 36.8 8.01 11 Kit B2
28.5 11.5 " Rest 33.0 16.7 9 Group C2
Sample il Sample IV
May 1994 18.1 15.5 130 All October 1995 911 11.6 34 Kit A2
May 1995 14.9 10.7 13 Kit A1. 686 18.3 20 Group A2
17.4 167 37  Group At 531 16.8 8 Group B2
33.6 8.96 18 Group B1
124 15.1 5 Group C1
January 1996 ;gg ;892 2% gte f\t1 Table 1c .Sample in reference range for males and non-
28.5 115 ) Kit C1 - pregnant females (Recalcified blood donor serum sent
118 124 11 Rest October 1995)
Sample IV Mean: CV (%) Participants Kit/
: (N (n) Group
:Jjanuary 1994 625 19.3 27 All - -
anuary 1995 784 20.5 © 30 KitA1 |
600 7.1 4 Kit B1 IntacthCG 0 a3 20 ki
587  17.1 62 Rest 0 - it A1
October 1995 821 173 40 *  KitAl 9% 22 N Srouw A
594 15.1 21 Group At ‘34 159 1 MRt
488 12.3 14 Group B1 : at 15 es
568 = 22.8 14 Rest HCG + f-subunit
0.47 28.1 34 Kit A2
; ; ; 0.94 12.0 20 Group At
fic, thus excluding some epitopes of the hormone 0.91 129 8 Group B2

molecule, which may be present, for example ‘nicked-
hCG’. Curiously enough, follitropin assays have not
suffered problems during the change from competitive
to immunometric assays and from the use of polyclo-
nal antisera to pairs of monoclonal antibodies.

Intact hCG + B-subunit.

The sorting of kits into those measuring intact-hCG
(holo-hCG) and those measuring both the intact mole-
cule as well as the free S-subunit was first necessary in
1995 as more producers/suppliers had kits designed to
measure both variations. This led to confusion amon-
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gst the user, who often did not know what his/her kit
measured. The appearance of a bimodal distribution
of the values for kit Al in January 1995, reflected by
the inter-laboratory coefficient of variation over 20%
confirmed suspicions that both kits measured different
analytes in sample IV. This was further supported by
the results from sample I in May 1995, where the re-
sults for kit A2 were on average above 60 IU/ higher

than for kit Al. In both cases, the inter assay coeffi-

cient of variation had been reduced by almost 50%.
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Kit Al and A2 are from the same producer and both are offered for use
with the company’s automatic analysers. It can be excluded that some
participants were not aware of the difference between the declared spe-
cificity of Kit Al and A2 and entered their results in the wrong column,
as the interlaboratory precision was excellent (see table la, Kit Al,
May 1995.and January 1996). '

It is difficult to know whether free B-subunits alone can account for
the difference in concentrations measured as kits designed to measure
only the free B-subunit found similar concentrations in all four samples.
As these kits were standardised against NIBSC 75/551, the 1st. IRP for
the B-subunit of hCG, a comparison of results was not directly possible.

The presence of a wide range of hCG forms and metabolites in blood
and urine is well known, as is the difference of these forms to react with
monoclonal antibodies [5,6].

Although the within-kit inter-survey results are more stable for kits
measuring intact hormone and free B-subunits, the absolute values vary
enormously.

This short presentation is designed to highlight the problems occur-
ring with the determination of human chorion gonadotropin in serum.
In contrast to other hormones, for example thyrotropin and intact para-
thyrin, the situation with hCG has got worse instead of better. The pro-
ducers of kits are encouraged to improve this situation by choosing
pairs/groups of monoclonal antibodies which recognise the main forms
of hCG occurring in serum. The problems of ‘standardising’ a mixture
(holo-hCG and free S-subunits) should not be underestimated as this is
theoretically impossible! Furthermore, the producers should use the
correct terminology for what they offer. Despite the fact that a meeting
of scientists and producers in Bonn in 1983 [7] who met to discuss stan-
dardising ‘hCG-terminology’, there are still many kits which are incor-
rectly labelled. '

Finally, it should not be underestimated that incomparability between
methods, especially in a decentralised health system, may lead to misclas-
sification errors and errors in patient care [8]. In the days of full automa-
tion of laboratory methods, the question of adequate quality control is
often falsely taken for granted [9]. . .

References

1. Jeffcoate SL. What are we measuring in gonadotropin assays? Acta Endocrinol Suppl
Copenh. 1988;288: 28-30. .

2. Seth J, Hanning L, Jacobs HS, Jeffcoate SL. Measuring serum gonadotropins: a cau-
tionary note (Letter) Lancet 1989;1(8639):671.

3. Jeffcoate SL. Analytical and clinical significance of peptide hormone heterogeneity
with particular reference to growth hormone and luteinizing hormone in serum. Clin En-
docrinol Oxf 1993:38:113-21.

4. Hashimoto T, Matsubara F. The need for primary quality control of commercially
available immunoassay kits. J Clin Pathol 1991;44:165-7.

5. Birken S, Chen Y, Gawinowicz MA, Lustbader JW, Pollak S, Agosto G, Buck R, O’-
Connor J. Separation of nicked human chorionic gonadotropin (hCG), intact hCG, and
hCG beta fragment from standard reference preparations and raw urine samples. En-
docrinology 1993;133:1390-7. .

6. O’Connor JF, Schlatterer JP, Birken S, Kriechevsky A, Armstrong EG, McMahon D,
Canfield RE. Development of highly sensitive immunoassays to measure human chorio-
nic gonadotropin, its beta-subunit, and beta core fragment in the urine. Cancer Res
1988:48:1361-6. : .

7. Zuverlassigkeit von Hormonbestimmungen; Steroide und Choriongonadotropin. Ar-
beitsgesprach der zentralen Referenzinstitutionen der Deutschen Gesellschaft fiirr Klini-
sche Chemie. Bonn 23.Feb. 1983. Dt Ges. £. Klin. Chemie e.V. - Klinische Chemie Mittei-
lungen. 1983;14:251-54.

8. Seth J. Sturgeon CM, al-Sadie R, Hanning I, Ellis AR. External quality assessment of

immunoassays of peptide hormones and tumour markers: principles and practice. Ann Ist |

Super Sanita 1991;27:443-52,
9. Tietz NW. Accuracy in clinical chemistry - does anybody care? Clin Chem
1994:40:859-61. : .

J Lab Med 1996; 20 (10) : 568-571 571

Adhiisions-
objekttriger

Zur Verankerung von lebenden

.Zellen ohne Verlust von

Antigenitit und Funktionalitit

e Ideal zur Untersuchung von
- Oberflichenantigenen
- Intrazelluldren Antigenen
- Immunzytochemischen
Methoden
- Morphologischen
Eigenschaften

J® Geeignet fiir verschiedenste

" Techniken

e Dauerhafte Dokumentation

Fordern Sie Ihr kostenloses
Muster an:

Telefon: 089/31884-148

D)

BIO-RAD
Laboratories GmbH
Klinische Diagnostik
HeidemannstraBle 164.
D-80939 Miinchen
Tel.: 089/31884-140
Fax.: 089/31884-100




