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INTRODUCTION

History

One of the earliest pregnancy tests recorded, according to
Forbes (1), is found in Prescription 199 of the Berlin Papyrus,
written between 1300 and 1100 B.C. It is thought to be the same
test as that found in fragments of the earlier Carlsberg Papyrus
(2000 to 1800 B.C.) (2). Directions call for the patient to pack-
age wheat and spelt (a hard grained variety of wheat) in separate
"packs'" with dates and zand, and water them with her urine. Ger-
mination of wheat indicated that the child would be a boys of the
spelt, a girl; and if neither grew, the patient was not pregnant.
Schoeller and Goebel (3), Zollikofer (4), and Burkhardt (5),
quoted by Forbes, showed that estrone, estradiol, and some hypo=-
physeal hormones definitely stimulated the growth of corn, onions,
and a meadow grass, "Poa". Henriksen (6), in 1941, tested fifty
urines using the germination test, and foundb75% correctly posi-~
tive and 85% correctly negative. Thus, there may be some scien-
tific basis for the empirical pregnancy tests involving plant
growth.

In the hundreds of years since that time, many "strange and
magical™ tests for pregnancy have been used, many of which were
tests on urire. In 1554, Rueff (7), stated that "a more certain
experiment will be to bottle up the woman's urine in a glass for
three days, at which time exactly, it is strained through pure
muslin, and if she has conceived, minute animalcules looking
like lice will appear.'" Another test (9), states "let the wo-

man that supposes she has conceived, take a green nettle and put
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it into her own urine, cover it close, and let it remain there-
in a whole night., If the woman be with ¢hild, it will be full of
red spols on the morrow; but if she be not with child, it will be
blackish.”™ Earlier versions of a similar test refer to use of a
needle rather than a nettle. Uroscopy, the diagnosis of disease
by inspection of the urine, was practiced from the thirteenth to
the eighteenth century (3). The urine of pregnancy was believed
to have special features, particularly if it were stored in a
glass container for a few days. By individual criteria, physi-
cians pronounced the diagnosis and prognosis of pregnancy with-
out aid of tests, or even examination of the patient. Some of
their criteria may, however, have been valid. In 1486, Savonarola,
according to Marshall (10), recorded observation of a cloud which
forms in pregnancy urine. Later, workers noted that the parti-
cles which formed the cloud, given time, coalesced to form a pel-
licle., Nausche (11) in 1831, described the pearly white film re-
sembling "fat on cooled broth", which formed on pregnancy urine,
and called it Kyesteine, from the Greek word for conception. Pel-
licles were occasionally found to be formed by urines other than
Pregnancy urine, Sut they were of a different character. Tanchon
(12) (1839), Bird (13) (1840), and Gull (reported by Bird) found
very good correlation of Kyesteine test results with c¢linical con-
ditions. In 1842, Elisha Kane (14) reported an extensive study
of Kyesteine, describing a series of 85 pregnancy urines tested,
Of these, 68 had typical pellicles, 1l had modified pellicles,
still clearly recognizable, and 6 had none. In a series of 16

unknowns, he diagnosed all correctly, some contrary to presumptive



evidence based on history and physical examination. DPellicles
were typically found before the second month of suspended mens-
truation. In 1845, Kleybolte (15) reported finding Kyesteine
formed by a urine collected five days after conception, Gull re-~
ported finding a pellicle in the urine of a woman later delivered
of a "hydatid mole". Because of its cheesy odor, the pellicle was
thought to consist of a caseine precursor of milk. Xane found
that it disappeared from the urine of nursing mothers, but reap-
peared upon interruption of nursing. He also found that moderate
temperature was necessary for proper pellicle formation., Churchill
(16), in 1851, briefly mentioned a French worker who found that
the pellicle would not form in an atmosphere deficient in oxygen.
Zimmerman (17) (1846) demonstrated that the pellicle consisted
largely of bacteria., Following this discovery, the test lost
much of its acceptance, but Tatta (18) (1934) reported the use
of preparations of urinary pregnancy hormones to promote growth
of certain bacteria. Marshall (10) (1948) believed that the
careful work of Nausche, Kane, and others with the EKyesteine test
deserved more than a casuzl dismissal as "Pure Magic!. He stated
that the hormones being tested by Ascheim were probably capable
of promoting bacterial growth, and thereby, formation‘of the
pearly white film. e thought that the Kyesteine test should be
included among biological tests fof pregnancy.

In 1927, Ascheim and Zondek (19) working with white mice,
found a substance present only in the urine of pregnant mice,
which induced maturation of ovaries when injected into immature

mice, They quickly found the same system could be used to delect



the hormone in the urine of pregnant women. Thinking it to be

a pituitary gonadotrophin, they called it "Prolan". Zondek, in
1929, noted the appearance of "Prolan'" in the urine of four pa-
tients suffering from testicular carcinomas, according to Ferguson
(20). Engle (21), that same year, demonstrated that tﬁewacLion
of pregnancy urine on the ovaries of immature mice differed from
that of the freshly implanted anterior pituitary gland, He found
that although follicular stimulation was common to both, the
pituitary gland promoted ovulation, while pregnancy urine induced
hemorrhagic follicles and corpora lutea. Evans and Simpson (22),
alseo in 1929, reported that increase in ovarian weight was di-
rectly proportional to the amount of hypophyseal tissue implanted
into the animal, whereas a constant weight increase was caused by
a wide dose range of hormone extracted from pregnancy urine.

In 1933, Hamburger (23%) suggested that this effect might be
explained by follicular stimulating action of the hypophyseal
secretion which prepared follicles to be luteinized by urinary
hormone. He further suggested that urinary pregnancy hormone was
produced by chorionic tissue, and that it should be called
“chorionic gonadotrophin'. Evans (24), in 1935, concurred in this
terminology and found it present in the spinal fluid of patients
with hydatidiform mole and chorionepithelioma,

Comparzble assays of hormone were facilitated by the estab-
lishment in 1939 of the first International Standard for Chorionic
Gonadotrophin (25). The International Unit is described as fol-
lows: M"The specific gonadotrophic activity of 0.1 mgrm. of the

standard preparation shall be the international unit for recording
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the activities of all gonadotrophic preparations of human urine
of pregnancy, but only of such." This amocunt, under defined con-
ditions will cause cornification of vaginal epithelium of the im-
mature rat, Use of such a standard allowed comparison of bio-
logical tests for relative sensitivity as well as guantitation
of hormone in unknown specimens, Currently, the second Inter-
national Standard is used for csmparison (26). (See Appendix I)

While some workers characterized chorionic gonadotrophic
hormone, others established testing procedures to determine the
presence of hormone in the urine of pregnancy. Animals uti-
lized included many species, male and female, hypophysectomized
and intact, mature and immature. The gonadeotrophic effects of
hormone present were measured by increase in weight of uterus,
ovary, seminal vesicle, and ventral prostate; extrusion of ova
and presence of sperm in the cloacaj; ovarian hyperemia and
ovarian ascorbic acid depletion; melanophore stimulation in the
toad and in the Stichling fish; and increase in length of ovi-
positor in the Japanese bitterling. Time required for comple-
tion of the tests ranged from two hours to twelve days.

5till other workers preferred to demonstrate the biological
test for pregnancy directly on the patient, rather than use a
laboratory animal. Products related to pregnancy (such as plé—
cental tissue and colostrum) were injected into the skin and
the reaction observed. Henriksen (6) in 1941, found the results
of such skin tesis disappointing in that results claimed by in-
dividual authors could seldom be achieved by others. Subjective

errors of interpretation of the skin reaction were difficult to
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avoid because of the vague nature of the reaction. Few of those
interpreting the results were trained in reading M"allergic! re-
actiqns; many patients were found to have nonspecific responses
to the proteins injected, and many endocrine and metabolic dis-
turbznces modified and invalidated the results. Other tests per-
formed on the patient, such as hormone withdrawal effects, vag-
inel changes and cytoleogical studies as suggested by Papanicolaou
are performed by the attending physician and associates and are
more properly grouped as a part of the clinical examination of
the patient. A summary of representative biological tests is
found in Table I.

During the last decade, in vitro immunological tests have
Successfulliy challenged and almost entirely replaced biological
tests in routine elinical laboratories. These tests for preg-
nancy had their beginning early in the twentieth century. Follow-
ing the discovery of antibodies in 1889 by von Behring, and the
description of precipitation reactions in 1897 by Lraus, in 1903%
Liepmann.(ES) used a precinitin test in an attempt to prove that
placentz2l cells possessed specific differences from other body
tissue. He used ground placental tissue injected subcutaneously,
intravenously, and intraperitoneally into rabbits. Antisera were
successfully produced from intravenous and intraperitoneal injec-
tions. He demonstrated specific precipitin reactions between his
antiserum and placental tissue of two fetal cord sera, and a retro-
placental serum. Negative reactions with nonpregnznt female serum
and male serum demonstrated the specificity of the reaction. Col-

lip (56) in 1934, noticed that after repeated injections of such



hormones as thyrotropic hormone, g;owth hormone, and chorionic
gonadotrophin, some animals becane refractory to their effects.
He described the cause as an "antihormone'. The concept was
widely accepted that for every hormone, there was an antagonist
with opposite characteristics produced in response to excessive
amounts of hormones. Under normal circumstances, the action was
masked, but injection of excess hormone into the animals caused
& rise in concentration of antihormone, which explained the
difference in responsiveness of certain animals. The ratio of
injected hormone to the amount of normal hormone produced by the
animal deterumined the rate of production of the arntihormone.
Twombly (57) in 193¢, stated that the "antihormone" described by
Collip was probably an antibody. He produced a crude anti-HCG in
rabbits and mice, using hormone from pregnancy urine concentrated
by alcoholic precipitation. With this antiserum, he demonstrated
a visible precipitation reaction with hormone concentrate; and he
also demonstrated in vivo inhibition of the effects of the inject-
ed hormone.

Chase (58) in 1945, used a commercial preparation containing
a combination of follicular stimulating hormone (FSH), and human
chorionic gonadotrophin (HCG) from pregnancy urine as the antigen
to produce antiserum. Because the antigens were weak, the anti-
serum was of very low titer. To increase the strength of the an-
tiserum, Chase concentrated it by electrophoresis according to
the method of Tiselius (59), and eluted the gamma globulin vportion.
Her procedure resulted in a threefold increase in activity of the

antiserum. She adsorbed antigen onto collodion particles to in-
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crease aniigen surface for her test system., This test gave too
many false positive results to be practical for routine use.
Schuyler (60) in 1950, used a commercial preparation containing
combined extracts of placental tissue and pregnéncy urine to
produce antiserum in rabbits. He performed a precipitin ring
test by overlaying antiserum with antigen. This gave approx-
imately six per cent false positive and six per cent félse neg-
ative results. The accuracy could not yet compete with existing
biological tests for pregnancy.

In 1960, four laboratories reported immunologicel tests for
pregnancy which had greatly improved accuracy; one was a conzplement
fixation test; one, a precipitin test; and two were hemagglutina-
tion inhibition tests. Brody and Carlstrom {6Ll}, din July of that
yeér, reported production of a potent and specific antiserum. They
used this antiserum to demonstrate the presence of HCG in a comple-
ment fixation teét system, as originally described by Bordet and
Gengou (62). The antiserum was produced by injecting rabbits with
a crystaliine, electrophoretically homogenous preparation of HCG
combined with a modified Freund's adjuvant. The test was found to
detect 24 I.U. of HCG/ml. Among twenty specimens tested (eight sera
and three urines of non pregnant patients, and nine sera from women
two to five months pregnant) no false results were found.

McKean (63) in September of the same year, published details
of a precipitin test for diagnosis of pregnancy. The antigen he
used for producing antiserum in rabbits was a commercial prepara-
tion of HCG further purified by adsorption of associated glycopro-

teins on anionic resin. The hormone had a final activity of 9,000
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I.U./mg. This was combined with a modified Freund's adjuvant and
injected into rabbits to produce antiserum. Urinary extracts were
obtained by benzoic acid édsorption followed by alcohol precipita-
tion. In the test system, antiserum was overlaid with extract to
produce a ring test, which, to be considered positive, had to show
a reaction in two hours. All but two of thirty nine specimens
tested were confirmed by Friedman or Ascheim-Zondek tests. The
exceptions were caused by defects of the biological tests. Two
urines which were toxic to both mice and rabbits, gave immunoe-
logical test results (one positive and one negative) which were
clinically proven correct. He also reported forty additional known
positive specimens and twenty five non pregnant specimens which
all produced correct results with this antibody technique.

In August, 1960, Swierczynska and Samochowiec (64) published
a hemagglutination inhibition test. This test is a modification
of the hemagglutination test described by Salk (65) and later by
Stavitsky (66). The modification involved the incubation of the
antiserum with urine before the addition of the sensitized eryth-
rocytes. Inhibition of agglutination by hormone in the specimen
indicated a positive test. These workers used a commercial pre-
paration of HCG and Freund's adjuvant (67) to produce antiserum in
rabbits. Before use, the antiserum was insctivated at 560 C. for
30 minutes and then absorbed with sheep erythrocytes. Antigen
coated cells were prepared by using bis-dizzotized benzidine to
couple HCG to erythrocytes, according to the method of Stavitsky
and Arguilla (68). Urine to be tested was absorbed prior to use,

with sheep erythrocytes. In their test system, antiserum was



10
added to absorbed urine sample and incubated for 60 minutes at
37° ¢. Coated erythrocytes were then added and the samples left
at room temperature for another 60 minutes before reading. 0Of
78 pregnancy samples tested, 75 gave decisive positive results,
while 5 from patients in the tenth month of pregnancy gaﬁe vealt
results. No positive reaction was noted in any of 60 negative
controls. (Fifteen of these negative controls contained pPro-
tein.)

In October of that year, Wide and Gemzell (69) published
their test, also using ﬁemagglutination inhibition. The two
tests differed in their methods of coating the erythrocytes
with hormone, While the earlier group used chemical coupling
to coat the sheep erythrocytes, Wide and Gemzell used formal-
inized cells, tanned and coated according to the method of Boyden
(70). Specific antiserum was produced by them using a commercial
preparation of HCG and Ramon's adjuvant (72), They found that
the relative time of addition of antiserum and erythrocytes to
the sample produced no difference in final results. This test
was able to detect 0.2-C.3 I.U. of HCG/ml. Three hundred six
urines tested all gave correct results as determined by gyneco=-
logical examination or confirumed by biological tests. Two hun-
dred twelve urines gave inhigition of agglutination, indicating
positive results, and the remaining 9% tests resulted in aggluti-
nation patterns, or negative results,

In 1961, Ortho Diagnosties used, as the particulate antigen,

latex particles sensitized according to the method of Singer and
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Plotz (73;. This latex agglutination inhibition test had the
same principle as the hemagglutination inhibition test, but the
end point was visually different. Incubation of antiserum and
urine specimen was followed by addition of sensitized latex parti-
cles. After one hour of further incubation, the tube was centri-
fuged at 1,000 G's for two minutes and compared to a standard sol-
ution. Agglutinated particlesowere sedimentea by centrifugation,
wiile non agglutinated particles were supposed to stay in suspen-
sion to give a turbid supernatant fluid. Twenty I.U. of HCG/ml.
could be detected by the test. Overall accuracy of 3,000 testis
in 14 laboratories was 79% (37). Because of inadequate sensiti-
vity, and difficuliy in controlling centrifugation, the test was
soon replaced by a rapid slide test.

The first slide test required wax rings to be made on the
slide. Urine or serum was combined with antiserum within the
ring and rotated for four minutes. Latex suspension was added,
and after mixing, the slide was covered and rotation continued
for thirty minutes. Microscopic examination was made to detect
agglutination. The sensitivity was 5-6 I1.U./ml. (74). A recent
simplification used a single drop of reagents on a prepared slide
for a shorter time. One drqp of antiserum was combined with one
drop of urine on a commercially prepared slide and mixed with an
applicator stick. After mixing, the slide was gently rocked for
thirty seconds beiore the sensitized latex particles were added.
A further two minute rocking ensued before macroscouvic observation
for agplutination. Agglutination, interpreted as a negative result,

occurs when there is no inhibition of the antigen-antibody reaction.
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A smooth suspension was interpreted as a positive test for preg-
nancy. Positive and negative specimens were run concurrently to
facilitate evaluation of the end point. This rapid latex aggluti~-
nation inhibition test is available from several commercial com-
panies,

4 commercial test using the results of McKean's precipitin
reaction was produced, using an agar gel containing antiserum.
This test still required an extract of urine to be made. A well
in the agar plate was filled with the extract and the plate was
incubated. Formation of a precipitin ring arouand the well after
four hours indicated presence of hormone in the specimen. his
test was supposed to detect & I.U. of HCG/ml. in the original
specimen., In 497 normal pregnancies, accuracy was 63%; in 107
non pregnant patients, the accuracy was 94.3% (37). Once again,
because of lack of sensitivity as well as the longer périod of
time required for testing, the test did not gain acceptance.

In 1966, Bagshawe, Wilde, and Orr (75) published a radioim-
muncassay for human chorionic gonadoirophin. Their test depends
on competition between luteinizing hormone (LH) and HCG in the un-
known specimen, and 1131 labelled, purified HCG, for binding sites
on antibodies to HCG. A pregipitating antibody against the first
antiserum is used to cause aggregation of particles which are
large enough to be separated by filtration from the rest of the
system. The test is able to detect 0.007 I.U. of HCG/ml. This
method lends itself readily to automation, but at present is not

practical for routine pregnancy testing.
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The Problem

The necessity of early and accurate diagnosis of pregnancy
has becone progressively more critical as society changes. The
advent of new drugs on the market which may endanger the develop-
ing fetus (Thalidomide, antineoplastic drugs, etc); the increas-
ing clinical use of radioisotopes; and the more liberal abortion
laws, all contribute to this need. '"The need is unsatisfied for
several reasons,

An ideal test would require a substande, unique to the con-
ceptus, detectable from'fertilization to delivery, and which is
not mimicked by any maternal material. Placental hormone (human
chorionic gonadotrophin), the material currently considered the
indicator of pregnancy, is not produced during the initial period
after conception, and other maternal substances mimic some of its
actions. Some tumors, such as hydatidiform mole and chorionepi-
thelioma also oroduce a hormone like chorionic gonadotrophin,
which is antigenically identical. Thus, error in interpretation
could occur through no fault in the HCG test systen.

Some errors are inherent in antigen-antibody reaction systems.
Temperature change, pH variation, and c¢ross reacting substances
can affect resuits. Luteinizing hormone is known to have an anti-
genic determinant in common with chorionic gonadotrophin. Condi-
tions such as the post-menopausal state occur in which the secre-
tion of luteinizing hormone is greatly increased, resulting in
false positive pregnancy tests.

Comnercial test systems produced in secrecy and under paténts,

imply variations do exist. These variations may affect the indi-
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vidual responses under differing test conditions. Froteinuria
and metabolites of certain drugs in urine have been shown to do
this. The different sensitivities of the commercial systems will
cause variable results in early pregnancy, where the actual amount
of hormone vresent in the specimen varies not only with the dura-
tion of pregnancy, but also with the individual patient whose rate
of horuone production is unique.

It is the purpose of this paper to examine those factors
wiiich could be found in clinical situations and which could inter-
fere with immunological pregnancy tests; to compare the manner in
which each of seven commercial tests is affected by these factors;
and to suggest a practical mgthod to improve diagnostic accuracy
in those situations where pregnancy cannot be defined by clinical

means.
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MATERIALS AND METHODS

Hormone

Standard lyophilized HCG in urine* was supplied in three
amounts which, when reconstituted with one ml of distilled water,
produced solutions containing 5,000, 10,000, and 1,000,000 I.U./L.

A special diluent was provided by the same company for fur-
ther dilutions, which is stated to minimize adsorption of hormone
onto glassware. The composition of this solution is not given.

To demonstrate the precisioﬁ of calibration of the standards,
dilutions of each were made to produce solutions of 1 I.U./ml. and
these were compared using a pregnancy test** sensitive to this con=-
centration. Identical results were found.

Specimens

Only urine specimens were used throughout the study. All were
checked for specific gravity by means of a Goldberg Refractometer
(See Appendix II) and for protein, pH, and glucose by means of
Combistix (See Appendix III). Specimens were stored, after ori-
ginal testing, at 207 g,

The type of population used and method of sémpling are de=
tailed in the description of each experiment.

Kits

Six manufacturers of commercial pregnancy test kits were
approached, and five agreed to have their products included in this
study. They all furnished materials without cost. 'The sixth

manufacturer produced numerous arguments against having their

Supplied for this study by Organon, West Orange, N, J,.
** UCG = Supplied by Wampole Laboratories, Stamford, Conn,.
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product included and would no; supply material. Since it was a
chemical test in a study primarily considering immunological tests,
it was not considered important enough to pursue. Immunological
tests used in this study were of three types.

Direct Agelutination Test

Latex carrier particles are coated with antiserum. Antigen,
if present in the specimen, agglutinates the particles directly.
One test of this type was used in this evaluation: DAP

Agglutination Inhibition Test

The test is performed in two stages. A defined amount of
antiserum and specimen are allowed to react. If sufficient anti-
gen is present, all antibody molecules are bound in the resulting
complex, leaving no free antibody. The second step, to determine
if free antibody is present, is performed by adding particles
coated with antigen, which will asglutinate in the presence of
iree antibody. Thus, agglutination implies the patient is not
pregnant. There are two types of agglutination inhibition tests;
three examples of each are used in this study.

Hemagglutination Inhibition Tests

Pregnosticon Accuspheres
Pretel
UcaG
Latex Agrlutination Inhibition Tests
Planotest Dri-Slide
Gravindex

HCG
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Appendix 1V contains all degcriptive details of the kits, and
the manufzcturers' recommended methods of use. These recommended
methods were used throughout this study.

Glassware

‘Serological pipettes were used for this study after they had
been shown to give sufficient accuracy. (See Appendix V). Pi-
pettes, Erlenmeyer flasks, usedﬂfor storing solutions, and volu-
metric flasks were borrowed from the routine Serology Section of
the laboratory. Aliﬁglassware was acid washed, rinsed thoroughly,
and no detergent was used. The pH of the glassware was routinely
spot checked, by adding bromthymol blue indicator solution to ran-
dow pieces of glassware to be certain of adequate rinsing.

Slides used for latex tests were washed by coating with a
thin film of non detergent cleansing powder in water and allowed
to dry. They were polished with a clean towel or disposable tis-
sue. The spreading pattern of the drop of serum or urine was
always noted. If the drop did not spread (indicating improper
cleaning) it was rejected and recleaned.

Distilled Water

Distilled water was prepared in a Barnstead S5till (Sybron
Corporation). After being distilled, the water was deionized in
a "Deeminizer" (Crystalab Demineralizer). FEach aliquot of water
used was checked for purity and determined to have less than two
parts per million contamination, with pH 6.0.

Saline

Saline was prepared by adding 8.5 g. sodium chloride* to

* Analytical reagent, hallinckrodt Chemical Works, St. Louis, Ho.
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1 liter distilled water. This was made in quantity by the Serology
Section.

Filter Paper

Filter paper used to clarify urine specimens was Whatman
No. 4**, which is recommended by Organon in their Pregnoéticon
Accusphere procedure as being least adsorptive.

Because the Results and Discussion of the main portion of
this thesis involve comparison and evaluation of the results of
several separate experiments, the individual experiments are des-
cribed as complete units in the Materials and Methods section.

Factors Affecting Specimen Stability

A, Albumin
Procedure

A pool of pregnancy urine was made from the first morn-
ing specimens from two pregnant volunteers. This provided
adequate volume for this experiment. The pool did not con=-
tain glucose or protein. It had a pH of 6.0, and a speci-
fic¢ gravity of 1,017.

"Normal serum albumin, salt ﬁoor," processed by Hy-
land Laboratories for the American National Red Cross, was
added to pooled pregnancy urine specimens to éimulate abnor-
mal concentrations of albumin which might appear in clini-
cal specimens. The unit contained 25 grams in 100 ml. buf-
fered diluent, stabilized with 0.02M sodium acetyltryp-

tophanate and C.02M sodium caprylate. A 50 ml volumetric

** W, & R, Balston, Ltd., England
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flask was used to measure pooled urine. A serological
pipette was used to withdraw 0.6 ml., which was replaced
with 0.6 ml. of albumin solution to prepare a stock dilution
of 300 ng.% final concentration. A 10 nml, aliquot was sepa=-
rated for use in this experiment. One ml., of tge stock
dilution was added to 9 ml. of pooled urine to give a se-
cond 10 ml. aliquot having 30 mg.% concentration of the
stock dilution. Four ml. of the stock dilution were dilu-
ted to twelve with additional urine for 100 mg.% concen-
tration. Ten mls. of this final dilution were used for the
third sample. The three samples, tested with Combistix,
gave 3+, 1+, and 2+ results, respectively.

The three 10 nml, portions containing added albumin
and a fourth with nothing added, were each divided into
two equal portions. One of these was stored at room tem-
perature, and one at 4° C.

Twofold serial dilutions of each specimen being tes-
ted were made using 0.5 ml, of the diluent described above
in each dilution. To this was added 0.5 ml. of urine, the
sanple mixed, and 0,5 ml. transferred to the next tube.
Selected dilutions were tested with pregnancy tests. Once
the titer had been determined, a dilution above, and one
below, in addition to the predetermined dilution, were tes-
ted for each determination.

Titers of the specimens at given times were determined
using hemagglutination inhibition tests. Because of limited

materials available and the large number of tests being used,
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UCG was used for the first half of the experiment and
Pregnosticon Accuspheres for the second half, Parallel
titrations were run at the time of changeover from one
test to another, to assure consistent interpretation of
the end point. The end point was considered to be conm-
plete inhibition, indicated by a heavy ring of cells set-
tling to the bottom of,the tube. Where partial inhivition
occurred, giving less than optimal ring formation, results
were interpolated between that dilution and the next lower,
giving complete inhibition. Because the test detected
1 I.U./ml., the titer was taken as the reciprocal of the
dilution in the tube giving the proper end point reaction.
A one tube change in titer is not considered significant
76
Results

Table II shows that there was no significant altera-
tion in titer attributable to any concentration of albumin
up to 300 mg.% at either refrigerator or room temperature,
at any time up to seventy-two hours.

Wide (77) has shown that normal rabbit serum has a
stabilizing effect on human chorionic gonadotrophin in
solution. The effect of albumin might, therefore, be ex-
pected to be similar. A slight increase in titer shown by
the specimen containing 300 mg% of albumin could (possibly)
be interpreted as a synergistic effect upon tne titer., It
has been shown by many workers that the presence of "albu-

min" in urine specimens is sometimes responsible for false
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positive results, but no effect upon vositive specimens
has, to my knowledge, been demonstrated previously.
BE. Bacteria

Procedure

Two 10 nml., aliquots of the pregnancy urine pool used
in the first section (Albumin) were used to determine the
effects of bacteria at room temperature and at 4o C. upon
the stability of specimen titer. A stock culture of
Escherichia coli, and one of Staphylococcus albus, main-
tained by the Bacteriology Section of the Departiment of
Clinical Pathology were grown separately in Trypticase Soy
Broth* to match the MeFarland 0.5 Standard Concentration.
One tenth ml. of culture was then added to 1.4 ml. of broth
to yield a concentration of approximately 10,000,000
organisms per ml. One tenth ml. of this dilufion was
added to 10 ml., of the urine pool, to produce a final
urinary concentration of 100,000 organisms per ml., which
is an index of clinical infection. FEach specimen was di-
vided into two 5 ml. aliquots, one of which was stored at
4° ¢. and the other at room temperature. HCG titers were
determined using UCG and Accuspheres on each specimen at
stated intervals. The results are shown in the upper por-
tion of Table III.

This experiment was repeated in a modified form., Two

urine specimens from pregnant patients and another from a

* BBL, Division of Bioquest, Cockeysville, Maryland
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male patient were treated with the same bacteria in the
same way. These specimens were cultured before and on
completion of the experiment. They were stored at room
temperature only during the test. HCG titers were de-
termined at intervals using Pretel, and the resﬁits are
recorded in the lower portion of Table III.
Results

All but one of the specimens to which bacteria were
added showed a rise in titer of "HCG" occurring at 2Lk-48
hours. The increase occurred with both Gram positive and
Gram negative organisms, and was sufficient to cause a false
positive result in a negative specimen. It occurred ir-
respective of the viability of the organisms after 48 hours
in urine, as shown by the fact that when the three portions
of one specimen were cultured at the conclusion of the ex-~
periment, only one to twelve colonies grew from each of the
bacteria-containing portions, in contrast to profuse growth
from the other specimens.,
Storage Temperature

In the earlier two experiments, it was shown that us-
ing pooled pregnancy urine unchanged or with bacteria or
protein added, there was no difference between room tem-
perature storage and storage at g,

Two additional pregnancy urine specimens, stored at
room temperature, showed a difference with time. One main-
tained the same HCG titer for three days, while another,

under the same conditions, demonstrated decreased hormone
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titer.
Procedure

A further experiment was werformed to show the effect
of freezing upon the specimens. Three pregnant volunteers
each provided a first morning specimen of urine. A portion
of each was divided into 2 ml. aliguots which were stored
frozen at -20° C. and the remainder was left at room tem-
perature. At intervals up to 11 days, a new aliquot was
removed from the i ra C. storage and its titer of ICG de-
ternined as described previously. The titer of the cor-
responding urine left at room temperature was determined
at the same time.

Stability, over a longer period, was tested in an
experiment in which five specimens, shown to have positive
results in routine testing procedures, were frozen for six
weeks., At the end of that time, all were retested by a
different technologist, using the commercial kits being
evaluated in this study, and found to have the same results.
Results

Table IV records the study results. In this study,
five of the six uriges showed no leoss of actiﬁity irres-
pective of the temperature during the time of the study.
The remaining specimen did show a drop in titer at room
temperature.

These findings are compatible with those obtained by
Wide (77) who found no loss of hormone activity in 11 of

15 specimens he tested. The remaining L4 specimens did show
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a significant loss of activity which was unaltered by
storage at 1 © C. and only slightly retarded by freezing
at -20% g. The reason for this deterioration is current-
ly unknown. Noto and Miale (78) agree that more change
occurs at room and refrigerator temperatures thén at

-18° ¢, Although they state that the loss is more rapid
in specimens containing lower concentrations of hormone,
their published data does not supvort the statement.
Neither do the findings of Wide nor of this study suppbrt
it

Krieg and Henry (79) state that "prolonged standing
at room temperature (longer than eight hours) may cause
loss of HCG activity." Watson (80) also mentions that a
"small loss of immunochemically reactive CG occurs...when
the urine is stored at room temperature for more than a
day."

These studies indicate that a small minority of urines
do lose HCG activity on storage, and that storage at -18° ¢
will reduce the rate of deterioration. Storage of speci-
mens in the refrigerator may give the worker a false sense
of security since no demonstrable protective effect occurs.
The recommendation that urines should be tested within
eight hours or else stored frozen at -18° C. is supported.

Factors Affecting Test Systems

As Sensitivity
Procedure

Twofold serial dilutions of "Standard HCG in urine™
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were made by the classical method. Serological pipettes
were used to place 0.5 ml., of special diluent in each ti-
tration tube. To the first was added 0.5 ml. of one con-
centration of standard containing 10,000 I.U./L., the
material mixed, and 0.5 ml. transferred to the next fube.
This process was repeated throughout the titration, A
second titration was made using the standard containing
12,000 I.U./L. In this way, the final dilutions of 12.0,
16008, 6.0 50, 3.0, &5, 1.5, 1.25; €95, and 0,625 I.0.
of HCG/ml. were obtained. With these dilutions, each kit
was tested to determine the lowest concentration of hor-
mone detectable. Sensitivity tests were repeated through-
out the testing period to verify consistency of results.
Where different lots of a commercial test weretused, each
was tested individually, and the lot number designated.
See Table V for detectable concentration of hormone by
each kit.

The relative sensitivities of the commercial tests
were determined clinically. VFou: volunteers daily brought
first morning urine specimens for testing by each of the
commercial tests. The number of days elapsed between the
first day of the last menstrual period (L.M.P.) and the
first day each test became positive was used as an index
of sensitivity.

Where multiple lots of the same product from the
same manufacturer were tested (Planotest Dri-Slide, 3;

Pregnosticon Accusphere, 3; [ICG, 2; and Pretel, 2) the
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earlier day was used in those few instances where a one
day difference did occur, These results are shown in
Table V.

Results

The hemagglutination inhibition tests as a group are
more sensitive than any of the slide tests. Pregnosticon
Accuspheres was the only test able to detect pregnancy
from 31-35 days after the L.M.P., The less sensitive tests
became positive as bpregnancy progressed until the least
sensitive test, HCG, gave a positive result 76 days after
the last menstrual period. The close correlation between
this method of determining the relative sensitivities and
the actual sensitivities of the tests is apparent in Table
V.

This study also shows that if all the tests had been
performed at 41 days, as some of the test kits suggest,
"Pregnosticon Accuspheres" and "Pretel" would have 100%
accurate results; "UCG" and "DAP" 75%; "Planotest Dri-
51lide" and "Gravindex' 50%; while "HCG" would be totally
in error. These findings are supported by several wor-
kers using one or more of the tests used in this study.

In a series of pregnant patients no more advanced
than 38 days from L.M.P., Sato and Greénblatt (81) found
an accuracy of 40% for the slide test; 65% with the rat
ovarian hyperemia test; and 85% with a hemaggzlutination
inhibition test. Bermes and Isaacs (82) working with speci-

mens from patients no more than 40 days from L.M.P. found
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the hemagglutination test 75% accurate, and the latex
agglutination inhibition slide test only 24% accurate.
After 40 days, the accuracy of both tests improved to
98% and 96% respectively. Using a hemagglutination in-
hibition test, Whitelaw and Nola (83) found mos; tests
positive at 20 to 22 days past ovulation as noted by rise
in basal body temperature,. Assuﬁing this event to occur
approximately midway in the cycle, this would compare with
day 34 to 36 from L.M.P., and agree with the results of
this study. Mayo and Thompson (84%) showed that tests per-
formed before 36 days, ranged in accuracy from 20% to 60%.
From 36 to 49 days, tests ranged from 64% to 92% accuracy.

Fine, Morales, and Horn (85) emphasize the fact that
of 34 false negative tests obtained, 17 had been rerformed
earlier than 41 days, and when these were repeated three
or more days later, all became positive.

Watson (80) states that women normally have a posi-
tive pregnancy test on day 38, while Krieg and Henry (79)
say that false negative tests are common until day 48.
Venning (86) explained some of the differences as she
stressed the fact of individual variation in hormone se-
cretion. She has diagrammed the hormone rise in several
patients showing a variation in time when detectable con-
centration of hormone is attained from 25 to 45 days.

This fact has been shown in this study. While one
patient at 35 days already had positive results withrthree

tests, another did not have a positive test with the most
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sensitive until day 36 and the next, not until day 43,

Accuracy of the slide tests increases rapidly after
41 days. Still, where early detection is required, or
where abnormal results are suspected, the hemagglutination
inhibition tests are superior.

Temperature
Procedure

A temperature of 80° C. for one hour (77) or 100° C.
for 30 minutes (87) has been shown to have no effect on
antigenic reacfivity of Human Chorionic Gonadotrophin.
Antibodies in serum have been shown not to lose reactivity
readily on storage at 4% ¢, (88). Manufacturers all recome
mend storage of liquid reagents at refrigerator tempera-
tures, 4°9-8° ¢,

No mention has been found in the reviewed litera~
ture concerning the effect of temperature on the reac-
tion between antiserum and hormone coated particles. This
question has practical significance in view of the lack
of regulation of ambient temperature in many Clinical
Pathology Laboratories.

Commercial tests representative of each type of test,
were used at three ﬁemperatures to determine whether or
not the test systems were affected by ambient tempera-~
ture change. The actual tests used were UCG for a hemag-
glutination tube test, HCG for a liquid latex reagent

slide test, and Planotest Dri-Slide using dried reagents.

"Standard ECG in urine" was used at the lowest concentrations
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detectable by each of these test systems.
Results

Results are shown in Table VI. It will be seen that
both slide tests became less sensitive at 3?0 C., while
the tube test was unaffected. When dried reagents were
taken to 3?0 C. and returned to room temperature before
testing, no change was noted from the original sensitivity.
The slide test using liquid reagents, when taken to 370 c.
and allowed to return to room temperature before testing,
showed some loss of reactivity which corresponded to that
produced by testing at 370 Ce

These differences in behavior between tube and slide
tests are probably due to the effect of evaporation which
is proportionately greater from the slide where the abso-
lute volume of reagents is less and the surface area for
evaporation increased,
Hydrogen Ion Concentration
Procedure

A solution of "standard HCG in urine'" was diluted
to the lowest concentration detectable by each test used
in the study to investigate the effect of PH values con-
sidered possible in e¢linical situations. 1In addition,
one positive and two negative patient specimens were
tested in the same manner.

Hydropgen ion concentration was altered with con-
centrated HCl and NaOH introduced on a dampened applica=

tor stick to minimize dilution of small specimen volume,
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A fresh applicator stick was used each time.

Standard HCG in urine was also diluted with Univer-
sal Buffer (89), pH 2.0-12,0, to lowest detectable con=~
centration for one hemagglutination inhibition test (UCG)
and one latex agglutination inhibition test (Planotest
Dri-Slide) to show changes due to pH extremes beyond the
clinical range.

Values of pH from 4.5 to 7.5 were determined with a
Beckman glass pH electrode and Heath pH recording Elec-
trometer. Becéuse all specimens had originally been
tested between pH 5.5 and 6.5, with no variation found,
these readings were omitted in this series. Because DAP
was introduced inte the testing series later, only one
standard solution was tested with that kit. PFetel was
introduced too late to be included in this study. For
the second portion of the study, in which extremes of pH
were tested, an Instrumentation Laboratory pH/mV Elec-
trometer, Model No. 245 was used.

Resulﬁs

Table VII shows the results of the clinical studies,
It will be seen that all of the tests were affected ad-
versely at some point outside the optimum range of 5.5
to 7.0. (HCG had one false result at pH 7.0.) Adjust-
ment of pH resulted in no loss of titer., Denaturation
of protein does not occur within the physiological pH

range.
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Wide (77) notes that there is no effect upon the
hemagglutination inhibition test between 5.3 and 7.8.
Only one difference was found in this study, when one
specimen demonstrated a false negative result at pH 7.5
with UCG. Pregnosticon Accuspheres had no false results
within this range. Fine, et al (35) showed nc influence
on the hemagglutination inhibition tests between pH 5.0
and 9.0. Below 3.5, they found non specific agglutina-
tion of erythrocytes which was reversed upon adjustment

y .
of the pH, just as was found in this experiment. He also
found that decreased pH czused false positive results with
a slide test (Gravindex).

Because there is an increase in false results caused
by hydrogen ion concentration beyond the optimum range
{(pH 5.5 to 7.0} and because adjustment to pH 6.0 with in-
dicator paper, using HCl or NaOll, is a simple procedure,
all specimens outside the ideal range should be adjusted
prior to testing for pregnancy. Many studies mention
testing specimens-for v, but none have been found which
advocate any adjustment. In addition, ncne of the manu-
facturer's directions suggest this modification.

Protein

Procedure
The effect of protein was tested in two ways.
a) Effect of naturally occurring protein.

Specimens submitted for routine urinalysis which had
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been shown to contain protein were used. TFrom this group,
23 urines from males, children, or women over sixty years
of age were tested by each available pregnancy test ac-
cording to the manufacturer's directions. The results

are shown in Table VIII,

b) Effect of adding serum fractions to urine.
Procedure

A pool of male urine containing no glucose or al-
bumin was prepared. "Normal serum albumin, salt poor'*
was added to portions of the pool to produce solutions
containing 1250 mg.%, 300 mg.%, 100 mg.%, and 30 mg.% of
albumin,

"Immune Serum Globulin (Human) U.S.P."** containing
0.3M glycine and 1:10,000 Thimerosal N.F. was added to
portions of pooled urine to yield solutions éontaining
1,650, 1,000, 500, 250, 125, and 62.5 ng.%.

Lyophilized Human Glycoprotein (Factor VI)*** yas
used similarly to give urine concentrations of 1,000,
500, 250, 125, 100, 50, and 25 mg.%.

Selected solutions were tested with each available
pregnancy kit to determine the minimum conceﬁtration which
caused a positive result. These concentrations are shown

in Table IX.

* Hyland Laboratories, Costa Mesa, California
as Armour Pharmaceutical Company, Chicago, Illinois

**¥* Mann Research Laboratories, New York, New York
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Results

The direct agglutination (DAP) and hemagglutination
inhibition tests (UCG, Accuspheres, and Pretel) show no
significant false positive results due to protein in the
specimens tested, although Pretel was influenced by large
amocunts of glycoprotein.

The slide tests as a group show a highly significant
(x° = 10.8, p = .0l) protein effect in the urines tested,
and this is supported by proteir addition experiments.

When pure preotein fractions were added to urine, it
was noticed that far higher concentrations were required
to produce positive test results than the naturally oc-
curring protein concentration in the first experiment
would indicate. This led to speculation that either a
synergistic effect between different proteins was operat-
ing, or there was some other unknown factor present.

An experiment to ascertain presence or absence of a
synergistic effect was performed. Aligquots of protein
fractions containing 30 ng.% ﬁere combined using equal
amounts of globulin, glycoprotein, and albumin. The ratios
were then varied to 2:1:1, 1:2:1, 1:1:2 respectively.
When none of these had any effect, concentration of the
aliquots was changed to 100 mg.% with the same negative
results. It was noted that this concentration of glyco-

protein should have produced agglutination by itself, but

none was observed.
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Chloride
Procedure

The previous experiments showed that some factors
other than protein must be influencing the results of
the pregnancy tests. The possibility that ionic strength
may be a factor was tested. The chloride ion content was
determined using a Cotlove Buchler direct reading Chlorido=-
meter. Only ten of the previously tested urines were
available.
Results

The results of these determinations are included in
Table VIII. An analysis of the chloride effect on the
pregnancy test result using low and high concentration
with the boundary at 30 mEq., gives a Chi square of 4,5
which is significant (p = 0.05). If the chloride is
classed as low, moderate, and high, with boundaries at
30 and 100 mEg., Chi square is 5.26, which is almost
significant. |
Drugs

Abuse Drugs

~Procedure

Certain tranquilizers and antidepressants can cause
false positive results with both immunological and bio-
logical pregnancy tests (97, 96). In spite of the
variety of drugs investigated, no data concerning some
of the common abuse drugs used by young adults today has

been recorded,
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Twenty five urine specimens known to contain one
or more of the common abuse drugs were selected from
those submitted by non pregnant participants in the
Methadone Blockade Treatment Program of the Alcohol and
brug Section of the State of Oregon.

Identification of the drugs vpresent was perforned
by the Toxicology Section of the Chemistry Division, us-
ing the extraction method and thin layer chromatography.

The specimens were tested with the available preg-
nancy test kits, using methods recommended by the manu-
facturers., :

Results

The results are shown in Table X.

The presence of 12 false positive results in the 64
latex slide agglutination inhibition tests ié highly
significant. All three tests in this group were equally
affected. Among hemagglutination inhibition tests, UCG
and Accuspheres appear slightly better than Pretel.

Methadone contributes almost all the false positive
results. The number of false positive results in the
urines with a combination of other drugs witﬁ Methadone,
showed no significant difference from that expected as a
result of the drug acting alone. Morphine did cause one
false positive result, but other factors noct tested may
be responsible for this isolated abnormal result.
Salicylates

Urines containing other drugs found in clirical
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situations were also tested with vregnancy test kits
available. These included seven patients taking thera-
peutic doses of salicylates. A significant number (8/42)
of false positive results were found. Four volunteers
took the frequently recommended dose of 10 gr, ;spirin
every four hours, and brought first morning urine speci-
mens the following day. This group has a significantly
smaller number of false positive results., (X2 = 5, which
is significant p = .05)., Urine salicylate concentrations
were found torbe lower in the therapeutic group than those
in the group taking aspirin for one day only.
Antineoplastic Drugs

Because of a report of a false positive pregnancy
test result from Cytoxan (85), related drugs were investi-~
gated. 5Six urine specimens were collected from patients
attending the Hematology Clinic who. were known to be talk-
ing one of these drugs. The results are also included
in Table X.

Miscellaneous Drugs

Urines from patients taking barbiturates, contra-
ceptifes, and tranquilizers were included in very small
numbers to indicatelwhether any of theée drugs might be
contributing to false positive results.

Table X includes the results of tests on all the
drugs studied.

Other Factors Affecting Test Systens

Technical facility can influence the choice of test
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when other factors are similar. The worker subjectively
ranked the tests on the ease of performance, and on
clarity of end point. Because all tests are easy to per-~
form, there is no great variation in the ranks on this
criterion. UCG, requires an extra dilution prior to
testing, which is the reason for its low rank. Additional
factors such as cost and reduction or elimination of spe=
cial glassware which must be cleaned and maintained were
also considered. When evaluating time required for test-
ing, large numbers of tests being performed make the tube
test more economical. When very few tests are required,
the slide test provides more rapid results. Ranking with
regard to time was done according to total time required
from setting up the test to reading the final results,
with the test requiring the least time receiving the high-
est score.

Results are shown in Table XI.
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RESULTS

Tables I1II, III, and IV all relate to the stability of the
stored specimen., Table II documénts the previously inferred as-
sumption that albumin has no effect on the specimen from a preg-
nant patient. The effect of bacteria on the stability of the hor-
mone-containing specimen is shown in Table III. One hundred
thousand organisms per ml. did produce a rise in titer. This
differs slightly from the findings of Fine, et al. (85} who sug-
gested that only a slight effect was seen with 2 % lO? organisms.
It also supports the mahufacturers' caution that_gressly contam=-
inated specimens should be rejected when testing for pregnancy,
but differs in that visually clear specimens containing 100,000
organisms per ml. were shown to have an effect upon thne titer dur-
ing storage. The common practice of storing specimens in the re-
frigeralor to reduce bacterizl growth has begen shown to be value-
less with respect to specimen storage for pregnancy testing. Table
IV also shows that some urines are stable irrespective of how they
have been stored, while in some urines, there is a deterioration
which is only retarded by freezing at ~20°C. The cause of this
deterioration is not known.

Tables V, VI, VII, VIII, IX, and X deal with factors affect-
ing the test systems. The sbecific results of each factor is
stated in its own section.

During this study, two tests were being modified, and because
the earlier lots were experimental and will not be commercially
available, they were not irecluded in the final anzlysis.

To evaluate the results, Xendall's Coefficient of Concordance
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(92) was used. For each factor, the tests were ranked with the
lower percentape of false positive results given the higher rank.
The numerical value of rank was assipned as the score for that
test. When two tests proved equal, the ranks were averaged for
the assigned value, Table XII presents these results. |

For the four evaluations in which results for all tests are

available, the coefficient of concordance, W, (0.724) is signi-
ficant, (p = 0.01) showing that each method of evaluation has ap~
plied similar ranks to.the tests. The pooled ranking, therefore,
can serve as a legitimate "standard" for evaluation. The tests
ranked in the following order: UCG; Pregnosticon Accuspheresj
DAP; Pretel; Gravindex and Planotest Dri-Slide; and HCG., The
remaining factors could not be analyzed because of missing values.
However, the tube tests do appear better than the slide agglu-
tination tests,

A critique of the individual tests follows: -

vcaG

Advantages:

1. Because of the dilution of specimens to measure 1.0 I.U./ml,
of HCG, if they are used undiluted, measurement to a level
of 0.3 I.U./ml., is easily accomplished when this is de-
eirable. (Although cross reaction with LH makes this
sensitivity undesirable for routine testing, when abnor-
mal pregrancy is suspected, or treatment for chorio-
carcinoma is being followed, this may be highly desirable.

2., Use of a control tube allows detection of non-specific
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agglutination of RBC which could give falsé negative re=-
sults.

Disadvantages:

1 Priof dilution requires an extra operation.,

2. Separate test tubes must be purchased when the larger
kits are used.

3. Separate measuring pipettes are needed.

Pregnosticon Accuspheres
Advantages:
l. Premeasured lyophilized reagents are contained in the test
unit. All that is needed is additioﬁ of urine and water.
2. The end point is very easily seen in the mirror of a well
designed rack.
3. A ring, indicating a positive test, may usually be seen
within one hour. Only negative tests usually require the
two hour time.
L., Tests do not change if left longer than allotted time.
5. Appears more sensitive than routine UCG procedure.
Disadvantages:

1. Measuring pipettes are needed,
Pretel
Advantages:

L lNo extra glassware is needed for this test.

2. Measured lyophilized reagents are contained in the test
unit,

3. The end point, while not so easy to read as either UCG or

Accuspheres, is readily seen in good light.
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4, The test may be read in one hour.

5. Reagents may be stored at room temperature.

Disadvantages:

1., The test must be read at one hour. Rings appearing later

are not to be interpreted as positive results.,
DAP
Advantages:

l. As a direct test, there is only one step required, which
gives this test the shortest time requirement.

2. A control of uncoated latex particles prevent reporting
false positive resﬁlts due to non-specific agglutination
of latex particles.

Disadvantages:

e lThe agglutination is difficult to read, it is finer than
the others.

2. Many results are reported as equivocal due to agglutination
in both control and test.

3. The possibility of false negative results due to non-speci-
fic interference with agglutination remains.

HCG and Gravindex
Advantages:

l. Agglutination is usually easy to read. (Some equivocal
results are still difficult, however.)

2. Rapid results are possible.

Disadvantages:
1., Latex agglutination inhibition tests produce more false

positive results than tube tests.



42

2. Sensitivity is hipgher than that of hemagglutination tests,
Planotest Dri-Siide
Advantages:
1. All reagents are on a disposable slide.
2. Only two minutes and a half are reguired.
Disadvantages:
1. 8lick slide surface interferes with good mixing of urine
and antiserum.
2. It is easy to confuse reagents wasting not only the total
test but if nof recognized also an invalid result.
5. The agglutination is difficult to read.
The reproducability of all tests is remarkable. Of the hun-
dreds of tests performed, there were only three instances in which
results were not found to be reproducible. This is supported by

over five years experience in the c¢linical laboratory.
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DISCUSSION

It is undesirable to perform surgery to remove a pregnancy
in & non pregnant patient; yet unfortunately, this has occurred.
One contributing factor is the unreliability of pregnancy tests
in those critical instances where the diagnosis of prepnancy can-
not be made on clinical grounds.

This thesis appears to be ‘the first study to evaluate the
presently available immunological pregnancy tests in this re-
spect, and to determine what should be the most appropriate pro-
cedure for the routine clinical laboratory. Only one study (85)
has been found which investigates several of the commonly occur-
ring factors which influence pregnancy tests. It only compared
two immunélogical tests.

The most common interfering factor is urinary protein.
Hogan and Price (93) discussed this and found that 75% of 36
urine specimens containing 0.4 gm./ 100 ml. or greater of protein
gave false posi{ive reactions by the latex slide test (Gravindex).
No false positive results were obtained with the UCG hemaszlutin-~
ation inhibition tests in the presence of urine protein concentra-
tions as high as 3.6 gm./1C0 ml. This supports Fine, et al. (85)
who found two false positive Gravindex tests in specimens from two
males, containing 3+ and %+ proteins. Godts and lMighorst (94)
found albuminuria to be a significant cause of false positive re-
actions. They differed, however, in stating that these reactions
did not depend on the concentration of protein.

The addition of serum fractions in this study snowed that a

higher concentration of vrotein had to be added to produce false
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positive results than was present in patients' specimens contain-
ing protein. This phenomenon was also observed by others (85,

9%, 99) ., amd =211 agreed that the minimum concentrations of albu-
min needed wes 1.2 gm./ 100 ml. and of globulin, 0.6 gm./ 100 ml.
Bell (95) investigated glycoprotein and found thazt 250 wmg.;/ 100 mi.
were needed to produce positive results. The vercentape of false
positive results is correlated with the amount of protein present.
Since the Thalidomide tragedy of 1960-1962, drugs taken by
pregnant women have been studied more closely. Drugs used in
psychiatric disorders have been known to interfere with biologi-
cal tests for over a decade. Phenothiazine, for example, gave up
to 75% false positive results. Marks and Shackecloth (96) inves-
tiggted the effects of tranguillizers on three commercial tests
hoping the immunological test system would be less affected. They
studied 158 non pregnant patients taking tranguillizers. The in-
cidence of false positive results for Gravindex was 2.5%, for Preg-
nosticon, 5%, and only one false positive result was found with
Prepuerin. Ravel, et al. (97), four years later, studied six
tests from four different commercial companies. Seventy eight pa-
tients were tested. HCG consistently gave false positive results
which were not dose related. Pregslide gave two false positive re-
sults, and Hatatel, one. UCG, Gravindex, =znd DAP did not produce
any. The urine specimens were devoid of protein. Fine, et al.(85)
however, found it was impossible to incriminate the chenothiazines
in his study using Gravindex and UCG. After the study, four false
positive results were encountered with Gravindex. Three were in

men with suspected choriocarcinoma, and one in a woman who had re-
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ceived Librium. This study confirmed that some drugs can cause
false positive results, and is the first study to mention Metha-
cdone. One commercial manufacturer, as a result of this, is now
notifying physicians of this fact. Althoush salicylates have been
incriminated, and mentioned by commercial manufacturers,-this ap-
pears to be based on unpublished data. This study does document
the effect.

That low chloride content is positively correlated with in-
creased false positive results has also been shown by this study.
The effect does not appear to have been discussed previously, in
connection with pregnancy test systems, even though the effect of
low ionic concentration on agglutination reactions is well docu-
mented.

Bacteria in urine can produce an increase in substances im-
munologically reacting as HCG in uring Specimens, which could
lead to faise positive results in a sensitive test system. fMne,
et al. (85) supports this with one doubtful éravindex test found
in a urine specimen containing 3 x 107 Pseudomonas organisms. The
manufacturers, aware of this, recommend that grossly contaminated
specimens should not be tested. Because of the possible change
in titer on storage shown in this study, it is recommended that
urine should be tested within a Ffew hours of voiding.

Singer and Campbell (98) have shown the dissociation of anti-
gen-antibody complexes at pH 3.5 using bovine serum aldumin and
antiserum to that protein. Fine, et 2l. (85) also showed that pH
5.5 was responsible for erroneous results, and that pl in excess

of 9.0 similarly interfered with proper recctions. This study
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shows that false results can occur with some tests at the extremes
of the physiological range in urine, Correcting specimen pH to
fall within the range of pHVS.S to 7.0 can eliminate this source
of error. This simple procedure should be incorporated into =
routine testing procedure.

Evaporation from slide tests as a cause of false agglutina-
tion is well known in immunohem&tology and serology. No study,
however, has been found to record this a5 a cause of erroneocus re-
sults in pregnancy testing. In laboratories which are not temper-
ature controlled, this problem should be considered in the selec-
tion of a testing system, and slide tests avoided in hot weather.

This study showed that hemagrlutination inhibition tests hagd
less false positive results than d&id the slide inhibition tests.
Fine, et al. (85), however, quoted no false positive results for
Uravindex, and 10 false positive results for UCG. The 10 false
positive results were divided into two groups. Four occurred in
women 47 to 55 years of age. All of these had doubtful test re-
sults with 1:3 dilutions of urine, which became positive when un-
diluted urine was used. This was postulated to be the result of
Cross reaction with pituitary gonadotrophin. The UCG test is not
intended to be used with undiluted urine in routine testing. This
evaluation, therefore, is guestionable. In the second group of
§ix patients 12 to 25 years of age, amenorrhkea was present in all.
Three vatients admitted to abnormal uterine bleeding following the
pregnency tests. The 1:3 urine dilution gave positive results in
three of these patients, and doubtful results in the other three.

All gave positive results with undiluted urine. Since the possi-
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bility of early pregnancy cannot be excluded, and the presence of
substances which are known fo produce false positive results was
not commented uonon, the validity of this observation is also
guestionable. Subsequent to this study, these workers revorted
seven false positive results with Gravindex.

The clinician often faces the problem of diagnosing pregnan-
¢y at an early date. It is important, therefore, to know which
of the available test systems should be used to do this. The sen-
sitivity of the commercial tests was found to be perfectly cor-
related with early diagnosis of pregnancy. The sensitivities de-
termined generally support the claims of the manufacturers. A
physician wishing to diagnose pregnancy early should use either
Pregnosticon Accuspheres, or UCG testing undiluted urine. If this
latter procedure is followed, the diagnosis should not be defin-
itely stated until the 1:3% dilution also becomes positive. The
first morning specimen, because it is more concentrated than later
specimens, should be used when maximun sensitivity is needed.

The laboratory wishing to select the best test available
needs to know the sensitivity, accuracy and precision, the clini~
cal correlation, and the factors causing errors for each test.
This study has shown the relative and actual sensitivities of the
tests and that the hemagslutination inhibition tests are vreferable.
Accuracy and clinical correlation have been discussed in numerous
large clinical studies, again with hemagglutination inhibition
tests appearing superior to the slide tests. The actual pvercent-
age of accuracy stated varies with the population sampled. The

ranking method used in this study cannot assign a numerical value
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to the accuracy but does indicate which of the tests is more ac-
curate with respect to factors known to cause errors. Again, the
hemagglutination inhibition tests are superior. The remarkable
precision of the whole group of immunological tests eliminates
this as a differentiating criterion. The effect of known inter-
fering substances was also shown to be least in hemagglutination
inhibition tests, with UCG and Accuspheres slightly better than
Pretel, as they were in the protein studies. The two new inter-
fering substances, the drug Methadone, and the low chloride ef-
fect, were also shown to have less effect on the hemagglutination
inhibition_systems.

The current recommended protocol for a routine cliniczl lab-
oratory to detect early pregnancy with least error includes a few
new recommendations. A first morning specimen, corrected for oH
if the value lies outside the range of pH 5.5 to 7.0, should be
tested within a few hours of voiding using e%ther Pregnosticon
Accuspheres or UCG. If undiluted urine is used with the latter
test, presnancy should not be assumed as definitive until a 15

dilution of the patient's urine gives a positive result.
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SUMMARY

Seven commercial immunological tests were studied. DAP was
the sole member of the direct agglutination slide type. UcaG,
Pregnosticon Accuspheres, and Pretel were all members of tﬁe hemag-
glutination inhibition tests performed in tubes, and Gravindex,
Planotest Dri-Slide, and HCG were the three tests in the latex
inhibition tests. ’

A pool of urine from pregnant patients, and a control pool
from non-pregnant patients were used to provide aliquots to study
the stability of HCG containing specimens.

Differing amounts of albumin were added to aliguots. Final
concentrations of 100,000 organisms per ml, were produced by add-
ing E. coli or Staphylococci to aliquots. Samples of these and
the controls were then stored at 4° C. and at room temperature,

HCG titers were then determined at intervals during periods of up
to eleven days.

These studies show that albumin has no effect on the stability
of HCG in urine. Bacteria were shown to increase the content of
some material which reacts in the test systems similar to HCG. It
was also found that some urines were stable irfespective of the
témperature at which they were stored, while others do deteriorate.
The cause of this is unknown;

The sensitivity of each commercial test was determined and
found to be: Accuspheres and UCG - 1-1.5; Pretel -« 1.5-2; DAP and
VPlanotest ~ 3-4; Gravindex and HCG - 4 I.U./ml. This was shown
to correlate perfectly with the period from the first day ofwthe

last menstrual period on which the test became positive in four
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patients who provided daily specimens throughout early pPregnancy.

The factors which could cause false positive results were
evaluated. Twenty three urines submitted to the routine laboratory
from males, children, or women over 60 years of age all containing
protein as determined by combistix, were tested with each of the
commercial tests. The tests were ranked in order of the fewest
false positive results as shown; UCG, DAP, Pregnosticon Accuspheres,
Pretel, Gravindex, Planotest Dri-Slide and HCG.

Differing amounts of the serum protein fractions, albumin,
gamma globulin, and glycoprotein were added to aliquots of a HCG
free urine pool to determine the lowest concentration of added pro-
tein to cause a false positive result. Albumin at 1,250 mgms.%
caused false positive results with Gravindex, HCG and Planotest.
Glycoprotein at 50 mgs.% caused false positive results with HCG,
while 250 mgs.% were needed for Pretel, Gravindex and_?lanotest.
One hundred twenty five mgs.% of globulin was needed to produce
false results in HCG and Gravindex. DNo false positive results were
produced by Accuspheres, UCG or DAP at the highest concentrations
tested, namely albumin 1250 mgs.%, glycoprotein 1000 mgs.% and
globulin 1650 mgs.%.

Each test was shown to be affected at the extremes of the
physiological pH range, but not with the optimum range for these
tests, namely 5.5 to 7.

The chloride ion concentration was determined on 10 of the
patient specimens used in the proteinuria study. It was shown that
there is a significan! correlation between low chloride ion con-

centrations and a higher incidence of false positives.
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Twenty five urines from patients on the Methadone Blockade
Program, known to contain abuse drugs, were tested with each of
the commercial tests and of the 19 containing Methadone, Plano=-
test had 6 false positive results, Gravindex had three, and Pre-
tel had one. HCG showed 2 false positives in 13 of these urines.
The other tests, Accuspheres, UCG, and DAP had none.

In the study with urines containing therapeutic drugs,
salicylates were associated with false positive results in the
tests Pretel, Accuspheres, énd Planotest. False positive results
were found with alkeran in the tests Gravindex and Planotest, and
with the drug desimpramine, a false positive was seen in Pretel.
The other drugs, cytoxan, barbiturates and Elavil were associated
with false positive results only in the Planotest. Caution should
be used in interpreting the effects of drugs since association only
is shown and a causitive effect not definitively proved.

The ranking of the tests in the order UCG, Pregnosticon
Accuspheres, DAP, Pretel, Gravindex and Planotest Dri-Slide, and
finally HCG for both accuracy and sensitivity is supported by

statistical analysis.
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