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'weight-consciousness' is now so general a characteristic of
Ibe more sophisticated sections of the population tbat self
imposed dietary restriction has become habitual to a large
number of women whose food intake would be considerably
greater if they allowed themselves to eat 10 appetite. Present
day figures for the weight gain of Western women can
tberefore be expected to be lower than those of, say, 20
years ago, even when dietary restriction during pregnancy is
not specifically advised. The higher values characteristic of
unrestrained eaters nevertheless more truly represent the
nalural weight gain of well-fed women.

SUMMARY

The literature on weight gain during pregnancy available in
Soulh Africa was reviewed with the object of establishing
whether differences in the average weight gain of groups of
pregnant women could be correlated with differences in
dietary intake. It was found that average weight gains varying
from 31 lb. to less than 20 lb. could be graded according to
whether food intake was liberal and supplemented, unrestric
led, moderately restricted, or severely restricted.

The figure of 24 lb. put forward by Chesley as the average
total weighl gain of healthy pregnant women wa found to be
incorrect and tatistically inadmi able.

It i suggested that a compari on of the average weighl
gains of different populations might erve as a u eful poinler
to differences in nutritional status.
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PREGNANCY DIAGNOSIS - HAEMAGGLUTINATION INHIBITION METHOD
(pREPUERIN) COMPARED WITH THE XENOPUS LAEVIS TEST

W. M. POLITZER. M.D., South African Institute for Medical Research, Johannesburg

investigated more than 1,000 cases, giving the following
results:

At the time of testing the II subjects who gave incorrect
negative results were less than 14 days overdue in their
menses. When reinvestigated 7 - 10 days later all I1 gave
positive results.

The disadvantages are that the frogs have to be accom
modated in a thermostatically controlled room with a suf
ficient number of tanks to avoid overcrowding.
After injections the frogs should rest for at least 4 weeks
before being re-used, thus necessitating a large colony of
frogs as well as staff to maintain them. The life-span of
the female frog used for this purpose is 5 - 6 years and the
mortality rate is increased by 'red legs' (a septicaemic
disease caused by Bacillus hydrophilum-fuscus) and occa
sionally a fungus infection.

In this laboratory it has been found that positive results
may be obtained approximately 14 days after the first
missed period. On rare occasions it has been necessary to
resort to the Aschheim-Zondek" test, which may give a
positive result at a slightly earlier stage of pregnancy. When
using the rat test, observing hyperaemia of the ovaries,
pregnancy could be detected 24 days after the last men
strual period.3

While the adopted methods for the detection of HCG
in urine for the last half century were based on biological
procedures, inevitably new methods would be introduced
representing a complete departure replacing the use of
laboratory animals.

With the recent introduction of immunological tests for
pregnancy, it was felt desirable to conduct comparative stu-

The human placenta secretes a gonadotrophic hormone
which has luteotrophic and luteinizing activity.' Increased
excretion of human chorionic gonadotrophin (BCG) in
the urine forms the basis of all recognized laboratory
pregnancy tests.

The Xenopus laevis pregnancy test'· has been carried out
by this Institute for ]4 years. The frog ovulates when in
jected with a urine extract containing 3,000 IV /1. as a
mmunum concentration,2 which, according to some
authors,3 may be reached 24 - 30 days after conception.
Edward' found that at about 6 weeks after the last men
strual period the urinary level of HCG may be 5,000
IV / 24 hours. Peak excretion (up to 500,000 IV / 24 hours)
occurs during 7 - 13 weeks after the last menstrual period
and seldom lasts longer than 10 days. For the remainder
of pregnancy the level ranges between 4,000 and 11,000
IU / 24 hours. In late pregnancy values of 2,000 IU / 24
hours may be encountered, and in such cases the Xenopus
laevis test becomes negative. Following delivery, human
chorionic gonadotrophin normally disappears and is absent
from th.e urine after I week.1 If intra-uterine death has
occurred the test may give a false positive result for a few
days or even weeks.1 In ectopic pregnancy fewer eggs are
extruded.;

A hydatidiform mole produces vast amounts of HCG,
which are excreted for longer than the 10-day peak,' and
when choriocarcinoma exists after the expulsion of a
mole or termination of a normal pregnancy, persistent high
values are encountered.' If either of these conditions is
suspected the concentrated urine is subjected to the same
treatment as that for a pregnancy test, while I: 10 and
I : 20 dilutions are injected directly into the frogs. Positive
results in the dilutions usually point to the presence of a
growth.

It is important to mention the accuracy of the Xenopus
laevis test; for example Weisman and Coates' over 5 years

Correct positive results
Correct negative results
Incorrect positive results
Incorrect negative results
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dies to determine the accuracy of the new methods placed
at our disposal. For the purpose of this study the one-stage
haemagglutination inhibition (HI) test was selected. The
principal reaction of the HI test is also the detection of
HCG in pregnancy urine, determined by means of an
antigen-antibody reaction. In the HI method the antigen
HCG is adsorbed on to the surface of sheep erythrocytes.
These treated cells will then behave as the specific antigen
and are therefore agglutinated by the corresponding anti
body. The agglutination pattern appears as a uniform,
opaque, diffuse sediment at the bottom of the glass tube.
If the antigen is present in the urine this will combine
with the antibody and inhibit agglutination. The red cells
then appear as a reddish-brown ring in the centre of the
bottom of the tube.

MATERIALS AND METHODS

One hundred and seven specimens of urine submitted to
this Institute for the pregnancy test were used in this trial.
On each specimen the Xenopus laevis test and the HI test
('prepuerin') were carried out in parallel.

1. The precipitation method used for the Xenopus laevis
test was that described by Scott.' Each of 4 frogs were in
jected with 2·5 ml. of extract corresponding to 50 ml. of
urine instead of 25 rnI. of urine, thereby increasing the
sensitivity of the test. Ova extrusion occurred in 4 - 17
hours; however, observation continued for a total of 48
hours to ensure that delayed ova extrusion was not missed.

2. The HI test system consisted of a test and control
suspension:

(a) Test suspension: Formalin-preserved sheep erythro
cytes sensitized with HCG. When agglutinated by rabbit
anti-HCG a completely agglutinated pattern develops
when the suspension is added to a simple diluent.

(b) Control suspension: Formalin-preserved sheep ery
throcytes stabilized in normal rabbit serum but not sen
sitized with HCG.

The system must not be used to identify HCG in serum
or body fluids other than urine.

Both suspensions are supplied in a freeze-dried form in
3·5 m!' bottles and are stable for at least 12 months in this
state at 2 - lO°e. For use it is essential to reconstitute in
isotonic buffer by the addition of 3·5 mt of borate buffer
saline and not in distilled water. The reconstituted material
is stable for one week at 0 - 4°e.

A buffer pH 8·2 - 8·3 is necessary and comprises 3·0 G.
of crystalline borax (Na,B..O,.lOH,O); 4·4 G. of boric acid
(H3B03) and 7·6 G. of sodium chloride (NaCl) made up in
1 I. of distilled water. The three compounds are available in
tablet form and are made up to volume using 1 tablet for
each 20 rnI. required, the tablet being dissolved in distilled
water.

The method was as follows: Early-morning specimens
of ume were centrifuged and from the supernatant 1: 5,
1 : 10 and 1 : 20 dilutions were made with the buffer.

1: 5 = 0·5 rnI. supematant+2 rnI. buffer.
1 : 10 = 0·5 rnI. supematant+4'5 rnI. buffer.
1 : 20 = 0·5 ml. supernatant+9'5 rnI. buffer.

Of each dilution, 1 rnI. was pipetted into 3 different

tubes, preparing simultaneously a parallel series. The tubes
were 3XO·5 inches with round bottom. It is important that
there should be no flaws since they may interfere with the
formation of the pattern. To all tubes in the first series
0·1 ml. of test suspension was added and to the second
series 0·1 rnI. of control suspension was added.

In addition, with each group of tests. two tubes each
containing 1 rnI. of buffer only were included as reagent
controls to which 0·1 rnI. of test and control suspension
were added respectively. After gentle shaking the tubes
were set up in a test tube rack.

For the purpose of this trial a special rack was designed,
fitted with an adjustable mirror to facilitate reading the
results without disturbing the precipitate formed (Fig. 1).

The tubes were left standing at room temperature (in
cold, unheated rooms false agglutination may occur owing
to cold agglutinins in the urine), undisturbed by draughts
and vibration and not exposed to sunlight. A convenient
time for setting up of the test was found to be 2 p.m. so
that results could be read early next morning. It was found
that positive results in some cases could be read after 4
hours; but before deciding on a negative result, it was felt
advisable to wait until the following morning.

Ail glass-ware used for this test had to be prepared
in accordance with accepted principles as used in any hae
matological studies. Glass tubes should be cleaned with a
brush and distilled water. No detergents or cleaning -agents
should be used other than 2% sodium hydroxide followed
by 2% hydrochloric acid and thorough washing in distilled
water.

Reading of Tests
Interpretation of the agglutination patterns is illustrated

as follows:
(a) Non-pregnant. Complete agglutination in all dilu

tions of test suspension with inhibition of agglutination in
all controls.

(b) Pregnant. If the test suspension is treated with urine
containing HCG in sufficient concentration, agglutination
is inhibited and a pattern develops comparable with that
of the unsensitized control suspension. Inhibition of agglu
tination in test suspensions may occur in all 3 dilutions.
This is the most frequently encountered pattern. Inhibition
at 1:10 and/or 1: 5 dilutions would indicate reduced HCG
levels. The result would be recorded accordingly. Inhibi
tion of agglutination will always occur in all controls.

(c) Pregnant. Occasionally complete agglutination oc
curs in test and control in the 1 : 5 dilution with inhibition
of the 1 : 10 and 1 : 20 dilutions of test and control suspen
sions indicating pregnancy with non-specific agglutination
at the 1: 5 level (Fig. 2).

RESULTS

The results are shown in Table I.

In the 14 cases where discrepant results were obtained
follow-up studies were conducted in order to determine the
accuracy of the two tests. Of 13 giving negative Xenopus
laevis test results one patient died of malignant hyperten
sion and uraemia 2 weeks after the specimen of urine was
collected. Examination per vaginam excluded pregnancy (a
postmortem examination was not performed).
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Fig. 1. Special rack for test and control suspensions.

Typical results Not pregnant Pregnant Pregnant

Urine dilution Test Control Test Control Test Control

1 :5

1:10

1:20

Reagent controls

Complete
agglutination

No agglutination
at1:5and1:10
Agglutination
at 1:20

Non-specific
agglutination at 1:5
No agglutination
at 1:10 and 1:20

Fig. 2. Typical haemagglutination pattern~.
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TABLE I. COMPARISON OF RESULTS OF XENOPUS LAEVtS TEST
WITH HAEMAGGLUTINATIO INHlBITIO TEST

98%
98%

HI test

Positive
Negative

Xenopus laevis test

Correct pOSItive 85%
Correct negative 100%

SUMMARY

It would appear that the HI method is at least a ac
curate as the Xenopus laevis test. The advantage and dis
advantages of the two methods are outlined in the text.

The paper deals with a comparative study of 107 specimens
of urine submitted for the routine X enop/ls laevis test at
this Institute. The haemagglutination inhibition (HO test
was carried out in parallel. The accuracy obtained was as
follows:

appear, therefore, that the HI test is specific for HCG.
The criteria for the acceptance of an alternative method

for the detection of HCG must be a test at least as accurate
and sensitive as the Xenopus laevis test and it should be of
value in cases of hydatidiform mole, choriocarcinoma,
some malignant tumours of the testis, as well as in preg
nancy. Progressively diminishing excretion rates of HCG
have been reported in cases of ectopic pregnancy.9 Three
dilutions - as done in this series - may a i t in making
a diagnosis (Table 11).

An extremely important observation made was the ability
of the HI test to determine early pregnancy at a time at
which the HCG level in the urine was less than 3,000 IU /1.
Three cases fell into this category, giving in each case a
positive result at a titre of I : 5 only.

As already mentioned, peak HCG levels are reached at
7 - 13 weeks, and levels as high as 500,000 1U /24 hours
have been recorded. These levels dwindle to the point where
again less than 3,000 IU / I. may be excreted. Five cases in
this study which gave negative results with the Xenopus
laevis test and positive results with the HI test were proved
pregnancies between 16 and 20 weeks.

The HI test, being more sensitive, might be an aid to the
early diagnosis of choriocarcinoma and hydatidiform
mole, for by making further dilutions the system might be
adapted so as to give a quantitative estimate of HCG
levels.

The presence of non-specific agglutinins in a urine speci
men can result in the production of an agglutination pat
tern at the I : 5 level in which case agglutination will also
occur in the control tube (Fig. 2). Two specimens in this
trial produced such a pattern; one of these showed agglu
tination at the I: 5 and I: IQ levels, but in both cases a
positive result was recorded since inhibition of agglutina
tion was observed in the higher dilutions of test and con
trol suspensions. It will therefore be understood that pre
paration of adequate controls is of vital importance.

Apart from the above-mentioned results all other tests
were observed to give positive patterns in all 3 dilutions.

Specificity in pregnancy testing is a prerequisite; depen
dability must be near to 100/"0, and with the new system
used in this trial, which includes adequate controls, it
would seem that false results are improbable. Medico-Iegal
aspects and possible repercussions arising from the use of
a not too satisfactory method require the closest examina
tion and consideration.

53

HI test

98%

98%

13

Positive Negative

40

Patient's condition

Presented as ? appendicitis.
Laparotomy showed ectopic
pregnancy
Urine collected in the morn
ing. Patient aborted same
afternoon
Amenorrhoea for 10 days.
Patient aborted 2 days after
urine was collected
Amenorrhoea 7 weeks. Abdo
minal pain when urine sub
mitted. Aborted 3 weeks later
Bleeding p.v. and shedding
cysts for 3 weeks when urine
was collected

Xenopus laevis test Haemagglutination inlribition
results ust results

HI result
Dilutions

'/. '/,, '/",

+ +

+

+

+ + +

+ + +

TABLE U. VALUE OF HI TEST IN DIAGNOSIS

Xenopus laevis test

Correct positive 85%
Correct negative 100%

3

5

2

4

umber
of

Patient

specimens Positive Negative
40 40
53 53
13 13
1

Seven cases were subsequently found to be normal preg
nancies. The remaining 5 justify special mention and the
resulIs obtained in 3 dilutions are shown in Table 11.

The final discrepant result giving a positive Xenopus
laevis and negative HI result was found to have been 14
weeks pregnant when the urine was collected. Although
apparently contradictory results were obtained in the cases
listed in Table ll, a close study will show that in actual
fact the results of both tests were correct. The Xenopus
laevis test is less sensitive and will therefore give a negative
finding earlier than the HI test in cases of abortion and a
disintegrating mole. In this laboratory it has been found
that in ectopic pregnancy the Xenopus laevis test often
remains negative.

Thus the accuracy obtained was as follows:

DISCUSSION

In 1963 Fulthorpe et al. conducted a comparison study
utilizing the male toad 8/110 hulo and the HI test. Three
hundred and eighty-eight samples were tested of which
350 results were in complete agreement. A final analysis
of the results in that series showed 98'2% accuracy with
the HI test against 92'8% obtained with the male toad test.
It is important to observe that in their investigation non
pregnant controls totalling 211 were included, and of this
number 54 were of the age group 50 - 59 years whose
pituitary gonadotrophin excretion is increased. It would

3
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THE RETROVERTED UTERUS
AN EVALUATION OF THE MOSCHCOWITZ OPERATION

J. P. THERON. M.B., CH.B. (CAPE TOWN), DIP. O. & G. (RAND), Bloemfontein

In the last gynaecological paper he wrote before his death,
Prof. E. C. Crichton1 stated that formerly a retroversion
of the uterus was regarded as a condition which ..required
active treatment either by operation or pessary, and
continued: 'This unreasonable and evil outlook was
gradually superseded by the view that only those cases in
which symptoms were due to the displacement justified
treatment'. Today gynaecologists agree that operative
treatment for a retroversion of the uterus is very seldom
indicated.

Unfortunately the operation of ventrosuspension is
still being performed far too frequently. The abnormally
situated uterus is only too readily blamed for complaints
of sterility or pelvic symptoms. Patients are often sub
jected to ventrosuspension operations without even a pes
sary test having been carried out. This sorry state of
affairs becomes even more apparent when one considers
how frequently retroversion of the uterus occurs. The aim
of this contribution is to foster a conservative attitude, and
to suggest a more rational and anatomical approach to
the problem in the occasional patient in whom the retro
displacement warrants operation.

RETROVERSION

Incidence
Retroverted uterus is stated to occur in approximately

15 - 20% of women.1•2 Both Stacy3 and Polak' maintained
that 20% of all unmarried women with no history of
previous pelvic infection, tumours or pregnancy have a
congenital retroversion of the uterus. Plass5 examined
I, I03 women on discharging them from hospital after
labour and found 20% to have retroversion. At the final
examination done on 950 of these women, however, 30%
had retrodisplacements. Plass concluded that 10% of
retroversions are therefore acquired as the result of preg
nancy. In quoting Alvarez Bravo, Greenhill6 wrote that,
out of a series of 7,062 gynaecological patients examined
by Bravo, retroversion was found in 18'7%.

By checking the gynaecological case records of 1,000
women in the childbearing age seen in private practice,
197 or 19·7% were found to have retroverted uteri. A
surprising fact, substantiating the work of Plass,5 emerged
when the case records of 500 obstetrical patients were

investigated, and 154 or 30·8 % were found to have retro
version of the uterus at the postnatal examination. This
shows that at the postnatal examination, which is usually
performed 6 weeks after delivery, involution is still incom
plete and that at least one-third of these women will
spontaneously correct the position of their uteri in due
course. Only the very occasional patient in this series had
the uterus manipulated, and a pessary could not have been
inserted in more than a dozen patients.

Aetiology

In discussing the aetiology of retroversion, the usual
causes of acquired retroversion, such as sub-involution of
a puerperal uterus, tumours, chronic pelvic infection or
endometriosis, are readily accepted, but what causes the
congenital type of retroversion where none of the above
mentioned associated conditions are present?

When Van Ravensteyn7 found that no less than 88% of
Indonesian women had retroverted uteri, he tried to ex
plain this high incidence on anthropological grounds.
CurtisS expressed similar views by stating that the ab
dominal and pelvic viscera were designed for a horizontal
position on four limbs rather than an upright position on
two limbs as has occurred with the evolution of man.

In his classical description of the repair of enteroceles,
Read" stated that 'all gynaecologists have observed the
variability of the depth of the pouch of Douglas'. When
attention is given to this at laparotomy, it is remarkable
how many patients with a retroverted uterus have an
exceptionally deep cl/I-de-sac there.

It is generally accepted that the uterus is free to rotate
about a transverse axis through its only fixed supports, the
cardinal ligaments and paracervical tissues.1 The round liga
ments are the theoretical stays of the uterus, but they are
such weak structures, esp..'"Cially after having been· stretched
during pregnancy, that they cannot prevent the bulky, puerperal
uterus from prolapsing into the retroverted position, providing
the necessary space is available. Even in the non-pregnant state
the POSiti{)D of the uterus is liable to considerable variation.
Wi-th -the bladder full, the fundus of the normally situated
uterus is directed towards the sacrum, {)wing mainly to the
laxity of the round ligaments. At laparotomy this has often
been noticed. It is therefore correct that the round ligaments
should be such flaccid structures, and it is difficult to accept
that these two narrow, flat bands, even though they contain


