
Bull. Org. mond. Sante 1966, 34, 423-428Bull. Wid Hiths Org.

Inapplicability of Urinary -Glucuronidase
Determination as a Field Test of Cure

of Urinary Bilharziasis
P. J. FRIPP 1

At present there is no reliable test for use under field conditions for assessing cure in
schistosomal infections. It had previously been found that in such infections the excretion of
fi-glucuronidase in the urine is increased, but a test based on this fact would be impracti-
cable in the field because of the need to collect accurate 24-hour urine samples. An attempt
was therefore made to utilize the difference between the diurnal patterns of ,B-glucuronidase
in the urinefrom infected and non-infectedpersons, by collecting samples twice daily (8 a.m.
and 2 p.m.). However, no significant differences between the two patterns were observed,
presumably because the samples consisted of urines passed into the bladder over varying
lengths of time. It is concluded that the system ofcollection that would be required to permit
the difference in patterns to be observed would be too complex for use in a screening test in
the field.

Previous studies (Fripp, 1960, 1961) have shown
that human urinary bilharziasis is associated with
a raised urinary fi-glucuronidase activity over a
24-hour period, whereas the enzyme titre in patients
suffering from intestinal bilharziasis does not differ
significantly from that for non-infected controls.
Subsequently, the examination of a substantially
larger number of cases of intestinal bilharziasis has
confirmed these conclusions.
Although tests are available for the detection of

infection by Schistosoma haematobium, there is no
rapid test that will indicate whether the patient has
been cured. The marked drop in enzyme activity
that occurs when schistosomicidal drugs are adminis-
tered (Fripp, 1960) suggested a potential test.
However, the collection of accurate 24-hour urine
specimens is impracticable in field screening surveys
and therefore it was decided to utilize the marked
diurnal variation in enzyme production (Fripp,
1961) as an easier alternative, requiring the collection
of two specimens at different times of the day.

MATERALS AND METHODS

Urine collections
Ninety schoolchildren, some of whom were either

undergoing a suppressive regime or had been given
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cure-level doses of sodium antimony dimercapto-
succinate, were studied under field conditions.
Samples of urine were collected from the children
at 8 a.m. and 2 p.m. without previous preparation,
i.e., the children did not empty their bladders at a
given time before the collection, as this would have
been a stipulation impossible to enforce without
supervision. One millilitre of 10% thymol in
benzene was added to each sample as a preservative.
As soon as the samples reached the laboratory, their
,B-glucuronidase concentrations were determined.
The urine samples were also examined for the
presence of S. haematobium eggs. If no eggs were
found at this examination, members of the East
African Institute for Medical Research, Mwanza,
Tanzania, collected further 2 p.m. samples on three
successive days and examined them in the same
way. It was found to be more convenient to collect
the 2 p.m. samples on the day before the 8 a.m.
samples, since it enabled both to be processed on the
same day.

Pi-Glucuronidase determination
The enzyme activity was measured by a slight

modification of the phenolphthalein P-D-glucuronide
method (Talalay, Fishman & Huggins, 1946; Boy-
land, Gasson & Williams, 1957; Fripp, 1961).
The extinction of the free phenolphthalein

developed by the addition of 1.0-M sodium carbon-
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ate was measured at 550 ms& against a water blank
in a Unicam SP 600 spectrophotometer, using
1 cm2 glass cuvettes.

All determinations were made in duplicate and
deionized water was used throughout.

RESULTS

The results were calculated as Fishman units per
ml urine or as Fishman units per sample, where
1 Fishman unit releases 1 ,ug phenolphthalein from
phenolphthalein P-D-glucuronide per hour under
the conditions of the test.
The average urinary P-glucuronidase activity in

8 a.m. and 2 p.m. samples of urine of 37 children
in whose urine no eggs were found in 2 p.m. samples
collected on four successive days was compared with
the average enzyme titre of the corresponding urine
samples of 47 children who were found to be passing
S. haematobium eggs. The averages of the two
groups were calculated as units per ml urine and as

units per sample. A comparison by means of
" Student's " t test revealed a statistical difference
significant at the 5% level between the afternoon
series in which eggs were found and those in which
they were not, when the enzyme activity was con-
sidered in terms of units per ml urine (Table 1).
The results obtained from morning and afternoon

samples from each schoolchild were then grouped

according to the ratios between the two samples
(Tables 2 and 3). The actual P-glucuronidase
activities, when expressed as Fishman units per ml
(Table 2), were divided into high and low activities
at two different arbitrary levels which it was hoped
would indicate the enzyme titre that would best
separate the activity of the 3-glucuronidase into
high and low levels.
The difference between the two groups of subjects

(namely, those with and those without S. haema-
tobium eggs in the urine) was greater when separation
into high and low titres was made at 1.5 Fishman
units than when it was made at 2.0 Fishman units.
No significant differences were found between

the enzyme values in those children still passing
eggs and those in whose urines no eggs were dis-
covered when various groupings of data were
examined with a x2 statistic incorporating Yates's
correction (Table 4).

DISCUSSION

Concomitant studies (Fripp, 1963) showed that
the phenolphthalein method for the estimation of
urinary P-glucuronidase can measure the activity
of the enzyme under standard conditions of tem-
perature, time, substrate concentration, buffer
concentration and pH, and hence it enables reliable
comparative data to be obtained. The enzyme was

TABLE 1
URINARY P-GLUCURONIDASE ACTIVITY IN CHILDREN WITH OR WITHOUT S. HAEMATOBIUM OVA IN URINE

P-Glucuronidase activity (Fishman units) Test of hypothesis

Approx. time Children without eggs in urine Children with eggs in urine thaf two groups are derived
of specimen (37 subjects) (47 subjects)
collection

|Activity | Standard dActivity tandard t Pdeviation Aciiy deviation

Activity in units/ml urine

8 a.m. 3.95 2.18 4.06 2.12 0.23 >0.8

2 p.m. 2.85 1.62 3.85 2.52 2.08 <0.05

Difference -27.9 % -5.2 %

Activity in units/sample urine

8 a.m. 208.9 199.9 155.6 103.2 1.58 >0.10

2 p.m. 144.5 123.9 197.2 190.9 1.45 >0.10

Difference -30.8% +26.7%
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3-GLUCURONIDASE
TABLE 2

ACTIVITIES (FISHMAN UNITSIML URINE) OF 8 A.M. AND 2 P.M. SAMPLES OF URINE

Subjects without eggs in urine Subjects with eggs in urine

Grouping of activity 1.5 units a 2.0 units a 1.5 units a 2.0 units a
NO. % NO. % NO. %NO.of cases of cases A of cases A of cases A

High a.m., high p.m.

(1) Higher a.m. 10 27.0 8 21.6 18 38.2 10 20.9

(2) Higher p.m. 13 35.1 11 29.7 21 44.7 16 33.9

(3) No difference 3 8.1 3 8.1 1 2.1 1 2.1

Low a.m., low p.m.

(4) Higher a.m. 4 10.8 5 13.5 0 0 3 6.4

(5) Higher p.m. 0 0 0 0 0 0 2 4.3

(6) No difference 1 2.7 1 2.7 0 0 0 0

(7) Low a.m., high p.m. 3 8.1 4 10.8 2 4.3 4 6.4

(8) High a.m., low p.m. 3 8.1 5 13.5 5 10.5 11 23.3

a Activity arbitrarily divided into "high " and " low" levels above and below this value, respectively.

also shown to be stable under field conditions, which to be used simply as an index of cure, a portable
included high ambient temperatures, for at least electric colorimeter would be sufficiently accurate.
24 hours. The modification of the method of Boyland,
The intensity of colour of the phenolphthalein Gasson & Williams (1957), introduced by Fripp

released by the enzyme was measured by means of a (1961), consists in substituting filtration through a
spectrophotometer, but if the enzyme activity were small filter-paper for centrifuging of the urine

,6-GLUCURONIDASE ACTIVITIES

TABLE 3

(FISHMAN UNITS/SAMPLE URINE) OF 8 A.M. AND 2 P.M. SAMPLES OF URINEa

GopgoatvtSubjects without eggs in urine Subjects with eggs in urine

No. of cases % No. of cases %

High a.m., high p.m.

(1) Higher a.m. 12 32.4 3 6.4

(2) Higher p.m. 4 10.8 12 25.4

(3) No difference 0 0 0 0

Low a.m., low p.m.

(4) Higher a.m. 4 10.8 5 10.6

(5) Higher p.m. 5 13.7 4 8.5

(6). No difference 2 5.4 1 2.1

(7) Low a.m., high p.m. 3 8.1 7 14.9

(8) High a.m., low p.m. 7 18.9 15 31.9

a Activity arbitrarily divided into "high" and "low" levels above and below 100 units/sample, respectively.
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TABLE 4

SIGNIFICANCE OF DIFFERENCES BETWEEN 1-GLUCURONIDASE ACTIVITIES IN MORNING AND AFTERNOON SAMPLES
OF URINE IN RELATION TO INFECTION WITH S. HAEMATOBIUM

A-GIucuronidase activity

Enzyme levels considered Activity in units/ml urine Activity in units/sample urine
to be associated with

S. haematobium infection 1.5 units a 2.0 units a 100 units a

XI' p XI' p X p

Enzyme levels higher In l
afternoon samples (2, 5, 7)b 0.089 >0.70 0.128 >0.70 0.839 >0.30

Enzyme levels " high " in
both morning and afternoon
samples (1, 2, 3) 1.897 >0.10 0.025 >0.80 0.707 >0.30

Enzyme levels " high " in
either morning or afternoon
samples (1, 2, 3, 7, 8) 0.018 >0.90 0.403 >0.50

a Activity arbitrarily divided into " high" and " low " levels at these values.
b Numbers in parentheses refer to the groups in Tables 2 and 3 that were combined to give the categories considered here.

For the results to be highly significant, P<0.05. This degree of correlation was not reached by any of the various combinations of
morning and afternoon titres.

samples before taking 1-ml aliquots for analysis.
This has two advantages. First, it breaks up emul-
sions at the preservative-urine interface which were
previously particularly troublesome after schistoso-
micide therapy. Secondly, it speeds up the prepara-
tion of the samples before their addition to the
buffer and substrate. Moreover, the buffer and
substrate can be mixed and pipetted into the incuba-
tion tubes in advance, since the substrate is stable in
the buffer.
At present there is no diagnostic method for

assessing cure in schistosomal infections. In mild or
suppressed cases, a search for eggs in the urine is
inefficient. Data published by Mackey (1953)
indicate that, in autopsies carried out in Dar-es-
Salaam, Tanzania, 70% of the cases were infected,
whereas the proportion detected by the discovery
of eggs in the urine was only about 15%.

Tests based on immunological reactions, such as
the Cercarien-Iullen Reaktion (CHR), circumoval
precipitin reaction (COP), skin reactions or fluores-
cent antibody tests, still give positive results several
months after the patient has been given a curative
course of treatment, although Sherif (1962) claimed
that urine and miracidial precipitin tests gave
negative results ten weeks after the disappearance of
eggs. These methods have been critically examined
by Kagan & Pellegrino (1961).
A different approach was revealed when Fripp

(1960, 1961) found that patients with S. haema-

tobium infections had higher 24-hour excretion rates
of urinary P-glucuronidase than patients with
S. mansoni infections or without a schistosomal
infection. Moreover, the enzyme activity fell to
normal limits within a few days of the initiation of
treatment. It was therefore possible to devise a
potential test of cure based on these phenomena.
For a screening test to be used in the field, the
accurate collection of 24-hour urine samples would
have required too much supervision and therefore
alternative possibilities were considered. One of
these took advantage of the marked difference in
diurnal variation of urinary 1-glucuronidase between
subjects infected with S. haematobium and those not
infected.

In an earlier communication (Fripp, 1961) it was
noted that a characteristic feature of the diurnal
pattern of urinary /3-glucuronidase output in cases
of urinary bilharsiasis is the high titre obtained in
the afternoon and the low one in the early morning.
This is indicated in Table 1, which shows that the
afternoon urine samples from children who were
passing eggs had higher levels of /3-glucuronidase
activity than the morning samples, and also than the
afternoon samples from children not passing eggs if
the enzyme activities were related to the volume of
the individual urine specimens.
When the /B-glucuronidase activities were con-

sidered as units per ml urine, the previous findings
were not observed. On the contrary, the mean
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values were lower in the afternoon samples than in
the morning samples. However, the reduction in
mean activity was less (5.17 %) in the children
passing eggs than in those not doing so (27.9 .).
The volume of the urine affects the activity of the

enzyme by virtue of the variable concentration of
inhibitors in the urine (Fripp, 1963), and this fact
can be used to help explain the apparent dis-
crepancies between the earlier results and those
presented here.
The average morning volume of the urine of the

infected children (38.4 ml) was less than that of those
not infected (52.9 ml). Therefore, although the
amount of P-glucuronidase per ml in the infected
children was the highest of any group, the inhibition
offered by the urinary constituents was greater, so
that the activity recorded was reduced below the
maximum to a greater extent than in the other
groups. This could possibly have been overcome
either by diluting each sample to a standard volume
or by diluting the sample a given number of times.
Ten times would be adequate in most cases, but the
colour developed by such dilute enzyme solutions
would often be too weak to measure, except with
sensitive instruments.

Similarly, in regard to samples of urine from
infected children, the higher P-glucuronidase levels
in the morning samples could be due to the effect of
the increased concentration of inhibitors, as well as
the increased concentration of enzyme in the more
concentrated urine (average volume 38.4 ml) as
compared with the more dilute afternoon samples.
The average volume of the latter (51.2 ml) was
similar to that of both the morning (52.9 ml) and
afternoon (50.7 ml) samples from the uninfected
children and hence the ,-glucuronidase activities
of these three series of samples are directly com-
parable.

If the morning samples of the infected group had
been diluted before the enzyme activity was esti-
mated, then the effect of the inhibitor would have
been reduced and the 5.17% reduction in activity
between the morning and afternoon samples might
have been reduced or even reversed. It is unlikely
that this procedure would have eliminated the 26.7%
difference observed when these results are considered
on a units-per-sample basis.

If the diurnal variation noted earlier were to be a
valid test of cure, then two criteria would have to
be satisfied:

(1) The combination of low morning and high
afternoon titres must refer to infected cases only.

(2) Non-infected cases must have either of the
following combinations:

(a) high morning and low afternoon titres;
(b) similar titres for both morning and afternoon
samples (arbitrarily set at within 5 %).
From the results obtained and presented here, no

significant difference could be detected between the
uninfected and infected subjects, even when the
results were compared at two different levels of
" high " and " low " values. The highest correlation
was found when it was assumed that, when both
morning and afternoon samples had activities of
above 1.5 units per ml, the urine came from an
infected patient. The x2 test gave a value of 1.897,
which was statistically significant only at the 10%
level; even then, 26 out of the 37 non-infected
subjects gave values within this category.

In the earlier experiments, the urine samples were
collected at regular intervals. Here they were
collected at two different times without an earlier
evacuation of the bladder at a given time before
the collection of the required sample. Excretion of
,B-glucuronidase varies throughout the day and
urine samples consist of urines passed into the
bladder over varying lengths of time. The enzyme
activity, as determined by experiment in aliquots of
each sample, then represents the average amount of
P-glucuronidase activity over the period during
which the sample was being collected in the bladder.

It seems that the urine specimens must be passed
at regular intervals before the diurnal pattern
becomes apparent, otherwise the variation is masked
by the mixing of urines of different ages.

In the field and under the conditions that are
envisaged for a screening scheme, it would be
impossible to ensure that the children's bladders
were emptied at regular intervals before the collec-
tion of the samples, and a more complex system of
collection would defeat the idea of a screening
technique, which, by its very nature, should be
accurate but simple.
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RtSUMt

Aucune methode ne permet actuellement d'affirmer la
guerison de la bilharziose urinaire. La recherche des ceufs
de Schistosoma haematobium est insuffisante dans les cas
benins ou traites; en Tanzanie, 70% des autopsies ont
rev61e une infection alors que des ceufs n'avaient ete
trouves dans les urines que dans environ 15% des cas. Les
reactions immunologiques donnent encore des reponses
positives plusieurs mois apres un traitement efficace.

L'auteur a montr6 dans des etudes prc&6dentes que la
bilharziose urinaire humaine s'accompagne d'une aug-
mentation de I'activite d'une enzyme urinaire, la P-glycu-
ronidase, au cours du nycthemere avec un maximum au
debut de I'apres-midi. Le titre de 1'enzyme ne varie ni
chez des malades souffrant de bilharziose intestinale ni
chez des sujets non infectes. Cet article expose un essai
d'application de cette caracteristique au diagnostic de

guerison de bilharzioses urinaires, dans des conditions
d'enquete sur le terrain. Etant donn6 qu'il n'a pas ete
possible de recueillir avec certitude la totalit6 des urines
de 24 heures, l'auteur a tente de mettre en 6vidence 1'6limi-
nation differente de 1'enzyme chez des sujets infectes et
non infectes en dosant la ,B-glycuronidase dans deux
echantillons d'urines recueillis l'un le matin, l'autre
F'apres-midi. La mdthode de dosage est fidele, mais cette
technique ne permet pas de mettre en evidence, de fagon
significative, des differences entre les r6sultats. Celles-ci
n'apparaitraient qu'avec des dosages effectues sur des
6chantillons plus nombreux recueillis frequemment et a
intervalle regulier. Les deux 6chantillons d'urine preleves
representaient en r6alite un melange d'urines collect6es
dans la vessie A differents moments de la journee, melange
qui masquait les variations de 1'enzyme.
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