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Urine Testing for Isoniazid in the Supervision
of Out-patient Oral Chemotherapy

for Pulmonary Tuberculosis
The Failure of a Routine Service *

D. M. MACFADYEN 1 & JOAN F. HEFFERNAN

Testing urine specimens obtained at surprise visits to the home or at routine clinic
attendance is an established procedure in the supervision ofpatients receiving ambulatory
chemotherapy for pulmonary tuberculosis. A urine test service was set up in 9 East African
centres, involving 37 staff members (most with limited training) who conducted a simple
paper test for isoniazid. Analysis of the results obtained yielded an unbelievably high pro-
portion of positive results, indicating that the testing system, as organized, had been a
failure. Special investigations were therefore carried out into the reasons for this.

Over-reading of test results, incorrect performance ofthe test, and, in I centre, dishonest
recording were found as explanations. Discussing the implications of their findings,
the authors stress the importance of close supervision at all stages of tuberculosis-control
procedures in the field, no matter how simple; and they point out with reference to urine
testing that, even ifa centralized testing system, involving a sensitive test method and quality
control, were to be set up in regional laboratories, adequate supervision at all stages would
be essential.

In a recent study in East Africa (East African/
British Medical Research Council ThirdThiacetazone
Investigation, 1966), 2 months of in-patient treatment
were followed by 10 months of out-patient treatment
with isoniazid plus thioacetazone. One of the
methods used to supervise the out-patients was to
test their urine for isoniazid. However, the results
of the tests were so uniformly positive that it was
evident that the system of urine testing, as organized,
had been a failure. The objects of this paper are
to record the findings and to comment on their
implications.

ORGANIZATION AND CONDUCT OF THE STUDY

In the 10 months of out-patient treatment the
patients, who were under treatment in 9 centres,
were given monthly supplies of tablets containing
isoniazid 300 mg plus thioacetazone 150 mg to be
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taken as a single tablet each day. There were 2 series
of patients-namely, the HV (home-visit) series, in
which patients were to receive 2 surprise visits to
their home each month, and the No-HV series, in
which patients were due to receive no such surprise
visits. Urine specimens were scheduled to be obtained
from patients in the HV series at the visits to their
homes and from all the patients in both series at the
regular monthly clinic attendance.
A paper method (Gangadharam et al., 1962) was

employed for the detection of free isoniazid, the
only modifications being that Ford No. 428 blotting-
paper was used and the papers were left for 30
minutes in the final drying phase. All the test
papers were prepared at the Medical Research
Council Laboratory in Nairobi. Whenever a batch
of papers was prepared, a sample of 10 was checked,
5 with a positive control urine (a specimen collected
approximately 12 hours after a 150-mg dose of
isoniazid) and 5 with a negative control urine.
Fresh stocks of papers were dispatched every
2 months by post to each centre, accompanied by
specimens of urine, some of which were known to be
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positive for isoniazid and some known to be negative.
On arrival at the centre the papers were stored in
a refrigerator. Detailed instructions on the perfor-
mance of the test and reading the result were

provided with the initial supply of papers.
Urine tests for para-aminosalicylic acid (PAS) had

been carried out some years previously as a routine
in 2 of the 9 centres, but had been discontinued when
PAS was replaced by thioacetazone as the companion
drug for isoniazid. In none of the other centres had
the staff had any previous experience of supervising
patients by means of urine tests.
The arrangements for testing the urine specimens

varied from centre to centre (Table 1). Specimens
collected at home visits were tested in a hospital
laboratory in 2 centres, in an out-patient clinic in 3,
in a hospital ward in 1 and on the spot in the patient's
home in 2 centres. The remaining centre made some

tests in a hospital laboratory and the rest in the
patient's home. Specimens collected at clinic at-
tendances were tested in a hospital laboratory at
2 centres, in a hospital ward in 2 and in an out-
patient clinic in 4. In the remaining centre some

tests were made in the out-patient clinic and some in
the hospital laboratory. The tests were undertaken
by 37 staff members-namely, 4 laboratory assist-
ants, 3 medical assistants, a nurse; 6 dressers.and
23 home visitors. The laboratory assistants are the
most highly trained in laboratory techniques and the
home visitors the least.

In all, 425 patients were admitted to the study
from the 9 centres, of which 4 were in Kenya, 3 in

Uganda and 2 in Tanzania. Fifteen patients were

excluded from the present analysis because they did
not enter the 10-month period of out-patient
treatment. There remain 410 patients (207 HV,
203 No-HV) in the analysis.

RESULTS OF THE URINE TESTS IN THE STUDY

Table 2 sets out, centre by centre, the results of the
urine tests in the study. Of 1772 specimens obtained
from a total of 207 HV patients in their homes,
1707 (96.3 %) were recorded as positive. In 3 centres
(III, V and IX) all (100%) of 205, of 134 and of
274 home specimens, respectively, were positive, and
in a fourth centre (VIII) all except 1 of 219 specimens
were positive. The over-all level of positivity of the
clinic specimens in the HV series-namely, 94.5% of
1751 specimens-was lower than for the home
specimens (96.3 %), the difference being statistically
significant (P=0.01). The proportions of positive
results at Centres III, V and VIII were again particu-
larly high-namely, 98.0% of 147, 99.6% of 235,
and 99.1 % of 108 specimens-whereas Centre IX
had one of the lowest rates-89.4% of 207 specimens.
Thus, the over-all positivity was higher in the home
specimens than in the clinic specimens in the HV
series and the recorded positivity rates for both
types of specimens were very high.

In the No-HV series the proportion of clinic
specimens recorded as positive-namely, 94.7 % of
1774 specimens-was practically identical to that for
the HV series (94.5 %).

TABLE 1

PRACTICE OF URINE TESTING AT EACH CENTRE IN THE STUDY

Specimens collected Specimens collected
Centre Urine tests performed by at home visits at clinic attendances

tested in tested in

I 2 laboratory assistants Hospital laboratory Hospital laboratory

11 1 laboratory assistant Hospital laboratory Hospital laboratory
III I medical assistant, 1 home visitor Out-patient clinic Out-patient clinic

IV 1 medical assistant Home Hospital ward

V 1 medical assistant, Home or Out-patient clinic or
I laboratory assistant hospital laboratory hospital laboratory

VI 1 certificated nurse, I home visitor Hospital ward Hospital ward

VIl 6 dressers Out-patient clinic Out-patient clinic

Vil 18 home visitors Home Out-patient clinic

IX 3 home visitors Out-patient clinic Out-patient clinic
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TABLE 2
RESULTS OF URINE TESTS IN THE STUDY, BY CENTRES

HV series

Tests on home specimens

Positive No. of

No. % patients

60

237

205

55

134

130

394

218

274

96.8

86.2

100.0

93.2

100.0

94.2

97.0

99.5

100.0

23

25

19

25

25

22

30

14

24

Tests on clinic specimens

Total
tests

189

203

147

228

235

141

293

108

207

No-HV series

Tests on clinic specimens

Positive No. of Total

No. % patients tests

168

182

144

216

234

130

288

107

185

88.9

89.7

98.0

94.7

99.6

92.2

98.3

99.1

89.4

18

25

17

25

25

22

30

16

25

160

232

128

214

235

157

294

115

209

Total - 207 1 772 1 707 96.3 207 1 751 1654 94.5 203 1 744 J 1651 94.7

When these analyses became available the following
further special inquiries were undertaken to explore
why these very high rates of positive results had
been obtained.

REINVESTIGATION OF THE RELIABILITY OF THE TEST

PAPERS IN A SPECIAL STUDY

In order to reinvestigate the reliability of the test
papers, 30 in-patients who had received no medication
in the preceding 48 hours were given a single tablet
containing isoniazid 300 mg plus thioacetazone
150 mg under supervision, specimens of urine being
collected immediately before the administration of
the tablet and 2, 4, 6, 9 and 24 hours after. In
addition, as a control, 1 specimen of urine was

TABLE 3
RESULTS OF TESTS OF 210 SPECIMENS BY THE PAPER

METHOD IN A SPECIAL STUDY

Results INegative 0 2 [4 6 19 24controls hour hourl hour hourl hour hour

Strong positive 0 0 29 27 26 12 1

Weak positive 0 1 0 1 3 5 3

Negative 30 29 1 2 1 13 26

Total | 30 30 30 30 30 30 30

collected from each of 30 healthy volunteers. The
210 specimens were given random numbers and were

tested by the paper method by a laboratory technician
with long experience of the method. None of the
30 specimens from the volunteers and only 1 of the
0-hour specimens from the patients was positive
(Table 3). Nearly all the specimens at 2, 4 and
6 hours were positive, the great majority strongly
so. At 9 hours there were 17 positive results but
at 24 hours only 4 specimens were positive. These
findings suggest that, in the hands of a skilled
observer, the test is reliable.

CHECK ON THE METHOD OF PERFORMING THE TESTS

AT THE CENTRES

A co-ordinating physician paying routine visits
to 7 of the 9 centres observed the staff carrying out a

few tests and in 6 the method of performing the test
was according to the instructions provided (putting a
test paper on a white glazed tile, adding 3 drops of
urine with a Pasteur pipette or a dropper and
reading the test after 10 minutes). In 1 centre a

staffmember put the test paper in the urine specimen.

CHECK ON THE RELIABILITY OF THE READINGS IN THE

CENTRES IN A SPECIAL STUDY

Eighty urine specimens were obtained, 62 from
patients receiving isoniazid-containing regimens and

No. of
patients

23

25

19

25

25

22

30

14

24

Total
tests

62

275

205

59

134

138

406

219

274

II

III

IV

V

VI

VIl

Vill

lX

Positive

No. %

157

211

120

202

233

144

288

109

187

98.1

90.9

93.8

94.4

99.1

91.7

98.0

94.8

89.5
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TABLE 4
RESULTS OF TESTS OF 80 URINE SPECIMENS BY 3 MEDICAL STUDENTS IN SPECIAL

STUDY RELATED TO RESULTS OBTAINED BY A LABORATORY ASSISTANT,
A DRESSER AND 3 HOME VISITORS

Laboratory Dresser 3 home visitors
Score~ ~ ~~ ~asinsCentreI in Centre Vll in Centre IXScore Ttl i ete1

(3 medical students' Total iee
readings) specimens Positive Positive Positive

No. % No. % No. %

6-9 (positive) 32 31 97 32 100 32 100

4-5 (doubtful) 13 12 (92) a 13 (100) a 13 (100) a

0-3 (negative) 35 7 20 24 69 11 31

a Parentheses denote percentages based on fewer than 25 observations.

18 from patients receiving no drug treatment. The
specimens were given random numbers and were

tested independently by 3 medical students who
scored 3 if a test was definitely positive, 2 if doubtful
but probably positive, 1 if doubtful but probably
negative, and 0 if definitely negative. The sum of the
3 individual scores for each specimen was 6-9
(positive) for 32, 4-5 (doubtful) for 13 and 0-3
(negative) for 35 (Table 4). Among the specimens
there were 18 known to be negative and the sum of
the scores for each of these was in the 0-3 range.
The 80 urine specimens were tested in Centre II

by a laboratory assistant, in Centre VII by a dresser
and in Centre IX by 3 home visitors (the readings of
the home visitors were similar and the results have
been amalgamated). They reported specimens
either as positive or as negative. A number of urine
specimens scored 0-3 by the 3 medical students, and
thus regarded as negative, were reported positive at
the 3 centres-namely, 7 (20%) in Centre II, 24
(69%) in Centre VII, and 11 (31 %) in Centre IX.

INTERROGATION OF PATIENTS

For this purpose, 3 of the centres (II, VI and VII)
were visited by a co-ordinating physician. Groups of
patients in the HV series who had completed 12
months treatment in the study were recalled and
asked a number of questions about their period of
stay in hospital, their out-patient attendance, their
health, their employment and also the regularity of
the collection of urine specimens and of home visits.
At Centres II and VII specimens had been collected
regularly both at home visits and at clinic attendances

from 14 and 16 patients who were interrogated.
At Centre V, while 14 of 15 patients interrogated
had been visited at home, only 4 of the 15 said that
they had provided urine specimens at the home
visits. According to the monthly progress reports a
total of 18 specimens had been obtained from these
4 patients during their 10 months of out-patient
treatment, and from the 11 patients who claimed to
have provided no urine specimens 59 were allegedly
collected at home and all had been reported positive.

DISCUSSION

Testing urine specimens obtained at surprise
visits to the home or at routine attendances at a
clinic for antituberculosis drugs is a well-established
procedure in the supervision of patients undergoing
ambulatory chemotherapy for pulmonary tubercu-
losis. It is of particular value in differentiating
between patients who are regular and patients who
are irregular in self-administering medicaments, so
permitting the supervisory services to concentrate
resources on those who are irregular (Fox, 1963).
In the course of a co-operative clinical investigation
(East African/British Medical Research Council
Third Thiacetazone Investigation, 1966) a urine test
service was set up in 9 centres. It involved 37 staff
members, the majority of whom had a limited
educational background and limited training. A
simple paper test for isoniazid was used (Gangad-
haram et al., 1962) and the results were reported on
the monthly progress reports. When the results were
analysed at the end of the investigation it became
quite obvious that there was an unbelievably high
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percentage of positive results. For example, 3 of the
centres had reported that every single specimen
obtained at surprise visits to the home throughout
the study was positive. Moreover, the proportion of
positive results at surprise visits to the home was
statistically significantly higher than at clinic
attendances, a further most unusual finding.
The method of testing for isoniazid in the present

study had to be a simple one because it was intended
for use by unskilled staff under field conditions.
The more delicate and elaborate tests which use
reagents such as mercuric chloride (Gangadharam
et al., 1958) or potassium cyanide (Kasik et al., 1962;
Eidus & Hamilton, 1964) are clearly unsuitable for
such conditions. The paper test which was, therefore,
used in this study has been reported to produce a
small proportion of false positive results, which is
of the order of about 5%, even in skilled hands
(Gangadharam et al., 1962; Venkataraman et al.,
1965). Evidence was obtained that under test
conditions substantially more false positive results
were reported by the relatively untrained staff who
performed the examinations for the chemotherapy
study.
When setting up a service for urine testing there

is clearly a need to introduce known positive and
known negative specimens for the purpose of " qual-
ity control" (Wootton et al., 1951). A simple system
was, in fact, introduced in the present study, the
centres being sent known positive and known
negative urines for isoniazid at intervals to test.
Even quality control needs adequate supervision
and that this was not achieved in the present study
is at least in part due to a failure of co-ordination.
Even so, it is questionable whether it is readily
possible to improve the general supervision at a
peripheral level in the routine practice in many
developing countries to such a degree that urine
testing can become sufficiently reliable to help in
the clinical management of patients. The alternative
is to centralize urine testing in a regional laboratory,
using methods such as those of Kasik et al. (1962) or
Eidus & Hamilton (1964), which are reliable and
suitable for large-scale use, incorporating a foolproof
system of quality control in which the staff perform-
ing the tests do not know which are the specimens
introduced to monitor the service or which of them
are positive and which are negative. Very weak
positive specimens which might well give false
negative results and very strong positive results
which give no reasonable chance of being read as
negative should not be used as monitoring specimens.

In such a centralized service the role of the peripheral
staff would be the collection of specimens, their
dispatch to the regional laboratory and taking
clinical action in the light of negative results. A
disadvantage of centralizing testing is that it may
introduce a delay of several days in reporting the
results so that a special visit to the home to admonish
irregular patients will be necessary unless this is
postponed until the patient's next attendance.
A further factor involved in the high positivity rate

was the performance of the tests by a method which
was different from that set out in the protocol,
representing a failure of communication between
the co-ordinators and the staff actually doing the
field work. In the course of one of the special
studies reported here one of the staff dipped the
papers in the urine. In a more recent study a staff
member instructed the patients to urinate on the
papers.

Finally, evidence was obtained that in the present
study a third factor was involved in the high rate of
positivity-namely, dishonest recording. Positive
results were reported even when specimens had
never been collected in 1 of 3 centres where patients-
were interrogated. This problem was recognized by
Gilroy (1952) with weekly proguanil prophylaxis of
malaria. He organized the administration of tablets
on tea plantations in Assam under the direct super-
vision of a distributor who kept a register and noted
absentees, the registers being inspected weekly by the
resident estate doctor and from time to time by the
visiting medical officer. Gilroy (1952), discussing
the poor standard of efficiency of the distribution as
assessed by urine tests for the medicament, wrote
" while proguanil administration is recognized as a
legitimate, if tedious, duty of the medical staff, it is.
certainly not accepted as such by the additional non-
medical helpers. It involves very early rising on
several days a week and a walk of some distance to
the lines-it may be in heavy rain. It is scarcely
surprising that, unless there is some unequivocal test
ofthe thoroughness ofthe distribution, with disciplin--
ary action following slackness, or unless some
financial reward for good work is offered, the
distributor will probably give a handful of tablets to
a subordinate to distribute and will confine his own
participation to marking the proguanil register in the
comfort of his own quarters."

It is also evident that, even if a centralized system
of urine testing with a sensitive method and quality
control is instituted, adequate supervision is essential
even to ensure that specimens are, in fact, obtained
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from the patients and dispatched to the central
laboratory. In this respect no system of supervision
is a substitute for enthusiasm of the staff. One of the
keys to organizing an efficient service is to ensure
that the staff, no matter how unskilled, untrained or
lowly paid, fully appreciate the importance of their
personal contribution to the cure of the patients and
take a justified pride in their work.

In conclusion, the findings reported here emphasize
the importance of supervision of all techniques and
procedures which are being applied at a field level,
no matter how simple they may appear at first sight.
This applies not only to urine testing but, for
example, to home visiting, the distribution of
medicament, contact examinations and BCG vac-
cination.

RIISUMm2

Dans le cadre d'une etude clinique collective, neuf
centres d'Afrique orientale ont utilise une epreuve
simple sur papier pour estimer la mesure dans laquelle
des malades atteints de tuberculose pulmonaire suivaient
le traitement qui leur avait ete prescrit par le service de
consultations extemes, soit 300 mg d'isoniazide et
150 mg de thio-acetazone par jour.
Les malades etaient repartis en deux groupes, l'un dit

( HV * (home-visit) comprenant 207 sujets recevant a
l'improviste deux visites 'a domicile par mois, et l'autre
dit ((No HV * compose de 203 patients omis du contr6le
a domicile. Un echantillon d'urine devait etre donne par
tous les malades lors de la consultation mensuelle au
dispensaire et, de plus, par les malades du groupe HV
lors des visites a domicile. Les analyses d'urine ont ete
faites par 37 membres du personnel, la plupart tres peu
experimentes.

Pour le groupe HV, 96,3% des 1772 echantillons recueil-
lis a domicile et 94,5% des 1751 echantillons recueillis au
dispensaire ont e enregistres comme positifs. Pour la
serie No HV, sur les 1774 echantillons recueillis au dis-
pensaire, 94,7% ont et6 enregistres comme positifs. Dans
trois centres, pour 134, 205 et 274 echantillons recueillis
a domicile, les resultats 'taient positifs a 100%.
La surestimation des resultats, une application defec-

tueuse de la methode d'analyse et un enregistrement
deliberement faux des lectures, telles sont les trois raisons
qui expliquent ces taux tres eleves de resultats positifs.
L'insucces de ce systeme d'analyse d'urine met en lumiere
l'importance du contr6le de toutes les techniques des-
tinees a etre appliquees sur le terrain. Le probleme de la
centralisation des analyses dans des laboratoires regio-
naux avec un bon contr6le de la qualit6 des travaux est
examine.
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