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A Serological Test in Tuberculosis
A "Blind " Trial of the Kaolin-Agglutination Test (KAT) for Detection of

Tuberculosis Antibodies

M. P. ZYKOV,1 A. GESER,2 T. EGSMOSE,' B. A. GODOVANNYI,1
1. DONETS,' J. A. W. ANG'AWA,' R. 1. PATEL,3 C. BL0CHER 2 & S. J. POTI 1

Takahashi reported in 1962 that his kaolin-agglutination test (KA T), using the
phosphatide fraction of Mycobacterium tuberculosis as antigen, was capable of detecting
specific antibodies in sera from patients with pulmonary tuberculosis, and that the test
could differentiate between active and inactive disease.

The present study was designed to investigate the diagnostic efficiency of the KAT
under conditions that prevail in Africa. Blood specimens were obtained from various
categories of people, ranging from presumably healthy tuberculin-negative persons to
patients with far-advanced pulmonary tuberculosis, and these specimens were submitted
"blindly" for serological testing.

The results showed that the KAT was less sensitive and also less specific in Kenya than
it had been found in Japan by Takahashi. Some reasons for this discrepancy are discussed,
but no final conclusion is reached.

BACKGROUND

High hopes arose when Takahashi recently
published his results of a clinical trial of the kaolin-
agglutination test (KAT), which he had developed
for the detection of specific antibodies in tuberculous
serum (Takahashi, 1962). He used the phosphatide
fraction of Mycobacterium tuberculosis as antigen
in his test, and the results of the studies carried out
in Japan indicated that the KAT was able to dis-
tinguish patients with pulmonary tuberculosis from
non-tuberculous persons and, furthermore, that it
could differentiate between active and inactive
disease. Takahashi found the test highly specific;
only about 10% of non-tuberculous individuals
reacted positively, and with low titres, and so sen-
sitive that almost 100% of the patients with advanced
tuberculosis reacted with high titres.
The availability of a reliable serological test in

tuberculosis would evidently be of the greatest value
in case-finding work, particularly in population
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groups in which repeated and complete clinical
examinations cannot be carried out. In addition,
the test might provide an epidemiological tool for
the further study of the nature of non-specific
tuberculin sensitivity, which seriously limits the
usage of tuberculin testing in many tropical coun-
tries. In view of the clinical and epidemiological
potentialities of such a test, the utility of the KAT
under African conditions was taken up for investi-
gation.

In 1964, a study was undertaken by the WHO-
Assisted Tuberculosis Project's laboratory in Nairobi
(M. P. Zykov et al., unpublished data), in which 521
sera from tuberculosis patients and supposedly
healthy persons were submitted to the KAT. Among
patients excreting tubercle bacilli in their sputa,
79.2% reacted with titres from 1/8 to 1/512, as also
did 15% of tuberculin-positive individuals. Rather
unexpectedly, however, it was found that 38.5% of
tuberculin-negative persons gave positive reactions
to the KAT.
As the results of this investigation differed to a

certain extent from Takahashi's findings, it was
decided to carry out a new and extended experiment
that might confirm the data already obtained and,
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by including various categories of examinees, provide
additional information about the applicability of
the KAT. The " blind " trial that is reported in this
paper was carried out in 1964 in accordance with the
techniques laid down by Takahashi and using the
reagents prepared by him.

PURPOSE AND DESIGN OF STUDY

The purpose of the present trial was to assess the
specificity and sensitivity of the KAT under condi-
tions prevailing in a country in East Africa. This
was done by submitting a series of blood samples
" blindly " to serological testing, so that the spe-

cialists and technicians in the laboratory could not
know whether a given specimen was obtained from a

tuberculosis patient or from a presumably healthy
person. The blood samples were drawn from
different categories of people, ranging from tuber-
culin-negative individuals to tuberculosis patients
with far-advanced open disease. The study popula-
tion varied widely in age, level of tuberculin sen-

sitivity, extent of radiological evidence of disease and
excretion of tubercle bacilli, and it was therefore
possible to establish the association between these
variables and the strength of the reactions to the
KAT.
The test was also applied to a group of BCG-

vaccinated persons in order to observe the associa-
tion between the level of BCG-induced tuberculin
allergy and the strength of the serological reaction.

Finally, the consistency of the method was

investigated by submitting a number of duplicate
specimens for examination. This was also done
' blindly ", and the investigators did not know when
duplicate specimens were being examined.

STUDY POPULATION

The persons included in this study were selected
from the following groups in and around Nairobi:

1. patients attending tuberculosis institutions in Nairobi:
(a) out-patients at Nairobi Chest Clinic . . . 197
(b) patients hospitalized in the Infectious Dis-

eases Hospital . . . . . . . . . . . . . 29
2. people living in the area covered by the WHO-

Assisted Tuberculosis Project:
(c) contact study groups . . . . . . . . . . 85
(b) routine follow-up groups . . . . . . . . 135

The age and sex composition of the entire study
population is presented in Table 1, which shows

TABLE 1

THE STUDY POPULATION BY AGE AND SEX

Age Number of persons
(years) Males Females Both sexes

0-9 11 9 20

10-19 47 38 85

20-29 80 30 110

30-39 79 19 99 a

40-49 37 21 59 a

50-59 15 7 22

60+ 8 3 11

Unknown 15 24 40a

Totals 292 151 446b

not st
a Including one person with sex not stated.
b Including three persons with sex not stated.

that 301 (74%) of the 406 examinees whose ages were
known were over 19 years of age, and that there was
a considerable preponderance of males (292) over
females (151).

In Table 2, the examinees are classified by age
and sex into different categories with regard to their
state of health. The grouping was made according
to status of tuberculosis infection and advancement
of disease. A group of BCG-vaccinated persons was
included in order to investigate the relationship
between BCG-induced tuberculin allergy and the
reactions to the KAT.
The number of examinees to be included in the

study was decided in advance, with a view to pro-
viding a sufficient number of observations in each
category and ensuring that the study covered the
entire range of variables. No attempts were made to
make the sample representative of patients attending
the various institutions or of the population living
in the study area; in fact, the study population was
not representative of anything but itself.

TECHNIQUES

Collection ofblood samples
Before the tuberculin test was given, blood speci-

mens were obtained by puncture of the cubital veins,
using disposable plastic syringes. The samples were
marked with code numbers and immediately for-
warded to the laboratory, where the KAT was
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TABLE 2

DISTRIBUTION OF DIFFERENT CATEGORIES OF EXAMINEES ACCORDING TO AGE AND SEX

Group of examinees

Healthy, BCG-vaccinated

Healthy, tuberculin-negative

Healthy, tuberculin-positive

Sex
0-9

F

M +F

M

F

M+F 1

M

F

M _L...,..

Tuberculin-positive, healed X-ray M
lesion F

M +F

Tuberculin-positive, active X-ray M
lesion

F

Bacteriologically negative,
formerly sputum-positive

Bacteriologic
formerly sp

Total

M+F

M

F

M+F

ally positive, M
utum-positive

F

M+F

!---_
M

F

M +F

5

4

9

2

3

3

14
4

2

3

11

9

20

10-19

11
1 10

10

21

8

4

12

3

2

5

2

2

15

13

28

7

9

16

47

38

85

Age (years)

20-29 30-39 40-49 50 +

19 22 3 -

20 23 a 4 a

15 13 2 -

4 2 4 1

19 15 6 1

21 19 9 2

2 2 2 -

23 21 11 2

4 - 4 10

3 1 2 1

7 1 6 11

-
-

-
1

11 8 12 5

11 10 8 5

22 18 20 10

8 17 6 5

9 4 3

17 21 11 8

80 c 79 37 d 23

30 19 21 10

io0c 99 a 59 a,d 33

Unknown

18

20 a

1

_I

5

5

1i
2

8

3

11

15

24

40 a

Total

46

19

68 b

42

22

64

64

15

79

27

11

38

6
16

7

53

50

103

51

33

84

292 e

151

446 bt, c

a Including one person with sex not stated.
b Including three persons with sex not stated.
c Including two persons with incomplete data regarding group of examinees.
d Including one person with incomplete data regarding group of examinees.
e Including three persons with incomplete data regarding group of examinees.
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performed the day after the specimens were drawn.
No information regarding the clinical status or
other data pertaining to the examinees was made
available to the staff in the laboratory. A few of the
collected blood samples were divided into two por-
tions and were given different code numbers. These
duplicate specimens were submitted to serological
testing together with the other samples.

Serological test procedure
The serological test was carried out as described

by Takahashi,' using a phosphatide antigen (lot
No. 38.8.9) obtained from him in November 1963.

In the present study, all sera in which agglutination
was observed in dilutions weaker than 1/4 were
considered " positive ". Throughout this report,
however, the data are presented in the form of
complete frequency distributions by size of the
highest positive titre. It is thus possible to apply any
criterion for a positive reaction that may be con-
sidered appropriate.

Measurement of different variables
In order to correlate the strength of the reaction

to the KAT with possible relevant factors, the
following examinations were carried out:

Tuberculin testing. Each examinee was given an
intradermal Mantoux test, using I TU of a PPD
solution (batch RT 23, prepared by the Statens
Seruminstitut, Copenhagen). The test was read
three days later by measuring the diameter of the
induration at the site of injection. For a few of the
hospitalized patients, the results of the tuberculin
tests given at the time of admission were used to
indicate the level of tuberculin allergy, so that
repeated testing in these highly positive individuals
was avoided.

X-ray examination. A 70-mm chest photofluoro-
gram was taken of each examinee at the time of the
blood collection. All films were read by one indivi-
dual, who classified them into the following catego-
ries, according to severity of pulmonary tuberculosis:
(a) no evidence of pulmonary tuberculosis; (b) pre-
sence of healed tuberculous lesion (minimal, moder-
ate or far-advanced); or (c) presence of active
tuberculosis (minimal, moderate or far-advanced).

Bacteriological examination. A sputum specimen
was collected from each examinee at the time the

" The tubercle phosphatide kaolin-agglutination test.
Serodiagnosis of tuberculosis ", March 1963. The Research
Institute for Tuberculosis, Hokkaido University, Sapporo,
Japan (instructions issued with test materials).

blood sample was drawn. The sputum containers
were marked with serial numbers that differed from
the code numbers allotted to the blood samples. All
sputa were immediately forwarded to the laboratory
for examination by microscopy and by culture.
The microscopic examination was made by the Ziehl-
Neelsen method; acid-fast micro-organisms were
counted, and the number observed was recorded in
each case. The culture was carried out on solid
L6wenstein-Jensen medium, which was inspected
up to eight weeks after inoculation.

Sedintentation rate. For some of the examinees
who attended the Chest Clinic, the blood sedimenta-
tion rate was measured in order to observe the
association between this variable and the strength
of the reactions to the KAT: The sedimentation rates
were measured in millimetres per hour.

Collection of other data

For each examinee, information regarding age,
sex and status relating to BCG vaccination was
recorded. In BCG-vaccinated persons, the interval
between vaccination and the present examination
was also recorded.

FINDINGS

rhe results of the study are mainly presented in
the form of correlations between the strength of the
reactions to the KAT and the magnitude of each of
the other variables that were measured. Since the
specificity of antibodies produced by BCG vaccina-
tion may be very different from that of antibodies
following natural infection, the vaccinated and
unvaccinated groups of examinees were considered
separately in the analysis.

Effect of age and sex

The connexion between age and sex and the
strength of reactions to the KAT is shown in Table 3
and Fig. 1 and 2 for unvaccinated persons.

It appears that the proportion of persons with
positive reactions to the KAT increased with the
age of the examinees. Among males, approximately
40% were positive in the age-group 0-19 years, and
this proportion increased to 60% in the age-group
30-39 years and remained constant at this level in the
oldest age-group. Among females, the increase was
even more drastic: the proportion of reactors rose
from 30% in the age-group 0-19 years to 84% in the
age-group 30-39 years; however, among the older
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TABLE 3
FREQUENCY DISTRIBUTION OF REACTIONS TO THE KAT, BY AGE AND SEX,

IN UNVACCINATED PERSONS

Sex Males Females

Ag I
(years) 0-19 20-29 30-39 40 + 0-19 20-29 30-39 40 +

Tltre No. % No. % No. % No. % No. % No. % No. % No. %

11250 - - - - 1 1.8-

1/128 3 5.3 - - - - 1 1.8 1 2.1 1 3.5 1 5.3 4 12.9

1/64 4 7.0 3 4.9 6 10.5 3 5.3 4 8.5 4 13.8 4 21.1 4 12.9

1/32 4 10.5 9 14.8 6 10.5 13 22.8 1 2.1 6 20.7 2 10.5 2 6.5

1/16 7 12.3 9 14.8 11 19.3 10 17.5 3 6.4 5 17.2 7 36.8 4 12.9

1/8 3 5.3 5 8.2 10 17.5 6 10.5 6 12.8 3 10.3 2 10.5 4 12.9

0 34 59.6 35 57.3 23 40.4 24 42.1 32 68.1 10 34.5 3 15.8 13 41.9

Total 57 100.0 61 100.0 57 100.0 57 100.0 47 100.0 29 100.0 19 100.0 | 31 100.0

FIG. 1
PERCENTAGE DISTRIBUTION, BY AGE,

OF UNVACCINATED MALES WHO REACTED TO
THE KAT WITH TITRES OF SPECIFIED SIZE
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FIG. 2
PERCENTAGE DISTRIBUTION, BY AGE,

OF UNVACCINATED FEMALES WHO REACTED
TO THE KAT WITH TITRES OF SPECIFIED SIZE
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women (40 years and above), there was a remarkable
decrease (down to 58 %) in the proportion of reactors
to the KAT.

In the vaccinated group (distribution not shown)
the proportion of positive reactions to the KAT
declined with age from approximately 60% in the
age-group 20-29 years to about 50% in the age-
group 30-39 years, but the age range of the vaccinated
examinees was so narrow that no conclusion can be
reached about the trend.

Level of tuberculin sensitivity
The correlation between the size of Mantoux 1 TU

reactions and the strength of antibody titres is
presented, in Table 4, separately for unvaccinated
and BCG-vaccinated persons. Fig. 3 illustrates these
findings among the unvaccinated examinees. No
clear correlation can be seen between the two
variables, and it is remarkable that, of 159 unvaccin-
ated persons who had very strong tuberculin allergy

FIG. 3
PERCENTAGE DISTRIBUTION, BY SIZE OF REACTIONS
TO THE MANTOUX I TU TEST, OF UNVACCINATED

PERSONS WHO REACTED TO THE KAT WITH TITRES
OF SPECIFIED SIZE

MUMER OF PERSONS

** 1 1 ~149 59-

0.'

z

' A

INDURATION (mm)

(1 TU reactions larger than 19 mm), no fewer than
73 (45.9%) failed to react to the serological test
(Fig. 3). Among the 54 unvaccinated persons whose
1 TU reactions measured 0 mm, 20 (37.0 %) reacted
positively to the KAT, 8 of them having titres of
1/32 or higher (Table 4). There is no indication that
the BCG-vaccinated people reacted very differently
to the test; 50% of them showed negative reactions.

Extent and severity ofpulmonary X-ray pathology

Table 5 and Fig. 4 show the strength of reactions
to the KAT which were observed in the various
radiological groups of unvaccinated examinees. It
appears that the proportion of positive reactions
increases with the severity of the radiological
findings. Among persons classified as having normal
lungs, about 60% did not react to the test, whereas
26% of the persons classified as having active
pulmonary tuberculosis had negative reactions,
which was a rather remarkable result.

FIG. 4
PERCENTAGE DISTRIBUTION, BY RADIOLOGICAL
FINDINGS, OF UNVACCINATED PERSONS WHO

REACTED TO THE KAT WITH TITRES OF SPECIFIED
SIZE
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TABLE 4
CORRELATION BETWEEN KAT TITRES AND SIZE OF REACTIONS TO MANTOUX 1 TU

AMONG UNVACCINATED AND BCG-VACCINATED PERSONS

Size of reaction to Mantoux 1 TU (induration in mm)
Titre Total

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 +

Unvaccinated persons

1/256 11- - _ _ _ _ _ _ _ 1

1/128 1 1 - 1 2 1 4 1 3 - - - 14

1/64 3 - - - - 3 1 4 6 5 7 4 1 1 - - 35

1/32 3 - - - - - 1 3 9 13 10 5 2 1 - 1 49

1/16 7 - - - - 1 3 9 5 8 13 7 4 2 - - 59

1/8 5 - - 1 - 1 1 3 6 3 5 8 6 - - 1 40

0 34 1 3 3 1 3 5 10 18 15 28 23 11 3 5 3 166

Total 54 1 3 5 1 9 11 30 46 45 67 48 27 7 5 5 364

BCG-vaccinated persons

1/256 _ _ _ _ _ _

111281 - - - - - -

1/64 - - - - - - - 1 - - - - - - - - 1

1/32 - - - - - - 1 3 3 1 1 - - - - - 9

1/16 1 1 - - - - - 1 3 3 2 - - - - - 11

1/8 1 - - . _ _ 2 2 1 2 3 - 1 - - - 12

0 2 - 1 - 1 6 1 3 11 7 2 - - - - - 34

Total 4 1 1 - 1 6 5 10 18 13 8 - 1 - - - 68

TABLE 5

CORRELATION BETWEEN KAT TITRES AND RADIOLOGICAL FINDINGS AMONG UNVACCINATED PERSONS

Radiological findings

Titre Healed lesions a Active lesions a Grand
_mal A B C Total A B C Total

1/256 1 _ _ _ _ _ _ _ _ 1

1/128 - 2 1 -3 - 1 10 11 14

1/64 4 4 __ _ 4 2 6 20 28 36

1/32 15 4 1 1 6 4 5 17 26 47

1/16 25 12 4 1 17 2 2 15 19 61

118 16 10 - - 10 2 7 5 14 40

0 101 34 2 1 37 15 7 13 35 173

~~~~~~~I- 7
Total 162 66 8 3 77 25 28 80 133

a A =minimal; B =moderate; C =far-advanced.
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TABLE 6

CORRELATION BETWEEN KAT TITRES
AND BACTERIOLOGICAL FINDINGS AMONG

UNVACCINATED PERSONS

Microscopy Culture

Titre No. of bacilli No. of colonies
Total Total

10 1-99 100+ 0 1-99 100+

1/256 1 - - 1

11128 12 2 - 14 7 4 2 13

1/64 23 8 5 36 14 8 14 36

1/32 38 4 8 50 32 8 10 50

1/16 51 7 3 61 46 2 11 59

1/8 36 - 4 40 34 2 4 40

0 157 4 5 166 152 5 9 166

rota 318 25 25 388 [28 29 50 365

FIG. 5
PERCENTAGE DISTRIBUTION, BY BACTERIOLOGICAL
STATUS, OF UNVACCINATED PERSONS WHO REACTED

TO THE KAT WITH TITRES OF SPECIFIED SIZE

Relation to bacteriologicalfindings
Table 6 and Fig. 5 show the relation between the

observed reactions to the KAT and the degree of
excretion of tubercle bacilli. It appears that the
proportion of serological reactors increases with the
degree of excretion of tubercle bacilli in the exa-
minees. However, it is noteworthy that, even among
the most heavy excretors of tubercle bacilli, 20% had
completely negative reactions to the KAT and, of the
examinees who did not excrete tubercle bacilli,
about 50% had positive reactions.

The probability of detecting tuberculosis
In Table 7, the unvaccinated examinees are

classified into eight categories, based upon the
results of the tuberculin test and the radiological and
bacteriological examinations. These categories are
arranged to indicate the increasing likelihood that a
person is suffering from pulmonary tuberculosis.
Category I comprises presumably healthy individuals

FIG. 6.
PERCENTAGE DISTRIBUTION OF UNVACCINATED

PERSONS WHO REACTED TO THE KAT WITH TITRES
OF SPECIFIED SIZE, ACCORDING TO CLINICAL STATUS
AS ESTABLISHED BY TUBERCULIN TESTING, X-RAY
EXAMINATION AND BACTERIOLOGICAL FINDINGS
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TABLE 7
CORRELATION BETWEEN KAT TITRES AND PROBABILITY OF DETECTING TUBERCULOSIS

AMONG UNVACCINATED PERSONS

ai B =bacteriological examination; X =X-ray examination; T =tuberculin test.
b Healed lesion.
c Active lesion.
d Including one person whose X-ray was not read.
e Including one person whose Mantoux reaction was not read.
f Including five persons who were positive by microscopy but not confirmed on culture.

who do not react to tuberculin (I TU reactions
smaller than 10 mm) and in whom the probability of
finding tuberculosis must be considered close to zero.
Category 8, at the top of the scale, is made up of
people found to be strong excretors of tubercle
bacilli (more than 100 colonies demonstrated by
culture). For these people, the probability of being
tuberculous thus approaches unity. The categories
falling between these two extremes represent indivi-
duals in whom the possibility of detecting tuber-
culosis varies; thus, the chances of persons in ca-
tegory 2 having the disease are rather low compared
with those of persons in categories 6 and 7, who
are more likely to be tuberculous.

Both Fig. 6 (here category 3 has been omitted and
categories 6, 7 and 8 have been combined) and
Table 7 show that there is a greater proportion of
positive reactions to the KAT with increasing
severity of disease, but it is remarkable that ap-

proximately 37% of the tuberculin-negative exa-
minees had positive reactions, whereas approximately
18% of the strong excretors of tubercle bacilli had
flatly negative serological reactions.

Relation to blood sedimentation rate

The examinees who attended the Nairobi Chest
Clinic had their sedimentation rates measured at the
time the blood samples were taken. Table 8 presents
the correlation between the blood sedimentation
rates and the KAT titres observed in the 170 persons
who underwent both examinations.
The proportion of persons with negative reactions

to the KAT was 40.4% among people with normal
sedimentation rates (0-4 mm/h), and 40.0% among
examinees who had very high sedimentation rates
(more than 80 mm/h). It thus appears that there is
no association between these two variables.
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TABLE 8
CORRELATION BETWEEN KAT TITRES AND BLOOD

SEDIMENTATION RATES

Sedi- Titres
mentation ITotal
per hour)m 1/256 1/128 1/64 1/32 1/16 1/8 0

0-4 - 1 4 7 12 4 19 47

5-9 - 1 3 1 2 7 14 28

10-19 - 1 2 5 6 2 12 28

20-29 - 1 3 3 5 2 9 23

30-39 - 1 2 1 1 2 2 9

40-49 - - 2 1 2 - 5 10

50-59 - - 1 1 1 - 3 6

60-79 - - 2 2 1 1 3 9

80-99 - - - 1 2 - 2 5

100 - 1 1 - - 1 2 5

Total - 6 20 22 32 19 71 170

Consistency ofKA T observations
Independent duplicate determinations of reactions

to the KAT were made on 53 sera. As previously
mentioned, the duplicate specimens were examined
the day after collection, and the reader of the tests
was not aware of the fact that some specimrens were
examined twice.
The results are presented in Table 9, which reveals

a very close correlation between the titres measured
in the duplicate specimens. In but three cases did

TABLE 9
CORRELATION BETWEEN RESULTS OF DUPLICATE

DETERMINATIONS OF KAT TITRES

Titre in first test
Total

0 1/8 1/16 1/32 1/64 1/128 |

00 19 5 - 1 1 - 26

1/8 1 4 4 - - - 9
o 1/16 1 2 2 2 - - 7

1/32 - - 1 3 - - 4

.D 1/64 _ _ _ 1 5 - 6

1/128. - 1 | 7 1 1

Total 21 111 7 7 6 1 53

the results of the two tests vary by more than one
class from each other. This demonstrates that there
was only a slight reader variability when the KAT
was performed in the Nairobi laboratory.

DISCUSSION

The results of the present trial confirm that the
presence of circulating specific antibodies detectable
by the KAT is positively correlated with the level
of tuberculin allergy and the extent of tuberculous
disease in the examinees. The degree of correlation
between the strength of reactions to the KAT and
the degree of tuberculin sensitivity or extent of
tuberculous disease is, however, so weak that it is
impossible to identify the factor (or factors) respon-
sible for the variation in positivity. The weakness
of the correlation between the titres and the different
variables observed in the present study suggests that
the association may be indirect, depending on
another, as yet concealed, variable associated with
the reactivity of the KAT.

Takahashi's clinical trials (Takahashi, 1962)
indicated that the KAT was highly sensitive, in that
it gave positive reactions in practically all cases of
active tuberculosis, and also fairly specific, in that
only a small proportion of healthy persons reacted
positively to it. These observations differ from the
findings in this study, which indicate a considerably
lower sensitivity and specificity than that reported by
Takahashi.
The sensitivity and specificity observed in the

study in Japan and in the two experiments in Kenya
are summarized in Table 10. From this table, it is
evident that the proportion of tuberculosis patients
who failed to react to the KAT (false negatives) was
much higher in the Kenya studies than in Taka-
hashi's trial. Similarly, the proportion of false
positives, i.e., non-tuberculous individuals who
reacted to the KAT, was considerably higher in the
findings from Nairobi than in the study in Japan.

In view of the observations made in the Nairobi
laboratory, it is difficult to see what practical use
could be made of the KAT at its present stage of
development. For clinical purposes, it has the
serious shortcomings that nearly 20% of active open
cases of tuberculosis react negatively to the test,
and that more than 30% of tuberculin-negative
persons have positive serological reactions to it,
some of them even reaching high titres. For epide-
miological purposes, the low specificity of the test
would make it of little help in the present endeavour
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TABLE 10
SENSITIVITY AND SPECIFICITY OF THE KAT AS OBSERVED IN SEROLOGICAL STUDIES

IN JAPAN AND IN KENYA

Sensitivity a Specificity
Criterion for aI
positive KAT Group of examinees Group of examinees

on which the calculation is based Results on which the calculation is based Results

Takahashi's clinical evaluation

Titre >11/8 1402 patients with radiological evidence of 95.4 % 303 healthy tuberculin-positive employ- 87.1 %
pulmonary tuberculosis of whom 595 had ees in five sanatoria (Table 3 in Taka-
positive sputum cultures (Table 2 in Taka- hashi, 1962)

Titre >1116 hashi, 1962) 89.1 % 92.4%

First study in Kenya (1964)

Titre >118 240 patients with tubercle bacilli in sputum 79.2 % 195 healthy people (tuberculin-positive 78.5 %
specimens, X-ray lesions in the lungs and or -negative) without X-ray lesions, and

Titre >1/16 a positive tuberculin reaction 71.8% bacteriologically negative 89.2%

Present " blind " trial in Kenya

Titre >118 84 patients found to excrete tubercle bacilli 82.1 % 154 tuberculin-negative or -positive ex- 60.4 %
by culture (Table 7 in this report) aminees without radiological or bacte-

T riological evidence of pulmonary tuber-
Titre >1/I6 73.8 % culosis (Table 7 in this report) 70.8 %

a Sensitivity is defined as the percentage of true cases that have positive KAT reactions.
b Specificity is defined as the percentage of non-tuberculous examinees who have negative KAT reactions.

to distinguish individuals with tuberculous infection
from persons with non-specific tuberculin sensitivity.
The reason for the discrepancies between the

results in Kenya and Takahashi's results in Japan
is not obvious, but may be related to one of the
following factors:

Faulty technique
It is conspicuous that the proportion of examinees

who reacted to the KAT with high titres was much
higher in Japan than in Kenya. In Takahashi's
material and in the first (1964) Kenya study, 17.3%
and 3.3%, respectively, had positive reactions with
titres above 1/128, whereas in the present study only
one examinee (a tuberculin-negative person) reached
a titre as high as 1/256. It might therefore be argued
that, for some unknown reason, the techniques
applied in the Nairobi laboratory were unsatis-
factory, resulting in a decreased sensitivity of the
test.

In considering the possibility of unsatisfactory
techniques, it should be borne in mind that the
Nairobi laboratory used the reagents prepared by
Takahashi and carefully followed the method
described by him. The laboratory work was carried
out by experienced bacteriologists, who had experi-
mented with the KAT for over half a year and carried
out preliminary trials with more than 500 specimens

before the present " blind" trial was undertaken.
Furthermore, the test appeared to work satisfactorily
in the laboratory and produced distinct agglutina-
tions that were easily distinguishable from the clouds
of kaolin particles observed in the control tubes.
The examination of duplicate specimens, which was
carried out " blindly " during the trial, showed that
the consistency of the method was high in the
Nairobi laboratory, thus indicating that the tech-
nique was satisfactory.
Takahashi has himself established (Takahashi,

1962) that his antigens, as well as his kaolin prepara-
tions, are fairly stable and can be stored at room
temperature for one year. At the time of the Nairobi
trials, the test antigen had been stored at room
temperature (15°C-20°C) for not more than half a
year, and this is considered well within the specified
storage limits.

It is therefore difficult to believe that the techniques
applied in the Nairobi laboratory were unsatis-
factory. Indeed, it would appear that better standards
could hardly have been achieved, and that the test
would be generally inapplicable if a more demanding
set-up was required.

Special conditions prevailing in Africa
Non-specific tuberculin sensitivity is prevalent in

many parts of Africa. The significance of this
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phenomenon in connexion with the present study is
not known. However, since non-specific tuberculin
sensitivity affects only a minor proportion of the
population living in the highlands of Kenya around
Nairobi (Roelsgaard, Iversen & Bl0cher, 1964), this
factor cannot account for the lack of sensitivity of
the KAT based on samples from this area. It is
unlikely that the discrepancy between results from
the Japanese study and the two East African studies
can be explained by differences in the prevalence of
non-specific tuberculin sensitivity in the two
populations.

Bias in observations
As far as can be ascertained from Takahashi's

report (Takahashi, 1962), the KAT was not carried
out " blindly" in the Japanese study, and it cannot
be excluded that some bias resulting from knowledge
of the category of examinees from which the speci-
mens originated could have influenced the observa-
tions. In view of the distinct appearance of the
agglutination that takes place in the KAT, it does
not appear likely that such a bias could have played

a major role in Takahashi's study, and other reasons
must be sought.

In conclusion, it must be stated that further
studies are required before it can be ascertained
whether or not the KAT can find a useful application
in the diagnosis of tuberculosis.

SUMMARY

The present study carried out in Kenya comprised
446 tuberculosis patients and non-tuberculous
persons from whom blood specimens were collected
and submitted " blindly " to the kaolin-agglutination
test (KAT). The reactions to the KAT were mea-
sured in various categories of examinees, grouped
according to their tuberculin status and advancement
of tuberculous disease. The results revealed that,
among very strong excretors of tubercle bacilli,
nearly 20% failed to react to the KAT and that
37% of tuberculin-negative persons had positive re-
actions. These findings indicate a rather low sensi-
tivity and specificity, as compared with observations
made in Japan, and further investigations are required
before the KAT can be said to be of diagnostic value.

RtSUMI
L'6preuve d'agglutination en presence de kaolin (KAT)

proposee par Takahashi en 1962 est destinee a mettre
en 6vidence des anticorps specifiques dans le serum
des tuberculeux pulmonaires. D'apres les premiers re-
sultats enregistr6s au Japon, cette epreuve permettrait
de faire la distinction entre sujets sains et malades
et meme de differencier les cas en 6volutifs et non
evolutifs.

Les possibilites d'emploi de cette epreuve dans les pays
tropicaux pour le diagnostic et le depistage de la tubercu-
lose ainsi que, 6ventuellement, pour l'etude de I'allergie
tuberculinique non specifique ont fait l'objet de recherches
au Kenya.
L'examen serologique, selon la technique originale de

Takahashi, a ie't pratiqu6 chez un groupe de 446 per-
sonnes, atteintes ou non de tuberculose pulmonaire, oiu
se rencontraient des conditions tres variables, depuis le
sujet sain tuberculino-negatif jusqu'au malade grave
atteint de tuberculose ouverte. Toutes ont subi une serie
d'investigations preliminaires destin6es a d6finir leur
etat: epreuve tuberculinique, radiographie des poumons,
examen des crachats par microscopie directe et culture,
recherche de la vitesse de sedimentation. Les vaccinations

par le BCG pratiqu&es anterieurement ont 6galement et6
notees.

Les resultats de 1'6preuve d'agglutination ont ete les
suivants: r6actions negatives chez 45,9 % des sujets non
vaccines et A allergie tuberculinique tres forte, et reactions
positives chez 37% des personnes tuberculino-negatives;
60% des personnes consid6rees comme indemnes apr6s
examen radiographique n'ont pas reagi, mais en revanche,
chez 26% des patients atteints de tuberculose pulmonaire
evolutive, les anticorps specifiques n'ont 6galement pu
etre deceles; enfin, parmi les malades excretant un grand
nombre de bacilles tuberculeux, I'epreuve a ete negative
dans 20% des cas, cependant que 50% environ de reac-
tions positives etaient enregistrees chez des sujets n'elimi-
nant pas de bacilles.

Les r6sultats de cette enquete serologique font ressortir
un degr6 de specificite et de sensibilit6 de 1'epreuve nette-
ment inferieur A celui rapport6 au Japon. Les auteurs
6voquent certaines causes qui auraient pu expliquer cette
discordance et concluent que, de toute evidence, cette
6preuve devra etre soumise A de nouveaux controles avant
que l'on puisse envisager de l'utiliser dans un but diag-
nostique.
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