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Some Operational Factors Influencing the Utility
of Culture Examination in the Diagnosis

of Pulmonary Tuberculosis*
K. PADMANABHA RAO,' S. S. NAIR,2 N. COBBOLD 3

& N. NAGANATHAN 4

Culture examination is technically superior to direct microscopy in the diagnosis of
pulmonary tuberculosis, but its practicability and relative importance in various phases of
national tuberculosis control programmes in developing countries must be studied before
culture facilities are provided on a large scale.

Some operationalfactors affecting the efficacy of the culture method have been analysed
in four studies conducted by the National Tuberculosis Institute, Bangalore. The results
showed that an interval of up to 7 days between collection of specimens in the field and
culture in the laboratory did not affect the yield ofpositive cultures, even though the speci-
mens were stored and transported under field conditions. A higher proportion of positive
cases was detected by culture than by direct microscopy, but the magnitude of the additional
yield was dependent upon the procedure for selecting persons for sputum examination. In
service programmes restricted to persons with symptoms who voluntarily attend diagnostic
centres, the increased yield is too small to justify the introduction of culture examination.
The method is substantially rewarding, however, in the evaluation of national control
programmes, in changes ofdrug regimen consequent on altered bacteriological status, and in
mass programmes for the early detection of infectious cases.

INTRODUCTION

Laboratory diagnosis of pulmonary tuberculosis is
based fundamentally on revealing the presence of
tubercle bacilli in sputum by direct microscopy,
culture and/or animal inoculation. Direct micro-
scopy is simpler and more expeditious and lends
itself to wider application than other diagnostic
methods; in many developing countries it is still the
best means available of detecting tubercle bacilli.
Culture examination, followed by tests for identifying
the bacilli, is recognized as the most accurate and
reliable method (Darzins, 1958), but being very
expensive its use in the developing countries is
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restricted to a few laboratories in the larger cities or
to laboratories specializing in tuberculosis research.
Though the culture method is technically superior

to direct microscopy, its efficacy depends on the
laboratory techniques employed and on operational
factors. The influence of the former has already been
recognized and the techniques in question have been
standardized. But the role of operational factors in
determining the advantages of culture examination
over direct microscopy in different practical situa-
tions, such as epidemiological surveys, active com-
munity case-finding, organization of diagnostic
services, and evaluation of diagnosis and treatment
in tuberculosis control programmes, has not received
the attention it deserves. The utility of the culture
method should be investigated in these situations,
since they form consecutive phases in the planning,
execution and evaluation of national tuberculosis
control programmes. The present paper deals with
a systematic study of data from four investigations
designed to elucidate the influence of certain opera-
tional factors on the utility of the culture method.
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MATERIALS AND METHODS

Study I

A longitudinal survey is being carried out in a

randomly selected rural population in three taluks of
Bangalore District. The nearest taluk headquarters
is at a distance of 17 miles (27 km) from Bangalore
and the farthest is 45 miles (72 km) away. The first
round of the longitudinal survey was begun in May
1961 and completed by September 1963. The
material from this round is analysed in the present
paper. Two sputum specimens, spot and overnight,
were collected at intervals of 24-48 hours from
persons aged 5 years and over having abnormal
X-ray shadows. The specimens were collected in
house-to-house visits, stored immediately after
collection in an insulated box with an ice container
and transported to the laboratory of the National
Tuberculosis Institute (NTI) for investigation. On
arrival at the laboratory the specimens were refri-
gerated, if they were not immediately processed.
The interval between collection of specimens in the
field and culture in the laboratory was 1-7 days.
The two specimens from each individual were

treated independently and examined by the following
techniques for demonstrating tubercle bacilli. A
smear was stained and examined first by fluorescence
microscopy and later by the Ziehl-Neelsen method.
Each specimen was cultured on two slopes of
Lowenstein-Jensen medium without potato starch
(Jensen, 1955) after homogenizing with 4% sodium
hydroxide, diluting the homogenate with sterile
distilled water and centrifuging at 4000 rev/min for
20 minutes. All positive cultures were identified by
subculturing and observing growth at room tem-
perature, rate of growth at 37°C, pigment production
in the dark and after exposure to light, catalase and
peroxidase reactions, niacin production and sen-

sitivity to isoniazid, streptomycin and p-amino-
salicylic acid (PAS).

Study 2

In a mass case-finding programme in Tumkur
District (the district headquarters town situated
45 miles from Bangalore) two specimens (spot
and overnight) were collected from individuals aged
20 years and over with symptoms suggestive of pul-
monary tuberculosis and from positive tuberculin
reactors bwelow the age of 20 years voluntarily
reporting with symptoms. The specimens were

examined by microscopy using the Ziehl-Neelsen
technique and cultured by the sputum swab method
(Nassau, 1954; O'Hea, 1957), on the day of collec-

tion, at Tumkur District laboratory. These speci-
mens were also transported to the NTI laboratory
in an insulated box with an ice container. The
specimens were refrigerated on arrival, if they were
not immediately processed. The two specimens were
treated independently and examined by fluorescence
microscopy and cultured by the swab method.
Only the results of the examinations carried out at
the NTI are considered in this paper. The interval
between collection of specimens in the field and
culture in the NTI laboratory was 1-7 days. All
positive cultures were identified, as in Study 1. The
first specimen was collected on 12 March 1962 and
the last on 6 March 1963.

Study 3
A technical assessment of sputum examination by

microscopy using the Ziehl-Neelsen method per-
formed by the auxiliary health staff of peripheral
health facilities in Bangalore District was begun in
October 1963 and is still in progress. The nearest
centre is 4 miles (about 6 km) and the farthest is
30 miles (48 km) from the NTI laboratory. A spot
specimen of sputum is collected daily by auxiliary
health staff at each health facility from patients who
have symptoms suggestive of pulmonary tuber-
culosis. Waxed-paper cups with loose lids are used
for specimen collection. All smears examined by the
Ziehl-Neelsen method at each centre, and the
corresponding specimens, are collected twice a week
and transported to the NTI laboratory for re-exami-
nation of smears, examination of a fresh duplicate
smear, and culture by the sputum swab method. All
positive cultures are identified, as in Study 1. No
refrigeration facilities are available in any of these
centres and the specimens, are not transported in an
insulated box. However, on receipt at the NTI
laboratory, specimens are refrigerated if there is
likely to be a delay in processing them. The interval
between collection and culture ranges from 1 to
7 days. The present report analyses material
collected up to 9 September 1964.

Study 4
An operational and technical assessment of the

District Tuberculosis Programme one year after its
launching was carried out in Anantapur District,
Andhra Pradesh (the district headquarters is 130
miles (208 km) from Bangalore). A sample was
taken comprising all patients who started treatment
during January 1962 as well as those who were diag-
nosed in that month but had not collected their drugs
up to 15 August 1962. Spot specimens collected in
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the field were stored without any refrigeration
whatsoever until transported to the NTI laboratory.
The specimens were refrigerated on arrival at the
laboratory, if not immediately processed. They were
then examined by both fluorescence microscopy and
the Ziehl-Neelsen technique, and cultured by the
sputum swab method. All positive cultures were
identified, as in Study 1. The interval between col-
lection and culture was 1-7 days. The field collections
were made during the period 20 August 1962 to
11 January 1963.

Climate and season
The specimens included in Studies 1, 2 and 3 were

collected during all seasons, but from areas having
an equable, cool climate throughout the year.
Study 4 was conducted in a hotter area. Part of the
material was collected during a fairly hot autumn
and the remainder during a mild winter.

Grading of smears and cultures
The positive smears (except those in Study 3) were

graded as follows:
(+) = 1-3 bacilli in whole smear after a search of

at least 10 minutes.
+ = 1-5 bacilli in most fields.

+ + = More than 5 bacilli in most fields.
+ ++ = Masses of bacilli in most fields.

The same notation was used for the findings of
both fluorescence microscopy and the Ziehl-Neelsen
method.

In Study 3 the grading of positive smears was as
follows:
<50 = Actual number stated.
+ = ! 50 bacilli.

++ = Masses of bacilli.
Positive cultures were classified as follows:
<20 = Actual number of colonies stated.
+ = 20-100 colonies

++ = More than 100 discrete colonies.
+++ = Confluent growth.

FINDINGS

Examination ofgroups ofsputa after different intervals
The main purpose of analysing the data according

to interval between collection of sputum and
laboratory examination is to determine the extent to
which culture results are influenced by the length of
this interval. If by chance the specimens cultured
after longer intervals include more positives, any
deterioration due to time-lag will not be brought out

by the analysis. If, on the other hand, these speci-
mens include fewer positives, it may be wrongly
deduced that time-lag has an adverse effect on the
specimens. In order to study this " sampling effect ",
the percentage positive on microscopy after different
intervals between collection and examination (Table
1) can be used, since the length of interval can have
no effect on the results of direct microscopy, in
which both dead and living acid-fast bacilli are
taken into account in classifying positive smears.
The percentage positive on direct smear was very

similar in the first two studies, indicating that the
groups of smears examined after different intervals
did not differ much with respect to the proportion of
positive specimens. In Study 3, the smears examined
after 1-2 days included a smaller proportion of
positive specimens than those examined after 3-4
days, but the difference fell just short of statistical
significance. In Study 4 the percentage positive
tended to increase with lengthening interval among
specimens from treated cases and to decrease among
those from untreated cases. This effect should be
kept in mind when interpreting the culture results
for Study 4.

Effect of length of interval between collection and
inoculation of culture on culture results

Table 2 gives the percentage positive on culture
after different intervals between collection and
inoculation of culture for each of the four studies.

In Studies 1 and 2, in which the specimens were
transported in an insulated box with an ice container,
the length of interval between collection and culture
did not affect the percentage of positive cultures.
In Study 3, however, the cultures examined after
1-2 days included a significantly lower proportion of
positives than those examined after 3-4 days. In
Study 4, there was little difference in the percentage
positive among specimens from treated cases, but
those from untreated cases showed a smaller pro-
portion of positive cultures with lengthening interval
between collection and inoculation of culture.
However, this decrease from one interval to the next
was not statistically significant. Further, it is
interesting to note that in both these instances in
which larger differences were observed, the per-
centage of positive cultures after the three intervals
showed the same type of variation as the percentage
of positive direct smears (see Table 1). This indicates
that the differences observed were due to the samp-
ling effect explained earlier. Thus there is no evidence
to show that the length of interval between collection

8
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TABLE 1
NUMBER OF DIRECT SMEARS EXAMINED AND PERCENTAGE POSITIVE, ACCORDING TO INTERVAL

BETWEEN COLLECTION AND EXAMINATION a

Direct- Interval between collection and examination
Study smear 1-2 days 3-4 days 5 or more days Total interval
No. Type of collection tech-_b

nqe No. read % No. read % No. read %. No. read %
positive positive positive positive

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11 )

Spot ZN 3553 1.2 2814 1.2 550 1.6 6917 1.2

F 3 553 1.4 2 814 1.2 550 1.6 6 917 1.3

1 Overnight ZN 4 209 1.1 1 793 2.2 210 1.4 6 212 1.4

F 4 209 1.2 1 793 1.9 210 1.9 6 212 1.4

Spot F 1 475 2.5 1 014 2.1 233 1.7 2 723 2.3
2

Overnight F 945 2.8 1 032 3.5 183 2.7 2 160 3.1

3 Spot ZN 386 9.6 382 13.4 381 10.2 1 149 11.1

From treated cases ZN 24 12.5 103 23.3 47 36.2 174 25.3

F 24 16.7 103 30.1 47 38.3 174 30.5
4 From untreated

cases ZN 22 72.7 62 50.0 87 50.6 171 53.2

F 22 77.3 62 61.3 87 51.7 171 58.5

a Direct-smear examination and inoculation of culture slopes were done on the same day.
b ZN = Ziehl-Neelsen.
F = fluorescence.

TABLE 2

NUMBER OF CULTURES READ AND PERCENTAGE POSITIVE, ACCORDING TO INTERVAL
BETWEEN COLLECTION AND INOCULATION OF CULTURE

Interval between collection and inoculation of culture
Study Type of collection 1-2 days 3-4 days 5 or more days Total interval

No. read % positive No. read % positive No. read % positive No. read % positive
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Spot 3 548 2.1 2 814 2.3 550 2.9 6 912 2.3

Overnight 4 193 2.7 1 786 2.9 210 2.4 6 189 2.7

Spot 1 475 3.8 1 014 3.2 233 3.0 2 722 3.5
2

Overnight 945 3.9 1 032 4.1 183 4.3 2 160 4.0

3 Spot 383 9.4 382 14.1 380 10.3 1 145 11.3

From treated cases 24 33.3 103 32.0 47 38.3 174 33.9
4

From untreated
cases 22 81.8 62 61.3 87 52.9 171 59.6
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and culture (from 1 to 7 days) has any effect on the
detection of sputum-positive cases by culture-even
in Studies 3 and 4, in which specimens were trans-
ported without refrigeration. The need for such
refrigeration is thus open to doubt.

Influence ofpreliminary screening on case yield
The percentage of positive direct smears (Table 1)

and the percentage of positive cultures (Table 2)
showed wide variations between the studies. These
percentages were affected by the method employed
to select persons for the collection of sputum. In the
case-finding examinations (Studies 1, 2 and 3) the
lowest yield of positive specimens was from survey
material, and the highest from the Bangalore District
Programme, in which only those persons who came
to the dispensary with symptoms such as prolonged
cough were examined. Among the already diagnosed
cases in Anantapur (Study 4) the percentages positive
on smear and culture were much higher, particularly
among the untreated cases.

Studies 1 and 2 were aimed at detecting the largest
possible number of sputum-positive cases in the
community. In Study 1, all those aged 5 years and
over who showed any type of abnormality in the
X-ray were eligible for sputum collection. In
Study 2, sputum was collected from persons aged
20 years and over with symptoms of pulmonary
tuberculosis and from positive tuberculin reactors
under 20 years of age. A comparison of the per-
centages of positive smears in these two studies (see
Table 1) shows that a higher case yield may be
obtainable when persons are screened by symptoms,
as in Study 2. In Table 2 it can be seen that the
percentage of positive cultures is also higher in
Study 2 than in Study 1. However, this does not
take into account variations in the prevalence of the
disease in the two areas, the proportion of sputum-
positive cases detected in the community, and the
more sensitive culture method used in Study 1.
Nevertheless, the results do suggest that sputum
examination of persons with tuberculosis symptoms
among those with normal X-ray findings may be
advantageous in tuberculosis surveys. A clear
answer to this question can only be obtained from a
study in which both types of screening method are
used in the same area.

Influence of type ofsputum collection

The method of collecting sputum specimens may
influence the yield of sputum-positive cases in mass
case-finding surveys. In Studies 1 and 2 both spot and

overnight collections of sputa were made. The last
columns of Tables 1 and 2 show that the yields from
microscopy and culture were consistently greater for
the overnight collection; but the differences were not
statistically significant.

Contamination ofculture at different intervals between
collection and inoculation of culture

Table 3 shows the number and percentage of
cultures contaminated, according to the interval
between collection and inoculation of culture, in the
four studies. The percentage contaminated did not
increase with lengthening interval in Studies 1, 2 and
3. In Study 4 some deterioration was observed,
particularly among the treated cases, but the numbers
were too small to permit reliable conclusions to be
drawn. Thus an interval of up to 7 days may not
adversely influence the contamination rate, even
when the specimens are transported in boxes without
an ice container. Raj Narain et al. (1963) reported
that in their study of 931 contaminated cultures,
neither the interval (1-13 days) between collection
and inoculation of the culture nor seasonal vari-
ations affected the contamination rate.
The contamination rate was consistently higher for

overnight specimens in both Studies 1 and 2, the
only exception being those cultured after 3-4 days
in Study 2. These differences were statistically
significant for the total material from Studies 1 and
2 and for specimens examined after 1-2 days in
Study 2. Thus the type of collection is an operational
factor influencing the contamination rate. Probably
if more emphasis were given to proper instructions
on how to collect and preserve overnight sputum the
contamination rate could be reduced.
The last column of Table 3 shows that the per-

centage of contaminated cultures was significantly
greater in Study 1 than in Study 2, for both types of
collection. The same trend was apparent for
cultures inoculated 1-2 days and 3-4 days after
collection, the difference being statistically signi-
ficant, except for overnight specimens examined after
1-2 days. For the longest interval of 5 days or more,
Study 2 shows a higher contamination rate, but the
differences were not statistically significant.
The higher contamination rate observed in

Study 1 is possibly due to the effect of centrifugation
on those contaminants surviving the process of
decontamination with 4% sodium hydroxide. In
Studies 2, 3 and 4 there is no such effect, since the
technique of sputum swab culture was employed.
The comparatively higher rate of contamination

593



K. P. RAO AND OTHERS

TABLE 3
PERCENTAGE OF CONTAMINATED CULTURES, ACCORDING TO INTERVAL BETWEEN COLLECTION

AND INOCULATION OF CULTURE

Interval between collection and inoculation of culture

Study 1-2 days 3-4 days 5 or more days Total interval
No. Type of collection

cutltue contami-
Ttl contami-

Ttl
contami- cutltue contami-culturd |nated cultured nated cultured nated cultued nated

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)

Spot 3548 4.1 2 814 4.1 550 2.4 6912 4.0

Overnight 4193 5.9 1 786 4.3 210 3.3 6 189 5.3

Spot 1 475 2.1 1 014 2.6 233 3.4 2 722 2.4
2

Overnight 945 5.1 1 032 2.0 183 3.8 2 160 3.5

3 Spot 383 6.3 382 5.5 380 7.4 1145 6.4

From treated cases 24 - 103 - 47 12.8 174 3.5
4

From untreated
cases 22 62 1.6 87 5.7 171 3.5

observed in Study 3 was, perhaps, due to the pre-
sence of extraneous contaminants in specimens
collected in waxed cartons without proper screw-on
lids and kept exposed for long periods in the peri-
pheral health facilities before examination. Another
possible factor is that in Study 3 spot specimens were
collected by semi-skilled staff who had had only a
short period of training, whereas in all other studies
collection was carried out by NTI-trained staff.
Thus, from the point of view of preventing the
occurrence of extraneous contaminants, the spot
collections in Study 3 may not differ qualitatively
from the overnight collections. This again empha-
sizes the importance of strict adherence to proper
techniques for the collection of specimens.

Influence of length of interval between collection and
inoculation of culture on number of cases detected
by culture only
One important contribution of examination by

culture consists in the detection of some sputum-
positive cases not demonstrable by microscopy. To
study this effect, the number of cultures done and the
percentage positive among them that were negative
on direct smear, for different intervals between
collection and inoculation of culture, are shown in
Table 4.

In Studies 1 and 2, in which an insulated box with
an ice container was used to transport specimens, the

percentage positive on culture only was substantially
the same, except for overnight specimens in Study 1,
for which the results of examination after 5 or more
days differed significantly from those after 1-2 days.
In Studies 3 and I larger differences were observed
between the results obtained after each interval, but
these were not statistically significant.
Another method of comparison would be to

examine the increased yield from culture over that
from direct microscopy, for the same individuals,
and for different intervals between collection and
inoculation of culture. When specimens positive on
culture only are expressed as a percentage of those
positive on direct smear, the differences revealed by
such a comparison are significant only for overnight
specimens in Study 1. The reason for this stray
significant result is not clear. Though the differences
between the percentages for treated cases in Study 4
are large, they are not statistically significant,
probably because of the smaller numbers involved.
Even if the differences were real, it should be
remembered that among these cases the percentage
positive on direct smear was higher among specimens
examined after longer intervals (see Table 1). Conse-
quently, these can be assumed to include more
advanced cases, among whom positives by culture
only will be less numerous, as is pointed out in the
discussion of Table 9 (see page 599), and this would
most probably account for the differences observed.
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TABLE 4
PERCENTAGE OF SPECIMENS POSITIVE ON CULTURE ONLY, ACCORDING TO INTERVAL

BETWEEN COLLECTION AND INOCULATION OF CULTURE

Interval between collection and Inoculation of culture

Direct- 1-2 days 3-4 days 5 or more days Total Interval
Study Type of collection techr

nique a Total positive Total positive Total positive Total positive
cultured on cultured on cultured on cultured on is

culture culture culture culture
only only only only

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Spot ZN 3548 1.3 2814 1.4 550 1.6 6912 1.3

F 3 548 1.2 2 814 1.2 550 1.3 6 912 1.2
1

Overnight ZN 4193 1.8 1 786 1.3 210 0.9 6189 1.7

F 4193 1.7 1 786 1.2 210 0.5 6189 1.5

Spot F 1 475 1.4 1 014 1.3 233 1.3 2 722 1.4
2

Overnight F 945 1.4 1 032 0.8 183 1.6 2160 1.1

3 Spot ZN 383 1.6 382 2.9 380 1.6 1145 2.0

From treated cases ZN 24 20.8 103 8.7 47 4.3 174 9.2

F 24 16.7 103 2.9 47 2.1 174 4.6
4 From untreated

cases ZN 22 9.1 62 12.9 87 3.4 171 7.6

F 22 4.5 62 3.2 87 2.3 171 2.9

a ZN = ZiehI-Neelsen.
F - fluorescence.

Thus the contribution to the yield of sputum-
positive specimens by culture examination was not
generally influenced by the length of interval between
collection and inoculation of the culture. This is in
conformity with the finding demonstrated in Table 2
that the total yield obtained by the culture method
was not influenced by the length of this interval.

Influence of lengthl of interval between collection and
inoculation ofculture on viability
En the absence of any knowledge of the numbers

of bacilli present at collection and at the time of
examination no direct study of the influence of
length of interval on viability could be made.
However, some indirect evidence can be obtained by
comparing the degree of positivity of cultures
ascertained at different intervals after collection (see
Appendix Table).
The proportion of specimens with lower degrees of

positivity did not increase with lengthening interval
between collection and inoculation of culture, as one
would except if there were loss in viability. Column 11

of the Appendix Table shows that, among those
specimens positive on culture only, a large propor-
tion (about 50%/) contained a smaller number of
bacilli. Even among this group, the proportion with
a lower degree of positivity did not increase with
lengthening interval (columns 7-9), indicating that
length of interval did not appreciably influence
the viability of the organisms. Similar results were
observed even in Studies 3 and 4, in which specimens
were transported without refrigeration.

Other indirect evidence can be obtained by con-
sidering the confirmation by culture of direct
smears with 1-3 bacilli (" scanty " positive). If there
is loss of viability, the percentages of these smears
that are found positive on culture will become
smaller as the interval between collection and
inoculation of culture lengthens. The relevant data
are given in Table 5.
The percentage confirmed by culture does not, in

fact, decrease with lengthening interval. These
results confirm the findings in the Appendix Table
demonstrating that there is no evidence to indicate
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TABLE 5
NUMBER OF SCANTY POSITIVE a DIRECT SMEARS AND PERCENTAGE CONFIRMED BY CULTURE,

ACCORDING TO INTERVAL BETWEEN COLLECTION AND INOCULATION OF CULTURE

Type of collection

(2)

Spot

Overnight

Spot

Overnight

Spot

From treated cases

From untreated
cases

Spot

All Overnight
studies

Total

Direct-
smear
tech-
nique b

(3)

ZN

F

ZN

F

F

F

ZN

ZN

ZN

Interval between collection and inoculation of culture

1-2 days

No. of
scanty
+ve
direct
smears

(4)

15

20

19

16

3

2

2

43

36

79

confirmed
by

culture

(5)

46.7

30.0

47.4

56.3

100.0

50.0

100.0

100.0

46.5

50.0

48.1

3-4 days

No. of %
scanty confirmed
+ve b

smear culture

(6) (7)

9

4

13

5

2

3

2

3

5

25

21

46

44.4

50.0

23.1

20.0

50.0

66.7

50.0

100.0

100.0

64.0

28.6

47.8

5 or more days

No. of %
scanty confirmed

te bysmear culture

(8) (9)

5

1

1

2

8

17

18

60.0

100.0

100.0

100.0

87.5

76.5

100.0

77.8

a 1-3 bacilli in whole smear after search for at least 10 minutes.
b ZN = Ziehl-Neelsen.

F = fluorescence.

any serious loss of viability when the interval
between collection and inoculation of culture is up
to 7 days.

Influence of length of interval between collection and
inoculation of culture on confirmation by culture of
positive direct smears

Another valuable contribution of the culture
method consists in the confirmation of positive
direct smears. This aspect is of considerable
importance in the elimination of false positives.
The possible influence of the length of interval
between collection and culture on this function of
the culture method is examined in Table 6. No
adverse effect was observed in specimens cultured
after longer intervals in any of these studies. The
number of specimens available was rather small,
especially in the case of the group cultured after an

interval of 5 days or more. This finding is also in
conformity with the results shown in Table 2.

It will be observed from Table 6 (column 11) that
the percentage of positive direct smears confirmed by
culture is less in Studies 1 and 3. To examine this
further, the numbers confirmed and not confirmed by
culture among the scanty positive smears, and
other smears with higher grades of positivity, are

shown in Table 7. It will be observed that the
percentage confirmed by culture was generally
smaller among the scanty positive smears. Thus,
in Study 1 at least, the scanty positive smears

may account for the lower rate of confirmation of
positive direct smears. This may be due to loss of
viability among scanty positive smears to an extent
not demonstrable by culture. But Table 5 and
the Appendix Table show that there is no appreciable
loss of viability with lengthening interval between

Total interval
Study
No.

(1)

2

3

4

No. of
scanty
+ve
direct
smears

(10)

29

25

32

22

5

4

5

6

15

85

58

143

confirmed
by

culture

(11)

48.3

36.0

37.5

50.0

80.0

50.0

40.0

100.0

93.3

57.6

43.1

51.7
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TABLE 6
NUMBER OF POSITIVE DIRECT SMEARS AND PERCENTAGE CONFIRMED BY CULTURE,
ACCORDING TO INTERVAL BETWEEN COLLECTION AND INOCULATION OF CULTURE

Interval between collection and inoculation of culture

Direct- 1-2 days 3-4 days 5 or more days Total interval
Study Type of collection smear Total % Total , Total Total
No. tech- no of 'O no,of '% no, of % n.onique a v confirmed confirmed +°ve confirmed +ve confirmed

direct culture direct culture smears culture direct culture

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

Spot ZN 42 71.4 33 81.8 9 77.8 84 76.1

F 49 69.4 34 94.1 9 100.00 92 81.5

Overnight ZN 48 75.0 39 69.2 3 100.0 90 73.3

F 51 80.4 34 85.3 4 100.0 89 83.1

Spot F 37 94.6 21 90.5 4 100.0 62 93.5
2

Overnight F 26 92.3 36 94.4 5 100.0 67 94.0

3 Spot ZN 37 81.1 51 84.3 39 84.6 127 83.5

From treated cases ZN 3 100.0 24 100.0 17 94.1 44 97.7

F 4 100.0 31 96.8 18 94.4 53 96.2

From untreated ZN 16 100.0 31 96.8 44 97.7 91 97.8
cases

F 17 100.0 38 94.7 45 97.8 100 97.0

a ZN = Ziehi-Neelsen.
F = fluorescence.

TABLE 7
NUMBER OF SCANTY POSITIVE DIRECT SMEARS AND OF SMEARS WITH HIGHER GRADES OF POSITIVITY

IN STUDIES I AND 3 CONFIRMED AND NOT CONFIRMED BY CULTURE

Study 1 Study 3

Spot collection Overnight collection Spot collection

Findings ZN a F b ZN a F b ZN a

Scanty Other Scanty Other Scanty Other Scanty Other Scanty Other
+ve +ve +ve +ve +ve +ve +ve +ve +ve +ve
direct direct direct direct direct direct direct direct direct direct
smears smears smears smears smears smears smears smears smears smears

Confirmed by culture 14 50 9 66 12 54 11 63 3 103

Not confirmed by
culture 15 5 16 1 20 4 11 4 2 19

Cultures contaminated
(in the above two
groups) 1 - - - 2 - 3 1 1 9

a ZiehI-Neelsen technique.
b Fluorescence technique.
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collection and culture for specimens with fewer
bacilli (see page 595). The real reason may be that a
large proportion of the scanty positive smears may
be false positives. This aspect is now under study
and will be reported on later.
Table 7 also shows that some smears with higher

degrees of positivity were not confirmed by culture.
This was particularly noticeable in Study 3, in which
9 out of 19 such specimens gave a contaminated
culture. Even after excluding contaminated cultures,
there was still an appreciable number of smears not
confirmed by culture. The distribution of these
specimens according to intervals between collection
and inoculation of culture is shown in Table 8.

It will be observed that this phenomenon is not
attributable to loss of viability with lengthening
interval between collection and culture. An alterna-
tive explanation is that loss of viability is caused by
the presence of chemotherapeutic drugs in the
specimens collected from persons undergoing treat-
ment.

Other factors influencing the yield ofpositive results
from culture

Method ofselection for sputum examination. It has
been shown in preceding sections that the length of
interval between collection and culture is not an
important factor influencing the yield of positive
results from the culture method. The variations
between studies have also indicated that some
operational factors are much more important in this
respect. Some idea of the role of these factors can be
obtained from Table 9.
Column 6 of the table shows that the additional

yield from culture 1 was highest (52 %-60 Y.) in
Study 1, in which all persons aged 5 years and over
with any type of X-ray abnormality were referred for
sputum collection. In Study 2, in which all persons
aged 20 years and over with symptoms such as
prolonged cough or chest pain were referred for

1 Specimens positive on culture only are expressed as a
percentage of total culture-positive specimens. This method
is preferred to that of calculating the additional percentage in
relation to the percentage positive on direct smear, in view of
the limitations of direct microscopy (false positives and false
negatives). According to the second method of calculation,
the false negatives of direct microscopy are added to the
numerator and subtracted from the denominator, thereby
considerably exaggerating the real effect. Since the false
positives of direct microscopy are added to the denominator,
the additional yield of positive results obtained by the culture
method tends to be underestimated. Both these defects are
eliminated in the method used in this paper to calculate the
additional yield from culture.

sputum examination, the yield was less but still
substantial (28%-39%). In the Bangalore District
Programme (Study 3), in which sputum was collected
from persons with suspected tuberculosis among
patients reporting to health facilities, it was only
about 18%. Among cases already diagnosed but
untreated (Study 4) the yield was still lower (5%-
13 %), but among treated cases it increased to 27 %.
Thus the additional yield of positive results ob-
tainable by culture depends upon the method of
screening for sputum examination. Examination by
culture is more advantageous with screening methods
that presumably yield cases in earlier stages of the
disease.

Microscopy techniques. The relative efficiency of
microscopy techniques influences the estimation of
the additional yield of positive results obtainable by
culture. In Studies 1 and 4, in which two methods
were used, the percentage positive on culture only
(Table 4, column 11) and the percentage of positives
added by culture to the yield from microscopy
(Table 9, column 6) were consistently higher for the
Ziehl-Neelsen technique, but the differences were
not statistically significant. This indicates that
fluorescence microscopy may be superior to the
Ziehl-Neelsen method.

Resistance to antituberculosis drugs. Table 10
shows the percentage positive on culture only,
separately for specimens sensitive and those resistant
to any of the three major antituberculosis drugs-
isoniazid, streptomycin and PAS. The total number
of specimens tested for sensitivity at different inter-
vals was too small to give a reliable picture of the
effect of length of interval between collection and
inoculation of culture. However, specimens from
resistant cases found positive on culture only were
generally fewer with lengthening interval. In view of
the implications of such a finding a similar analysis
was carried out with specimens from 746 resistant
cases. This showed that the percentage positive on
culture only did not vary much for intervals of 0, 1,
2, 3 and 4 days between collection and inoculation
of culture.
The last column of Table 10 shows an interesting

finding. In Studies 1 and 2, the percentage positive
on culture only was lower for specimens from
resistant cases. In Study 3 the percentage was nearly
equal for specimens from sensitive and from resistant
cases. There was no clear pattern for Study 4. If the
results for spot collections in Studies 1, 3 and 4 are
combined, the percentage of positives added by



UTILITY OF CULTURE EXAMINATION IN DIAGNOSIS OF PULMONARY TUBERCULOSIS

TABLE 8
NUMBER OF DIRECT SMEARS WITH HIGHER DEGREES OF POSITIVITY NOT CONFIRMED
BY CULTURE, ACCORDING TO INTERVAL BETWEEN COLLECTION AND INOCULATION

OF CULTURE

J Interval between collection and Inoculation
Study Type Direct-smear of culture
No. of collection technique a 1 or more Toaiteal

I ~~~~1-2 days 3-4 days days Interval
(1) (2) (3) (4) (5) (6) (7)

Spot ZN 4 1 - 5

Overnight ZN 2 2 _ 4

F 3 - -3

3 Spot ZN 3 3 4 10

a ZN = Ziel-Neelsen.
F = fluorescence.

culture to the yield from microscopy using the

Ziehl-Neelsen method comes to 36.4% for specimens
from sensitive cases and 23.3% for those from
resistant cases. For spot collections in Studies 1, 2
and 4, the corresponding percentages added by
culture to the yield from fluorescence microscopy are

37.5% and 14.0% respectively. In both instances,
the percentage of specimens positive on culture only
was significantly smaller for resistant cases. This
may be due to the fact that most of these cases were

advanced and were discharging larger numbers of
tubercle bacilli.

TABLE 9
NUMBER AND PERCENTAGE OF SPECIMENS POSITIVE ON CULTURE ONLY AMONG TOTAL

POSITIVE CULTURES

Total no. Positive on culture onlyStudy Type of collection Direct-smear of positive
No. technique a cultures No. %
(1) (2) (3) (4) (5) (6)

Spot ZN 157 93 59.2

F 157 82 52.2

Overnight ZN 169 103 60.9

F 169 95 56.2

Spot F 95 37 38.9
2

Overnight F 87 24 27.6

3 Spot ZN 129 23 17.8

From treated cases ZN 59 16 27.1

F 59 8 13.6
4

From untreated cases ZN 102 13 12.7

F 102 15 4.9

a ZN = Ziehi-Neelsen.
F = fluorescence.
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TABLE 10
PERCENTAGE POSITIVE ON CULTURE ONLY, ACCORDING TO INTERVAL BETWEEN COLLECTION

AND INOCULATION OF CULTURE AND SENSITIVITY OR RESISTANCEa OF TUBERCLE BACILLI IN SPECIMENS

Interval between collection and inoculation of culture

Direct- Sensi- 1-2 days 3-4 days 5 or more days Total interval
Study Type smear tivity
No. of collection tech- or resist- % +ve % +ve % +ve % +ve

nique b ance Total on Total on Total on Total on
cultured culture cultured culture cultured culture cultured culture

only only only only
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Spot ZN S 66 59.1 53 67.9 14 64.3 133 63.2
R 8 75.0 11 18.2 2 - 21 38.1

F S 66 56.1 53 60.4 14 50.0 133 57.1
R 8 62.5 11 9.1 2 - 21 28.6

Overnight ZN S 93 69.9 43 53.5 3 33.3 139 64.0
R 18 61.1 8 12.5 1 - 27 44.4

F S 93 68.8 43 48.8 3 - 139 61.1
R 18 44.4 8 12.5 1 - 27 33.3

Spot F S 42 38.1 21 52.4 6 33.3 69 42.0
R 5 - 7 14.2 - - 12 8.3

2
Overnight F S 11 72.7 9 44.4 1 100.0 21 61.9

R - - 2 50.0 1 - 3 33.3

Spot ZN S 20 15.0 40 22.5 26 15.4 86 18.6
R 15 26.7 13 7.7 13 15.4 41 17.1

From treated ZN S 1 100.0 5 60.0 6 - 12 33.3
cases R 7 57.1 28 21.4 12 16.7 47 25.5

F S 1 - 5 20.0 6 - 12 8.3
R 7 57.1 28 7.1 12 8.3 47 14.9

4
From un- ZN S 13 15.4 30 20.0 39 5.1 82 12.2
treated cases R 5 - 8 25.0 7 14.3 20 15.0

F S 13 7.7 30 6.7 39 5.1 82 6.1
R 5 - 8 - 7 - 20 -

a To any one of the three drugs, isoniazid, streptomycin and PAS.
b ZN = Ziehl-Neelsen.

F = fluorescence.

DISCUSSION

In judging the relative utility of the culture method
in different practical situations it is extremely
important to consider several operational factors.
These factors can be classified into two groups:

(1) Factors that affect the viability of tubercle
bacilli in the specimen collected, such as transport
and storage, contamination, and the presence of
antituberculosis drugs in the specimen due to current

chemotherapy.

(2) Factors that influence the quantum of viable
bacilli in the specimen at the time of collection,
such as the method of selection for examination,
type of collection (spot or overnight), and previous
chemotherapy.

Transport and storage
Sula, Sundaresan & Langerova (1960) concluded

that " storage, handling, and transport can deteri-
orate the cultivability of tubercle bacilli to such an
extent as to make their culture unrewarding". The
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results of the studies reported here do not show any
such deterioration in cultivability through transport
and storage. The investigation by gula et al. differs
from these studies in two important aspects, as
follows:

(1) The interval between collection and inocula-
tion of culture was 15-18 days, as compared with
1-7 days in the present studies.

(2) More emphasis was given to loss of viability,
whereas the end result (positive or negative) has
been stressed in the present studies. (The material
of Sula et al.-e.g., Appendix Table 1-does not
always show statistically significant end results,
except for very weak suspensions.)

If not today, at least in the near future, adequate
facilities for examination by culture are likely to
become available in most of the developing coun-
tries, and the effect of transport and storage during
shorter intervals will be of greater practical interest.
If cultivability is not diminished during a period of
up to 7 days (as in the present studies) the culture
method could still profitably be used in many
developing countries. It has been reported else-
where that climatic changes and a transport time of
up to 7 days did not influence viability (Hong Kong
Government Tuberculosis Service/British Medical
Research Council, 1964). The effect of transport
conditions could not be studied systematically in the
present investigation. All the studies included
material collected throughout the year, but the
numbers of specimens were not large enough to
study the effect of season. The interval between
collection and examination consists of the time
taken to transport the specimens plus the period
under refrigeration in the laboratory, which could
not be analysed separately. Further, even when
refrigeration was provided during transport, by
means of insulated boxes with ice containers, the
effect was not likely to last for more than 24 hours.
Moreover, all specimens, irrespective of whether
they were transported in insulated boxes, were
placed in a refrigerator soon after receipt in the
laboratory. Even so, it has been observed in these
studies that refrigeration during transport, of the
type used and for the short periods involved, may
be of no value. This observation is of such great
practical importance that it would be worth while to
study the question more systematically. Transport
without refrigeration under different climatic condi-
tions and for varying intervals may have to be

investigated under the conditions obtaining in
India.

Contamination

Adequate refrigeration may not be possible during
the transportation of specimens and in its absence
favourable conditions may be created for the
multiplication of fast-growing concomitant bacterial
flora. A higher contamination rate was not observed
with lengthening interval between collection and
culture, in spite of the fact that in Study 3 the
specimens were kept at room temperature in peri-
pheral health facilities and were transported to the
main laboratory without refrigeration. However,
contamination was uniformly more frequent in
overnight specimens than in spot specimens. These
findings show that contamination is introduced at the
time of collection and that there is no deterioration
of specimens in this respect when transport and
storage occupy a period of up to 7 days. Sources of
contamination can be broadly classified into (1) con-
comitant bacterial flora in the pathological speci-
mens, and (2) extraneous bacterial flora appearing at
the time of collection under unfavourable environ-
ments. Such extraneous contaminants are more
frequent in overnight specimens, and, since they are
predominantly spores and fungi, are possibly more
resistant to the pre-culture treatment of specimens,
and are more prejudicial to efforts to obtain the
maximum yield of positive cultures. Utmost care
should therefore be exercised in the technique of
collecting specimens for culture.

Type of collection
Overnight specimens showed a uniformly higher

percentage of positives by both microscopy and
culture in Studies 1 and 2, in which both types of
collection were made-despite the higher contamina-
tion rate observed for overnight specimens. With a
reduction in contamination, overnight specimens are
likely to give an even larger number of positive
cultures and thus be definitely superior to spot
specimens in case-finding programmes, if their
collection is operationally feasible. Since the type
of collection influences the yield from direct micro-
scopy also, the use of results obtained with direct
microscopy for international comparability of
tuberculosis morbidity, as suggested by Styblo
(1964), must be modified to take this factor into
account. Further, from comparisons of results
obtained with microscopy using the Ziehl-Neelsen
method and those obtained with fluorescence micro-
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scopy,' it is felt that the international comparability
of findings based on direct microscopy may be
affected by the difference in efficiency of the two
techniques.

Effect of method of selection for sputum examination

The most important factor affecting the relative
utility of the culture method is the procedure used
to select persons for sputum examination. Where
the procedure adopted is liberal in scope and con-
sequently may include a larger proportion of early
cases (which presumably excrete fewer bacilli), the
additional yield of positive results on examination by
culture is very high. Among highly selective groups,
such as those diagnosed as tuberculosis cases, the
culture method is unrewarding. These findings are
in conformity with those reported by Styblo (1964).
He observed 22% of cases positive on microscopy
during a preventive investigation and 46% in
investigations on account of symptoms. The pro-
portion of cases positive on microscopy was larger in
the present studies, for all methods of preliminary
selection: 39 %-48 % in Study 1, 61 %-72 % in Study 2,
81 % in Study 3 and 73 %-86 % and 87 %-95 %,
respectively, among treated and untreated cases in
Study 4. It is possible that in both types of investiga-
tion reported by Styblo the cases were at an earlier
stage of disease than could be expected under con-
ditions in South India.
The above results lead to two important con-

clusions. In tuberculosis service programmes cover-
ing persons who show symptoms of the disease the
introduction of the culture method for case detection
is unrewarding. This justifies limiting the method of

1 The relevant data are available at the NTI, and are to
be the subject of a separate report.

sputum examination to direct microscopy in the
initial case-finding activities of a tuberculosis service
covering a population in which a high proportion of
the cases detected are likely to be in an advanced
stage of the disease. But for the bacteriological
examination of persons who are likely to excrete
fewer bacilli, the culture method becomes invaluable.
In the context of the National Tuberculosis Control
Programme in India, use of the culture method is
important, at least in the following situations:

(1) Evaluation of the programme.
(2) Change of drug regimen consequent on change

in the bacteriological status of the patient.
(3) Further evolution of the programme aimed at

detecting early cases of tuberculosis in order to
effect control of the disease.

In order to introduce this method in the near
future it will be necessary to establish centres for
culture examination so that specimens can be
examined within one week of collection. Provided
that the transport of specimens without refrigeration
under different climatic conditions does not detract
from the value of the culture method, these centres
can effectively deal with all the three situations
mentioned above by getting specimens from rural
health facilities. On the other hand, if transport
without refrigeration is harmful, or if long intervals
between collection and examination, even when the
specimens are refrigerated, adversely affect the end
results of culture, simpler methods may have to be
found for areas that are remote from the centres for
culture examination. The search for simpler
methods, as suggested by gula, Sundaresan & Lan-
gerova (1960), is in any event worth while, in view
of the enormous practical advantages of such
methods in the developing countries.
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RESUMIE

Tout en reconnaissant la supriorit6 des cultures sur
1'examen microscopique direct pour le diagnostic de

laboratoire de la tuberculose pulmonaire, les auteurs ont
voulu 6valuer leur utilit6 relative au cours de diff6rents
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programmes antituberculeux. Cette etude a 6t6 effectu6e
A l'occasion d'une s6rie de quatre enquetes men6es en
Inde par l'Institut national de la Tuberculose.
Au cours de la premiere, deux echantillons de crachats

ont ete recueillis A 24-48 h d'intervalle chez des personnes
ag6es de 5 ans ou plus pr6sentant des opacites anormales
A la radiographie. Lors de la deuxieme, visant au d6pis-
tage de la tuberculose dans une collectivit6, les pr6leve-
ments ont ete effectues chez les sujets ages de 20 ans ou
plus suspects de tuberculose pulmonaire, ainsi que chez
les sujets tuberculino-positifs de moins de 20 ans, se
pr6sentant spontan6ment A la consultation. A l'occasion
de la troisieme enquete, on a compare les r6sultats fournis
par l'examen direct et par les cultures d'6chantillons
pr6lev6s chez tous les sujets suspects de tuberculose
pulmonaire presents aux consultations. Enfin la quatrieme
a permis de v6rifier la valeur des cultures pour 6valuer les
r6sultats de la lutte antituberculeuse dans un district:
ici, les pr6levements ont 6t6 faits chez des malades apres
un traitement de duree variable, ainsi que chez des
patients non trait6s. Dans chaque cas, les 6chantillons ont
6t6 achemin6s au laboratoire dans les conditions locales
de conservation et de transport, le d6lai entre le pr6l6ve-
ment et la mise en culture variant de 1 A 7 jours. Tous les
specimens ont 6t6 soumis 6galement a un examen micros-
copique direct.
Le pourcentage des cas d6cel6s uniquement par cultures,

maximal pendant la premiere enquete (52 %-60%), a
d6cru progressivement lors des investigations 2, 3 et 4
(respectivement 28 %-39 %, 18% et 5 %-13 y). La supe-
riorit6 de la m6thode semble donc d6pendre du mode de
selection des cas et s'affirme particulierement nette
lorsque les sujets examines pr6sentent des stades pr6coces
de la maladie. Cet avantage n'est pas influenc6 d6favora-
blement par la dur6e de l'intervalle s6parant le pr6leve-
ment et la mise en culture du bacille dont la viabilit6 n'est
pas alt6r6e. Ce dMlai n'affecte pas le nombre total de
cultures positives, ne diminue pas la proportion des
confirmations par culture en cas d'6chantillons faible-
ment positifs A l'examen direct, et n'augmente pas le
nombre des cultures faiblement positives. Le taux de
contamination des cultures, s'il s'est av6r6 ind6pendant
du dilai 6coul6 avant l'ensemencement, a en revanche ete
influenc6 par les techniques de prelevement. Ces demrieres
ont 6galement determin6 la qualite des r6sultats fournis
par les examens microscopiques directs.
Pour les auteurs, la m6thode par culture acquiert tout

son int6ret lorsqu'il s'agit d'6valuer les r6sultats d'un
programme antituberculeux, de modifier un sch6ma de
traitement en fonction des donnees bact6riologiques et de
d6pister les formes pr6coces de la tuberculose pulmo-
naire. Ils soulignent la n6cessit6 de d6finir des methodes
simples de traitement des 6chantillons applicables sur le
terrain dans des conditions climatiques tres diverses.
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APPENDIX TABLE
DISTRIBUTION OF POSITIVE CULTURES ACCORDING TO DEGREE OF POSITIVITY AND INTERVAL

BETWEEN COLLECTION AND INOCULATION OF CULTURE (SPOT SPECIMENS ONLY)

Direct- All positive cultures Positive on culture only +ve direct -ve directStudy smear Degree of smears/ smears/
No. technique positivity 1-2 3-4 5 or more 1-2 3-4 5 or more +ve +ve

days days days days days days cultures cultures
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)

< 20 colonies 26 21 4 25 20 4 2 49
(34.2) a (32.3) (25.0) (54.3) (52.6) (44.4) (3.1) (52.7)

+ 20 14 4 16 12 2 8 30
Ziehl- (26.3) (21.5) (25.0) (34.7) (31.6) (22.2) (12.5) (32.3)Neelsen ++ 10 15 6 2 5 3 21 10

(13.2) (23.1) (37.5) (4.3) (13.2) (33.3) (32.8) (10.8)
+++ 20 15 2 3 1 _ 33 4

(26.3) (23.1) (12.5) (6.5) (2.6) - (51.5) (4.3)

Total 76 65 16 46 38 9 64 93

Fluor-
escence

< 20 colonies

+

++

26
(34.2)
20
(26.3)
10
(13.2)
20
(26.3)

21
(32.3)
14
(21.5)
15
(23.1)
15
(23.1)

I ____ - __________I___I
Total 76 65

4
(25.0)
4

(25.0)
6

(37.5)
2

(12.5)

16

25
(59.5)
14
(33.3)

3
(7.1)

42
I. l1

Fluor-
escence

Total

3Zieh-

Neelsen

Total

Ziehl-
Neelsen

< 20 colonies

++

+++

< 20 colonies

+

++

< 20 colonies

13
(23.2)
20
(35.7)
15
(26.8)
8

(14.3)

56

7

(19.4)
4

(11.1)
21
(58.3)
4

(11.1)

8
(25.0)
18
(56.3)
5

(15.6)
1
(3.1)

32

12
(22.2)
12
(22.2)
24
(44.4)
6

(11.1)

36 54

5
(19.2)
8

(30.8)
9

(34.6)
4

(15.4)

10
(14.1)
19
(26.8)
17
(23.9)
25
(35.2)

Total

2
(28.6)

2
(28.6)
3

(42.9)

7

8
(20.5)
10
(25.6)
18
(46.1)
3
(7.7)

39

15
(23.4)
22
(34.4)
16
(25.0)
11
(17.2)

26 71 64

.8
(38.1)
11
(52.4)

1
(4.8)
1

(4.8)

21

6
(100.0)

6

3
(42.9)
3

(42.9)
1

(14.3)

7

20
(60.6)
9

(27.3)
3
(9.1)
1

33

6
(46.2)
7

(53.8)

13

7

(63.6)
4

(36.4)

11

5
(29.4)
8

(47.1)
2

(11.8)
2

(11.8)

17

4
(57.1)
2

(28.6)
1

(14.3)

7

2
(66.7)

1
(33.3)

3

3
(50.0)
2

(33.3)

1
(16.7)

6

3
(60.0)
2

(40.0)

5

2
(2.7)
13
(17.3)
27
(36.0)
33
(44.0)

75

7

(12.1)
20
(34.5)
20
(34.5)
11
(19.0)

58

11
(10.4)
20
(18.9)
63
(59.4)
12
(11.3)

106

19
(14.4)
36
(27.3),
39
(29.5)
38
(28.8)

132

49
(59.8)
25
(30.5)
4
(4.9)
4
(4.90)

82

16
(43.2)
18
(48.6)
2
(5.4)
1

(2.7)

37

16
(69.6)
6

(26.1)

(4.3)

23

11
(37.9)
13
(44.8)
3

(10.3)
2 i,
(6.9)

29

a The figures in parentheses are percentages of total.
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