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The Long-term Trend in Prevalence of Tuberculosis
Infection in Cyprus*

ANTON GESER 1

Two tuberculin testing surveys have been carried out in schools in Cyprus by WHO
teams, one in 1955 and one in 1963. It happens that three schools in Nicosia were included
in both surveys, thus permitting a direct study of the time-trend in prevalence of tuber-
culosis infection; there are good reasons to believe that the techniques of the two surveys
were sufficiently comparable for this purpose. In the 1955 survey, 42 children were found
to be infected out of the 1532 who were tested and had their reactions read, while, in the
1963 survey, 24 children were found to be infected among 1680. The difference between
the two rates is statistically significant at the 1 % level, and it is concluded that tuberculosis
infection is on the decline in Cyprus.

INTRODUCTION

Tuberculosis is often mentioned as a paradoxical
example of a disease that may become more frequent
as more powerful treatment becomes available, since
treatment -by extending the life-span of the patient
-may permit him to transmit more infection. As
tuberculosis mortality declines, morbidity may rise,
thus reducing the net gain in the use of chemo-
therapy. Optimists, on the other hand, maintain
that, even though chemotherapy may fail in many
cases to make the patient completely non-infectious,
it still reduces the number of bacilli excreted, and
thus actually lowers infectivity. It would appear that
the answer to this controversy must be given in
terms of the effect of treatment on the total amount
of transmiission of infection taking place in the popu-
lation concerned. The trend in the transmission rate
must remain the ultimate measure of the trend in
tuberculosis, since it is from the present pool of
infected persons that future cases arise, and tuber-
culosis can persist unabated in a given population
only as long as the transmission of infection con-
tinues at its present rate.
An opportunity to study the trend in the trans-

mission of tuberculosis infection arose in Cyprus

* This is a report from the Tuberculosis Pilot Project
undertaken by the Ministry of Health, Cyprus, with WHO
and UNICEF assistance. The field work was done by staff
of the Nicosia Chest Clinic, assisted by the WHO team.
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when a WHO/UNICEF-assisted Tuberculosis Pilot
Project was begun there in 1963. One of the first
activities of the project was to undertake a tuberculin-
testing survey in a sample of schoolchildren in order
to establish a base-line against which future changes
in the prevalence of infection might be assessed.
The fact that a WHO team had carried out a tuber-
culin survey in Cyprus in 1955 made it possible to
study the trend in the transmission of tuberculosis
infection during the period between the two surveys.
The tuberculin test is particularly valuable for

epidemiological purposes in Cyprus, chiefly because
non-specific sensitivity to tuberculin is almost
completely absent in the island.2 This kind of
"low-grade" tuberculin sensitivity is prevalent in
many tropical and subtropical countries (Nyboe,
1960), where it greatly complicates the interpreta-
tion of the tuberculin test. Furthermore, BCG-
induced tuberculin allergy is not prevalent in Cyprus,
where BCG vaccination has been limited to a few
well-defined groups, so that it is easy to find popula-
tion samples unaffected by BCG vaccination. The
whole idea of using the tuberculin test to measure
the future trend of the tuberculosis problem in
Cyprus depends on the expectation that-at least
among the younger age-groups-no widespread use
of BCG vaccination will be introduced in the coming
years. Under these circumstances, the prevalence

2 WHO Tuberculosis Research Office (1956) Tuberculin
survey in Cyprus, Copenhagen (unpublished working docu-
ment).
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of tuberculosis infection should provide an ideal
index of the trend of the tuberculosis problem in the
island.

SURVEY POPULATIONS

The 1955 survey was an island-wide investigation,
carried cut mostly in the villages but also in a few
Greek elementary schools in Nicosia in order to
reflect the situation in the urban area. Unfortun-
ately, only 40% of the population in the selected
villages attended the testing. The coverage was
much higher in the Nicosia schools, in which nearly
80% of the eligible pupils completed testing. Since
the heavy self-selection for testing in the villages
may have led to some bias in the composition of
the test group, it was decided to confine the 1963
survey to Nicosia elementary schools, where this
factor obviously played a lesser role. School
attendance is compulsory in Cyprus and practically
all children in Nicosia between the ages of 6 and
12 years attend school, so that these pupils are fully
representative of their age-group. The 1955 testing
in Nicosia was limited to three Greek elementary
schools with a total of 1934 pupils, 1532 of whom
completed testing. These schools were chosen for
the sake of convenience, without any attempt to
secure a representative sample. However, there is
no reason to believe that they were not representative
of the area in which they were located.
The main purpose of the 1963 survey was, as

mentioned above, to provide a base-line of pre-
valence of infection against which future changes
could be assessed. For this purpose, elementary
schools of the Turkish and the Greek communities
in the Nicosia urban area were selected to form a
sample of 4906 children in the age-group 6-13 years.
It so happened that the ten randomly selected Greek
schools included the three that had been surveyed
in 1955. Since it may be considered that the children
attending these schools in 1955 were fully comparable
geographically, ethnically and socially with the
1963 pupils, it was decided to compare the pre-
valence of infection in the two samples in order to
see whether any change had taken place over the
eight-year period. It is this part of the 1963 survey
that is the subject of the present paper, whereas
the entire 1963 survey will be reported elsewhere.

TESTING PROCEDURES

A low dose of tuberculin given intradermally was
used as the sole test in both surveys. The test was

given and read by experienced staff, who followed
the instructions for the WHO standard tuberculin
test (Bull. int. Un. Tuberc., 1962; F. Deck & J. Guld,
1964 1).

Inspection for BCG scar

Although systematic BCG vaccination had not
been carried out in the school classes selected for
the survey, it might have been given to a few children
who had attended the Nicosia Chest Clinic or had
resided abroad; therefore, all the pupils were
examined for the presence of a scar indicating
previous BCG vaccination. Those who had such a
scar were asked how and where they might have
been given BCG vaccine. Whenever the results of
the inspection and the questioning made it appear
likely that BCG had in fact been given, the child
was excluded from the investigation, although the
tuberculin test was still given. As BCG vaccination
had not been used in Cyprus before 1955, a " scar
examination " was not made during the first survey.

Double reading
In the 1963 survey, all reactions were measured

independently by two readers, in order to check
the validity of the readings. The main reader was
the WHO public health nurse. She read all the
reactions, and the analysis of the data is based on
her readings. In addition, all reactions were read
either by the WHO Senior Adviser or by the national
medical officer working with the team. In order to
ensure complete independence during the double
readings, precautions were taken to prevent the
readers from knowing each other's results.

Tuberciulin preparations
Both surveys used PPD solution prepared by the

Statens Seruminstitut, Copenhagen. Batch RT 19-
20-21 in a dosage of 5 TU was used in 1955, whereas
batch RT 23 (with Tween 80) in a dosage of 1 TU
was used in the 1963 survey. The two batches were
prepared according to the same methods, and the
RT 23 was standardized (Guld et al., 1958) so that
1 TU of RT 23 and 5 TU of RT 19-20-21 elicited
reactions of approximately the same size in persons
infected with tubercle bacilli.

Recording
Similar procedures were used in 1955 and in 1963.

An individual card was issued for each examinee.

1 Unpublished working document WHO/TB/Techn.
Guide/3.
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TOTAL ENROLMENT AND NUMBER OF PUPILS EXAMINED IN THREE ELEMENTARY SCHOOLS
(1955 AND 1963 TUBERCULIN SURVEYS)

a Excluding 32 pupils previously given BCG vaccine.

The heading of the card was completed in advance
by the school, giving name, sex, age and grade of each
pupil enrolled, whether present or not on the day of
testing.
During testing, the clerical assistant checked the

name of each child and also recorded that the test
was given. During the reading, the size of any
palpable induration at the site of injection was
recorded in millimetres, but no attempt was made
to classify the reactions as " positive " or " negative ".

FINDINGS

Extent of work and characteristics ofstudy population
The number of children tested and " read ", as

well as the total number of pupils enrolled in the
three schools, are given in the accompanying table,
for both surveys. A total of 1532 pupils completed
testing in 1955 as against 1680 in 1963. The per-
centage of enrolled children who completed testing
was 79.2 in 1955 and 95.3 in 1963.
The sex composition was practically identical for

the two surveys (51.8% males in 1955 and 51.5%
in 1963). Furthermore, there was no sex difference
in the prevalence of infection, and the two sexes are
therefore considered together in this report.
The age range in the two surveys was about the

same, but the age composition was slightly different.

Pattern of tuberculin sensitivity
The distribution by age and sex of the tuberculin

reactions in the 1955 and 1963 surveys is presented
in Appendix Tables 1 and 2, and the size distribu-
tions are shown separately for the two surveys in
Fig. 1. It can be seen from Fig. 1 that both distribu-

tions show a more-or-less bimodal pattern, with a
left-hand group of small reactions under 10 mm in
diameter, and a right-hand group of reactions
measuring more than 10 mm. The striking feature
of this pattern is the rarity of large reactions: only
about 2%. By analogy with the findings of tuber-
culin studies carried out with similar techniques in
other countries (Nyboe, 1960), it is safe to conclude
that the right-hand segment of large reactions
represents persons infected with Mycobacterium
tuberculosis. Consequently, it was decided that, in
the following analysis of infection prevalence, all
children reacting with indurations measuring 10 mm
or more should be classified as " reactors ", whereas
those with smaller indurations should be considered
as " non-reactors ".

Correlations of double readings
As mentioned above, the reactions were read

independently by two readers in the 1963 survey.
The correlation between readers was studied by
plotting each of the two pairs of double readings in
scatter diagrams (Fig. 2 and 3). Fig. 2 and 3 include
all the reactions read in the ten Greek elementary
schools in Nicosia in 1963, whereas the comparison
of prevalence of infection in 1955 and in 1963 was
confined to the three schools included in both
surveys. The correlation between readers was of a
high order, resulting in remarkably close agreement
regarding classification into " positive " and " nega-
tive". Using the 10-mm limit between "reactor"
and "non-reactor", readers 1 and 2 (Fig. 2) dis-
agreed about this classification in only two out of a
total of 1986 readings, and readers 2 and 3 (Fig. 3)
agreed in their classification of " positive " in all
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FIG. I
SIZE DISTRIBUTION OF TUBERCULIN REACTIONS

IN THE 1955 AND 1963 SURVEYS
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their 1047 readings. This close agreement between
readers is of great importance, since any observed
differences in the prevalence of infection between
the two surveys might have been ascribed to the
fact that the same readers were not employed in
1955 and 1963. In view of the high consistency
observed between readers in 1963, and undoubtedly
also prevailing in 1955, it could hardly be argued
that discrepancies between readings were the cause

of any appreciable differences in the proportion of
infected between the two surveys. This close agree-
ment between readers is in marked contrast to what
has been found elsewhere (Nyboe, 1960), and is due

mainly to the absence, in Cyprus, of the disturbing
" non-specific " tuberculin sensitivity, which impairs
the interpretation of tuberculin reactions in many
countries.

Prevalence of infection
Using 10 mm as the lower limit of a " positive"

reaction, the age-specific prevalence of infection
was computed separately for the two surveys, as
shown in Fig. 4. The prevalence of infection was
consistently higher for the 1955 survey, except at
the age of 12 years, for which the total number of
observations was comparatively small. A X2 test
carried out on the unadjusted material revealed that
the over-all prevalence of infection for the age-
group 6-12 years in 1955 (41 infected out of the
1511 who completed testing) was significantly higher
(P<0.01) than the prevalence found in 1963 (23
infected out of 1659 tested).

In order to allow for the difference in age composi-
tion between the 1955 and 1963 samples, an adjust-
ment was made. The age composition of the children
(6-12 years) who completed testing in 1963 was used
as the " standard ", and, when the age-specific
prevalence of the 1955 survey was applied to this
" standard ", the number of infected in 1955 in this
age-range was increased from 41 to 44.0. Using
this adjusted figure, it was found that the difference
between the 1955 and the 1963 surveys was still
significant (P <0.01), showing, for the age-group
6-12 years, a reduction in the prevalence from
2.91 % (adjusted) in 1955 to 1.39% in 1963.

DISCUSSION

After it has been demonstrated that the prevalence
of infection in 1963 is significantly lower than it was
in 1955, the question remains whether this difference
is real, or whether it may be ascribed to lack of
comparability between the two samples or to dif-
ferences in survey techniques. With regard to the
comparability of the 1955 and 1963 samples, it has
been pointed out already that the children tested
in the two surveys attended the same schools and
thus came from the same areas. Since school
attendance has been virtually universal for this
age-group for many years in Nicosia, the two
samples should be fully comparable in respect of all
relevant epidemiological variables. Of course, it
may be argued that living conditions in the areas
concerned have improved between 1955 and 1963;
however, that is one of the factors underlying the
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FIG. 2
CORRELATION OF DOUBLE INDEPENDENT READINGS OF 1 TU TUBERCULIN REACTIONS

IN THE 1963 SURVEY: READERS I AND 2
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trend that is being studied in the present investiga-
tions, and it does not affect the comparability of the
two samples.
With regard to techniques, it must be considered

whether the use of different tuberculins in the two
surveys may have impaired the comparability of the
results. As previously mentioned, the 1955 survey
used PPD RT 19-20-21 in a dosage of 5 TU, whereas
the 1963 survey used 1 TU of RT 23 (with Tween 80).
Both tuberculins were prepared by the same pro-
cedure at the Statens Seruminstitut, Copenhagen,
and standardized so that 1 TU of RT 23 and 5 TU
of RT 19-20-21 should elicit similarly sized reactions
in persons infected with Myco. tuberculosis. How-
ever, subsequent investigations have revealed that
the reactions produced by 1 TU of RT 23 are some-
what softer and weaker than reactions to 5 TU of
RT 19-20-21. It could be postulated, therefore, that
some of the softer reactions induced by the new

tuberculin may have been missed by the reader in
1963, thus showing a false decline in infection pre-
valence. However, a scrutiny of the inter-reader
correlations in Fig. 2 and 3 shows that in no case
did either reader miss a large reaction detected by
the other. It is thus highly improbable that soft
reactions to 1 TU of RT 23 were missed in 1963 to
an extent that might have affected the comparison
of the two surveys.

CONCLUSIONS

The arguments advanced above lead to the con-
clusion that a real decline in the risk of infection
has taken place in Cyprus since 1955, and that
tuberculosis in the island is actually on the decrease.

Thus, at least in Cyprus, the life-prolonging effect
of the new antituberculosis drugs has not led to the
dreaded increase in the transmission of infection.
Of course, it cannot be concluded that the decline

605



A. GESER

FIG. 3
CORRELATION OF DOUBLE INDEPENDENT READINGS OF I TU TUBERCULIN REACTIONS

IN THE 1963 SURVEY: READERS 2 AND 3

FIG. 4

PROPORTION OF TUBERCULIN REACTORS BY AGE
IN THE 1955 AND 1963 SURVEYS

A. 1955 survey; B. 1963 surve).

results from the widespread use of tuberculostatics,
but at least it can be stated that the prevalence of
infection has declined in spite of the use of these
modern drugs. Whatever the cause, it is obvious
that there has been a net gain, and the prevalence
of infection in Cyprus is, in fact, so low now that the
question arises whether tuberculosis is not already
approaching the phase that has been termed " elimi-
nation of tuberculosis as a public-health problem ".
If the WHO definition of "elimination" (1 %
infected at the age of 15 years) were adopted, it
would be possible to conjecture when this situation
might come about in Cyprus. By extrapolating the
age-infection curve in Fig. 4, it may be estimated
that the prevalence of infection at the age of 15 years
was of the order of approximately 6% in 1963. The
estimated decline in infection prevalence between
1955 and 1963 was 52% (from 2.91% to 1.39%).
At this rate of decline, it would take just under
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twenty years for the present level of infection (6 Y. at
age 15) to fall to the elimination level: 1 %.
Another point illustrated by the present investiga-

tion is the value of repeated tuberculin surveys in
demonstrating the trend in the risk of tuberculosis
infection. As shown here, a small sample may be
sufficient to establish the trend, provided that
substantial changes are taking place in the com-
munity. As infection becomes increasingly rare,
larger samples will be required to give precise
estimates of the rate of decline. This points to the
importance of using randomly selected samples that
can be augmented whenever the need arises without
impairing comparability in the course of time.

As regards the composition of the survey popula-
tion, it would appear that the youngest age-groups
constitute the most useful sample, since they reflect
the conditions of transmission prevailing during the
most recent years. In other countries, the age-group
0-4 years has been used as an index of the risk of
infection in the community (Bordia et al., 1960;
Roelsgaard & Nyboe, 1961). However, it is obvious
from the present study that this group would not be
suitable for the same purpose in Cyprus, where the
prevalence of infection at that age is as low as 2 to 4
per thousand, so that a very large sample would be
required in order to follow the trend.

RtSUME'

Deux series d'epreuves tuberculiniques ont ete effec-
tu6es dans des ecoles de Chypre, l'une en 1955, I'autre
en 1963. Trois ecoles de Nicosie (enfants de 6-13 ans)
etaient incluses dans ces deux enquetes. 11 a ete ainsi
possible de se rendre compte de l'evolution de l'infection
tuberculeuse dans une meme collectivite au cours de ces
huit annees. Les deux enquetes etaient tout A fait compa-
rables dans leurs aspects principaux: il n'y a pas de faible
sensibilite A la tuberculine A Chypre, et la vaccination au
BCG n'y est pratiquee qu'a une echelle tres reduite. Les
preparations de tuberculine, bien que n'etant pas iden-
tiques, ont ete standardisees de fa9on qu'elles donnent
des reactions de memes dimensions. Les reactions ont ete
lues selon les normes fixees par l'OMS. Le pourcentage
d'enfants ayant particip6 a toute l'enquete etait de 79,2
en 1955 et de 95,3 en 1963; la composition par age etait
pratiquement la meme dans les deux enquetes.

Parmi les 1532 enfants qui subirent toutes les 6preuves
en 1955, 42 avaient des reactions de 10 mm et plus; en
1963 on en trouve 24 sur 1680. Apres ajustement en
raison d'une legere difference d'age, la prevalence de la
tuberculose etait de 2,91 % en 1955 et de 1,39% en 1963
(P < 0,01).

L'auteur discute F'eventualit6 d'une propagation accrue
de l'infection tuberculeuse, du fait que grace aux medica-
ments tuberculostatiques, les malades restent en vie plus
longtemps. Telle n'est pas la conclusion qui se degage
de l'etude faite 'a Chypre, oui la prevalence s'est reelle-
ment abaissee ces dernieres ann6es, malgre la chimio-
therapie moderne. On peut prevoir, par extrapolation,
que si la tendance actuelle persiste, le niveau de l'infection
tuberculeuse atteindra dans 20-30 ans le niveau d'< elimi-
nation >, correspondant a 1% d'infections 'a l'age de
15 ans.
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APPENDIX TABLE 1
DISTRIBUTION BY AGE AND SIZE OF TUBERCULIN REACTIONS: 1955 SURVEY

Age Induration (mm)
(years) 0-1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 Total

5 - - 1 .---....___.___ ___ 1

6 87 108 16 2 1 - - - - - 1 1 216

7 71 77 15 7 2 - 1 1 - -1 1 - -I - 177

8 107 110 27 4 2 - - 2 - - - - 1 - - - 1 1 - 2 - 1 - - 258

9 112 107 25 11 2 1 - - - - 1 1 1 3 1 - - I - 2 268

10 112 103 22 9 5 - - - - - - - - 1 1 - 3 3 - 259

11 78 78 32 10 1 1 2 - 1 - 2 - 2 1 1 1 - 1 211

12 49 44 10 8 5 1 - 1 - - - 1 1- - 2 - - - 122

13 5 5 - - 1 - - - - - - - - - - - - 11

14 - 1..1

Unknown 3 3 1 - - - - - - - 8

Total 624 636 149 51 19 3 3 4 1 --- 1- 3 1 3 5 5 6 3 7 4 4 1532

APPENDIX TABLE 2

DISTRIBUTION BY AGE AND SIZE OF TUBERCULIN REACTIONS: 1963 SURVEY

Age J Induration (mm)
(years) 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Total

6 182 36 9 4 - 1 - - - - - - - - 1 - 1 - - - - - 234

7 194 45 11 10 2 - 1 - - - - - - - - - - - - - - 263

8 214 29 10 3 1 4 - 1 - - - - - 1-1- -- - 1 - - 1 266

9 207 37 12 6 1 - - - 1 - - - - 1 1 - - 267

10 234 32 12 2 - 1 - 1 - - - - - 1 - 1 - - - - - 1- - 285

11 168 33 11 3 1 1 - - - 1 -1 -- 1 2 - 1 - 1 1 - - - 225

12 93 10 7 3 1 - 1 - - - - - - 1 1 - 1 - - I - 119

13 14 4 1 - - - - - - - - 1 - - - - - - - - - - 20

14 1 - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ 1

Unknown - - - - - - - - - - - - - - - - - - - - _-

Total 1 307 226 73 31 6 7 2 2 1 1 - 1 1 2 2 5 2 2 - 2 3 2 1 1 1 680


