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THE RISK OF TURERCULOSIS INFECTION IN TUNISIA

Results of a National Tuberculin Surveyl

INTRODUCTION

Surveillance of the incidence of tuberculosis provides direct estimates of
the problem and of its variation in the course of time. However, this method
is only applicable if case finding and notification of cases are perfect. In
mast developing countries this methed would be unreliable and therefore a
method is preferred that consists of determining the annual risk of infection
threugh periodic tuberculin surveys. The annual risk of infection is directly
proportional to the tuberculesis incidence of smear-positive tuberculeosis in
adults and of tuberculous meningitis in young children (1). The procedure
allows comparisons to be made betweem countries and in the same country to

survey the trend of the problem.

Accordingly, Tunisia, in cooperation with WHC, had carried out a survey
between October 1959 and February 1960, This survey had shown that among,
children aped 5 to 9 years the gnnual risk of infecticn was 3.02% {2). 1In 1%8&
2 mew survey was carried out among children of about & years of age to
determine the trend of the tuberculosis preblem and to establish a basis for a

permanent system of surveillance,

1 . - ' .
The survey was organized by the Direction des Soins de Santé de Base,

Ministére de la Santd Publique, Tunis, Tunisia (Directoy: Dr M. Sidhom)}. The
data were analysed and the report was prepared by the Uniré de lutte
antiruberculeuse (Responsible Officer: Dr B. Haouari, Technleal Assistant:

Mr 5. Ben Mansour). The survey received technical guidance from WHO

(Mr H. ten Dam) and financial support from the Regional 0fflice for the Zastern
Hediterranean (EMRO), Alexandria, and from WHO, Geneva,




MATERIAL AND METHOD

Survey pringiple

Claszically, this type of survey can only be undertaken in a
non-vaccinated population (without BGG scars). However, in view of the
conglderable BCG vacelnation coverage it was attempted to apply a method
propesed for determining also the prevalence of infection in subjects already
vaceinated (&). This methed makes use of the fact that tuberculin sensitivity
induced by BCG vaccination tends to decrease whereas sensitivity induced by
tuberculesis infection remains stable and is relatively high. In view of this,
BCG {re)vaccination would reinforece sensitivity remaining from a previousz

vaceination but would not modify sensitivity acquired from natural infection,

Sampling

To estimate the sample size the results of a partial survey carried out in
1980 (4) were taken into considerarion. These results showed that the
prevalence of infection at the ape of 6 years was about 6%, At this lavel a
simple random sample of about 2 000 pupils (not BCG vacecinated) weuld be
requlived to obtaln an estimate with 95% confidence limits that would be within
I# {rom the observed value (5). However, as it was decided to use ecluster

sampling, it was considered appropriate to double this sample size.

As furthermore the BGG vaceination coverage in Tunisia was estimated at
about. 75%, a sample of about 16 000 puplls was required to find among them
4 000 nom-vaccinated pupils. The statisties relative to primary education (3)
showed that there were 191 668 new pupils enrolled for the first grade of
primary school, distributed over 3 214 szchools, The regquired sample size

therefore seemed ensured by including one tenth of 211 these schoels.
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In order te ensure national representativeness and to give each child the
same probability of being included in the sample, one schoel in ten was
randomly selected from the lists of schoels for each region. All the clas;es
of the first grade of the primary schools thus selected were Ineluded in the
sample. 1In this way the total sample comslsted of 320 clusters of unegual
size. Although not very common, this way of sampling appsared more practical
for field work than sampling by clusters of equal size. In any case, this
procedure was more or lesz imposed because the proportions of vaccinated and

non-vaccineted children were unknown.

Organisation of field work

The study population consisted of ehildren in the first grade of primary
school bacsuse this population was easy to cover. In Tunisia this populaticn
is representative of the total population of the same age because the
praportion of children enrolled in primary schools iz over 99% (2). The
national school vaccination programme foresees systematic BCG vaceinatien for
2ll the pupils im the first grade of primary school. Teo be able to complete
the survey before the start of the national vaccination programme, 71 teams
were Ldentified among the experienced vaccinsters of the national school
vaceination programme; each team was composed of & tester/reader and =
gaeyetayy, The teams were directed by 24 reglomal supervisors. Information
seszions were organized for all the teams and equipment and supplies were
distributed to them on those occasions. Beforehand, a practical guide and
forms for recording the data had been prepatred by the central team. For
general supervision Tunisia was sub-divided inte six zones for which national

supervigsors ware designated.
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At the level of each cluster (school) the work was carried out in tweo

stages;

- a first stage during which each child was examined for the presence of
a BCG scar, the size of each scar was measured, a tuberculln test was
given and read (three days later) and a new BCG vaccination was

administered;

- 4 second stage, three months later, during which the scar of the
second vaccination was measured and a new tuberculin test was given

and read,

All measurements (in mm) as well as the age and the sex of the pupils were
recordad on a pre-prepared form for each c¢lass. The tuberculin used was RT23
with Tween 80 and the dose was 2 TU. The BCG was freeze.dried, supplied by the
Pasteur Institute of Tunis, in a concentration of 1 mg/ml with 3 to 7 wmillion
viable units per ml. Tubereulin as well as BCG were administered by strict

intradermal injection in a dose of 0.1 ml.

Constraints

The survey was carried out between January and May 1986, Among the 320
schools randemly selected initially, 65 had already been visited by the teams
of the national school vaccination programme. Since the survey protocol
required & tuberculin test before revaccination these schoels could not be
included in the sample. It was possible to replace 52 of them by selecting the
schoels that preceded or superseded on the regiomal list of scheols, This
reduced the sample to 307 schools and to 16 438 pupils. Application required
geveral vigits of the teams and certain puplls were absent at one or more of
the visits. In total this happened to 2 345 pupils, Thus 14 093 pupils

vremsined for whom 1t was peossible to cobtain the complete set of data.
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It was found that this study population comprised 3 821 pupils without a

BCG scar and 10 272 pupils with a BCG scar.

RESULTS

Since the analysis of the results must be carried out separately for the
non-vaccinated and the vaceinated pupils and since in this study the absence or
the presence of a scar was the only available indicater of the vaccination
status, it has been attempted to verify whethey the absence of a BCG scar
concerds with the absence of vaccination. Figure 1 shows the distribution of
the diameters of the BCG seays observed at the beginning of the survey, The
distribution of the measurable scars appears "normal" and moreover between
thisz distribution and the column of "0" reactions there is a clear antimode {(at
1 mm}, which means that the subjects without a scar belong indeed to a distinet

population and therefore, very probably, were not vaccinated,

FIGURE 1. DISTRIBUTION OF DIAMETERS ©F BCG SCARS AT THE START OF THE SURVEY
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FICURE 2. DISTRIBUTION OF TUBERCULIN REACTIONS TQ Z TU OF RTI2X + TWEEN
AT THE START OF THE SURVEY AMONG PUPILS WITHOUT BCG SCAR

) )
|
| ___}____{___r___ T
o1 1om iy s

Q-1 1 k] 7 9 11 1} 7

Induration {mm)

FIGURE 3, DISTRIBUTION OF TUBERCULIN REACTIONS AMONG CHILDREN
5-9 YEARS OLD T2 1 TU OF RTZ3 + TWEEN (1960)
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Prevalence of infection among echildren witheut a BCG scar

The distribution of the tuberculin reactions among the children without a
sear at the first stage of the survey is shown in Figure 2. This distribution
does nef show a cleatr antimode that would make it possible to distinguish the
infected from the uninfected population, contrary to what was observed during
the survey in 1960 (Figure 3), when there was a distinet antimode at 8-9 mm,

If this antimode {s applied to the distribution found in 1986 it seems
nevertheless possible to arrive at a reasonable estimate of the current
prevalence of infection. Thus, among the 3 821 pupils without a secar, 109
would be considered positive which gives an infection prevalence for that group
of 2,85% (see Annex 1). For this prevalence the confidence interval has been
calculated according to the formula proposed by WHO (7). However, since the
number of pupils per eluster differed largely (because the cluster size as well
as the propertion of pupils without a scar was different for each cluster), a
weighting factor has been introduced. Furthermore, as the sampling fraction
(1/10) was rather high, alse this fraction has been taken into consideration in
the caleulations. Fer the 95% confidence interval the formule finally used is

the following:

p)z
1 -
:" i

n
I=p=+1,9 N3 1-T

k (k- 1)

where T = gonfidence interval:

P = proportion infected among the pupils without a scar;

1L.986 = the factor used to arrive at a confidence interval of 95%:

ni = the number of pupils without a scar in cluster i;

ni — the mean number of pupils without a secar per cluster;
Pi = proportion infected in eluster i,

4 - the number of clusters;

w  the number of pupils ineluded in the survey;

= the population from which the sample has been selectad,




The calculations for these variables and for the pupils without a scar

show the following values:

p = 0.0285 (= 2.85 %)

n, = 1245

% 7\ P, = P 2 - 11515.6699
n

= 298 (307 - 9 void clusters):

=

= 0.1 (1/10 of the schools)

=i

50 that T = 2.85 % + 0,67 7.
From the prevalence of infection the average annual risk (ARI) has

been calculated according to the formula:

— 1/a
ART = 1 - pn, when
pn, = the proportion of uninfected children

(=1 - 0.0285 = 0.9715)

e |
1l

MEedn age (= 6.39). Thus

ART = 1 - 0,97151/6'39

0.0045 or 0.457,

Prevalence of infection amomy children with a BCG scar

For this group of children, for which the effeects of the BCG vaccination
and of natural infection are confounded, the annual risk of infection has been

calculated according to the method propesed by ten Dam and Hitze (6).
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The correlation table of the tuberculin reactionzs before and after
reveccination is shown in Annex 2. After elimination from this table of the
cases which were obviously erronecus (cases with very small reactions after
revaccination), it was attempted to reconstruct the distributlion of

pre-revaccination tuberculin reactions In children who were classified as

infected (Figure 4),

FIGURE 4. RECONSTRUCTED DISTRIBUTION QF TURERGCULIN REACTIONS
REFORFE REVAGCTNATTON AMONG CHILRREN WITH A BCC SCAR

CONSIDERED INFECTED
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In order to correct & slight imprecision in the reading of the reactions
{by many readers), this reconstructed distribution is shown in alternate
eolumns of 2 and 3 me induration, It iz seen that ﬁhe distribution is skewed,
with relatively many small reactions. It has therefore been attempted to
normalize the distribution starting from the right, as is shown by the

superimposed curve,




On the basis of this reconstructed distribution the area that includes the
infected has been determined on the correlatiom table. This, finally, made it
possible to determine the infection prevalence for each cluster. The variables
from which the prevalence of infection and its confidence interval have been

calculated are the fellowing:

p = 0.03271 or 3.271%
n, = 33.459
L
7y \¢ P, =P 2 - 6682.72
.
1
k= 307
n
y @ 0.0

Caleulated as for the childrem without a gear, the prevalence of Infaction
in the children with a BCG scar and its 95% confidence interval are

3,271 + 0.50%.

This prevalence is only slightly higher than the prevalence of infection
found among children without a BCG scar (2.85%): the 95% confidence interval

ol the difference 1s 0.84%.

Using the same formula as before to calculate rhe average annual risk of

1/6.39

infection: ARI = 1 - 0.9673 - 0.0052 = 0.52%

The weipghted average of the ARI is:

(3821 = 0.045) «+ (10272 = 0.0052) 0.0050 being 0.50%
14 093
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Average amual decreasze of the annual risk of infection

The prevalence of infection found during the survey carried out in 1%60C
among children aged 5 to 9 years was 21%. This corresponds to an average
annual risk of infeccion of 3.02%, or 0.0302, The weighted average annual risk
of infection In 1986 15 0.005. The average annual decrease has been calculated

according to the formula:;

¥ = 1-{R2 /T when
Rl

X = vrate of decrease

R2 = ARLI 1in 1986

Rl = ARY in 1960

T = number of years between the two obsarvations = 26
R2 1
T 0.165856 T s 0.038314

so that X = 0.066584 or 6.6584%




BISCUSSION

The distribution of the diameters of tuberculin reactions before
(re)vaccination (in pupils without a BCG scar; see Figure 2 and Annex 1) shows
a high proportion of intermediate reactioms (around the "eut.off" peint of
2 mm). Inspectlen of the results according to the regions (Annex 3) shows that
there are seven regions (Kasserine - Kairouan - Bizerte - Sousse - 3idi Bouzid
- Gabes and Mahdia) where this phenomenon is relatively frequent. The absence
of strong reactions in these regions, where the incidence of tuberculosis iz
among the highegt in the country, could indicate that there hasz been
under-reading of the tuberculin reactions, Put the readings of the tuberculin
tests in each region had been made by several teams so rhat systematie
under-reading is not very probable. Furthermore, the game phenomenon had been

ohserved during the survey carried out in 1980.

The BCG vaccination coverage in these regions iz similar to that in the
other regions. Only three reglons are at sea level and four regioms et higher
altitude. Non-specific sensitivity (either induced by atypical mycobacteria or
by BCC) therefore does not seem to be the obvious explanation for this
observation. Nevertheless, i1f the methed based om the correlstion of pre- and
post-vaccination reactions is applied to the children witheut a BCG sear
(Ammex 1), it 1s geen that many of the intermediate reactions to the first tesn
have ¢learly increased after BCG waceination, which deoes indicate that they are
non-specific. It follows that the values found above for the prevalence and

the annual risk of infection are probably overestimates.
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Even though the anmual risk of infection in 1986 may have beaen
overestimated there is a clear decrease, from 3.02% in 1960 to 0.50% in 1986,
Thiz decrease, strietly speaking, applies only to children of pre-schoel age
and therefore to intrafamilial transmission of tuberculosis, Although this
transmission plays a major rele in the maintenance of the endemic, its decrease
ig not immediately followed by an identical decrease in the incidence of the
disease in the adult pepulatiom. The main reason for this is the existing
larpge reservoir of infected personsz, The inereace in life expectancy faveours
the maintenance of this reserveir. On the other hand, it can already be
observed that the acute forms oé childhood tuberculosis such as meningitis and
miliary tuberculosis are becoming rare, Not more than two cages of tuberculous

meningitis were deelared in 1985 and 1986.

The aversage decrease in the annual risk of infection has been 6.7% per
year over a perled of more than‘25 years. This rate of decrease is appreciable
and higher than in many countries in Africa and Asia, but it is inferior to
that obtained recently in some limited zurveys in other countries in the
Eastern Mediterranean Region like in Bahrain (12%) in Kuwait (10%) and in Libya
(12%), where it has become similar to that observed in wastern European
countries (8). However, since the interval between the two surveys was more
than 25 years, it may well be that the current rate of decline differs largely
from 6.7%. To determine the present rate it is necessary to carry out a repeat

survey in about 5 yearé {7).

As the number of children included in this study is large it is possible
to evaluate the pre-school age programme and the immediate qualitative effect
of BCG waccination in schoolehildyen, The diztribution of BCG scars (Figure 1)
shows that the pre-szchool age vaccination coverage attains 73%. The
distribution of post-vaccination tuberculin reactions among the pupils without

a BCG scar and without tuberculin sensitivity (reactions of 0-1 mm) at the
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beginning of the survey is shown in Figure 5. It is seen that the resections
are normally distributed but that the mean is relatively low. The result of
this le& that 21% of the pupils have no sensitivity that can be revesaled with a

dozse of 2 TU,

FIGURE 5. DISTRIDBUTION OF POST-VACCTINATION TURERCULIN REACTICNS
AMONG PUPILS WITHOUT A BOC SCAR AND WITHOUT TUBERCULIN
] SENSITIVITY BEFORE VACCINATION
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The method of estimating the prevalence of infection in vacecinated
children (6) has indeed made it pessible re determine rhe cause of the
tuberculin sensitivity represented by the relatively large reactions to the
first test. TFor the smaller reactions this proved more difficult amd it is
therefore important to covstruct the distribution of reactions to the first
test for the subjects provisionally ¢lassified as infected and to normalize
this distribution if necessary. Utilization of a strong and "standardized"
duse of BCG for the revaccinations ne doubt will improve the effectiveness of

the meathod.
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ANNEX L
CORRELATION OF TURERGCULIN REACTIONS BEFORE AND AFTER REVACCIKATION IN PUPILE WITHOUT A BOL SCAR
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AWNEX D

CORRELATION OF TUBERCULIN REACTIONS BEFORE AND AFTER REVACCINATION IW PUPILE WITH A BCG SCAR

Foat-vnoccination reaction (mm)

Pre~vaccination reaction {mn)

L O R D T ST A T TN RS T V- ¥ S S YD I A - L IS B DU U ST RS A+ BT S/ (R M P |
0 0 15 19 208 6 Ste 256 5 M6 W2 0 e B 0 A 40 e 1 93 15 s S 4l § @ a5 4 1 5 s
LB d 1 7 7 » 3 4 % & W 8 8 & % 2 o4 7 5 1 13
b1 R T 7 A T - A T T ) B - TS O T N A § S T S | b4
RIS R - A SR T S O - Y S S T S T 1 A U - A R T S T R T | 43
LI (- U TS VAN O D A U - T O U A R A A D T T F Y A ] ! 2
5o o3 8 3% & 11 17 % 4 15 2% 21 0 o2 13 16 L 2 7 3 7 3 1 T
LI | i 6 1 4 9 B W@ 5 12 OIF W7 oW & W0 8 5 & 2 ! o4 1 1 1 198
71 oy 31 o« 3 5 o« §F o113 oo o4 8 1L 1 1 154
: 1 ¢ 1 1 1 2z % B 1 I W W 4 5 4 6 3 & 3 W 1 I 2 1 & 1 146
v 1 2 3y o2 7 m 5 % & 12 1 8 & 7 1 3 1 L It "
i3 ol 43 5 4 I3 W0 M B 1 té oM 6 i1 15 8 o 2 ) oz 1 1 Z 1 azl
[ 1 1 4 4 | 10 72 03 89 3 % 1 &5 2 1 1 7
iz 1 1 I 1 ¢ ¢ I 144 % on v 8 & yow@ ? 4 2 2 3 2 H 119
13 t 1 1 202 7 3 8 w714 4 2 LI N B I
H 1 1 1L 2 4 & & 4 1 ¢ & ¥ 7 1 1 ! 1 1 1 i
5 2 1 b2 Il s 8 & & 4 9 & b 2 i 7 12 2 73
) L ¢ 1 2 & 35 ¢ & 1 1 1 1 1 L]
17 i 1 I T - T - T 21 ! { ? n
1] 1 i . o1 7 7 LS B | 11 1 k]
H (I 1t ! 1 1 1 8
0 i i 4 - O T | ‘. § P2 2 1 Lo 1 %
2l 1 H 0 3
n 1z 5 1 v 1 o2 0 1 I 1t
u 1 A O &
N1 7 ] 5
25 [ B 2 1 t &
2% g
24 13 | @t 1
k| ¢
® "
o+ o
Totai 877 1% 267 200 318 371 437 M9 316 AL7 1,203 512 965 M8 610 23 304 B3 S2e 1S3 pme 9 98 €9 o 35 20 0 11 2 i 18,273




DISTRIBUTION BY REGION OF TURERCULIN RFEACTIONS BEFORE REVACCINATION IN PUPILS wITHOUT A BCCE SCAR

Diam=ter (mm)
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