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Abstract

Objective: to obtain the distribution of tuberculin skin test in low-risk
children aged from 3 months to 15 years and to approximate the proper
cutoff point for upper limit of normal size

Methods: Questionnaires were distributed to school children and in our
health baby clinics. A Cross-sectional study with tuberculin skin test
(PPD RT 23 2TU) was conducted among those who has received BCG as
schedule, without history of exposure of tuberculosis, and no
immunocompromised status.

Results: 630 eligible data was analyzed. No significant difference was
observed among different size of PPD with family history of old TB
more than 10 years or cough without clear cause (p=0.3117), similar
with family worked related to medical care (p=0.8546), family with
foreign nationality (p=0.9855), and those who had ever had a babysitter
with foreign nationality (p=0.2801) . PPD size of children aged younger
than seven was affected by BCG with decreased trend when age
increased. Since it was a bi-modal distribution of PPD induration size,
using the same cut-off value for children of all ages was impracticable.
For children younger than 6 year-old, the age specific cutoff value for
normal PPD suggested by area under curve of fraction of reacting to
PPD was 17~18mm. For children after 7 year-old, the approximation
with ARTTI historical data revealed 11~15mm were possible candidate
for upper limit of normal value. Goodness of fit test disclosed that

11~12mm might be the best fit- cut-off for this age.



Conclusions: The study provided a normal distribution of PPD size for
children who had received BCG in infancy with lower risk of TB. Though
the case number for children aged under 4 year-old was small, the data

provided the useful information when the available data was limited.

Keywords: tuberculin skin test, infant and children, induration size,

tuberculosis
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Subjects and Met hods
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1. Age under 3 year-old: healthy volunteers in well-baby clinics in
NTUH. 60 children was planned to be enrolled in the group younger
than 1 year-old (1-2, 2-3 year-old, 20 children will be enrolled in each
age group).

2. Age of 3 to 6 year-old, cases was planned to be enrolled from
volunteered students from kindergarden (3-4, 4-5, 5-6, 6-7 year-old, 20

children will be enrolled in each age group).
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3. Cases was planned to be enrolled from volunteered students from
elementary school and junior high school (30 children will be enrolled
in each age group). A total of 270 children was planned to be enrolled

from children between 7 year-old and 15 year-old.

M ethods

Infor mation collection at the enrollment  Cross-sectional study of 450
children was planned to be conducted. Children were examined and
assessed for general health condition,& BCG vaccination record (2) .
Possible TB exposure including elderly with chronic cough or
unexplained prolonged febrile illness in household contact, any contact
history with documented open TB will be thoroughly evaluated. Children
with suspicious immuno-compromised status, active lung disease or
exposure history of TB will be excluded and follow-up will be done.
Procedure of PPD test Children who fit the criteria were planned to be
given 0.1 ml of PPD (PPD RT23, 2 units) intradermally, in accordance
with the guidelines recommended by WHO (2) . The tuberculin for the
tests was obtained from Denmark and is used throughout the country.

PPD indurations was planned to be read 48 and 72 h after administration
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at 90 degrees from the longest axis of the arm (transversely) and recorded
to the nearest millimeter. Indurations size was recorded by one study
personal. Since digit preference is a normal behavior (unconsciously
prefer even number or numbers ending in digit 0 and 5), we used inversed
calipers instead of ruler to reduce this bias. All size of indurations were
recorded for further analysis other than arbiturary classification.

Exclusion and Follow-up steps Clinically, children who had

induration size 10 mm were invited to be followed up in our clinics
according to previous consensus (12) If LTBI is highly suspected,
prophylaxis will be initiated. Closed contact families and care-givers
were planned to be required detailed information of TB contact history
and asked to take CXR for excluding asymptomatic pulmonary TB.
Satistics

Data were analyzed with the SAS Statistical Package (Version 9.1, SAS
Institute, Cary, North Carolina). We used Chi-aquare test for categorical
data. Significant differences between groups were determined by the
Student’s t test for comparison of means, and the Chi-square or Fisher
exact test for comparison of proportions. Analyses were performed with
the use of SPSS (Statistical Package for the Social Sciences) for Windows,
version 14.0. Moving average was used to smooth the shape for small
number of positive cases in each group. Chi-square with goodness of fit
was used to check the different cutoff points for positivity. P<.05 was

considered statistically significant.

13



Results

A total of 1467 questionnaires were collected from baby clinics and
schools. The children eligible for performing PPD test were 637 with
informed consent available and information enough to identify the
children. One had no birthday information and 6 were elder than 15
year-old. The final of 630 data were analyzed.

Demoqgr aphic data

The male female ratio was 312:318 (p=0.811), and age distribution
(0.18 ~14.98 year-old) was summarized in table 1 (the proportion of
elder-age children was more than younger age children, p< 0.0001). 55
children (8.73% of 630) had at least one family who had a job related to
medical care. 28 children (4.47% of 626) got one family who had a
foreign nationality. 48 children (8.61% of 588) had ever had a babysitter
who had foreign nationality. All of them had BCG vaccination in early
infancy but 3.79% of them initially ticked the box “can not remember’.
Those who could propose the evidence of BCG booster at second grade
of elementary school were excluded from our study but most of the
parents did not preserve the paper-sheet. After excluding the children
with contact of active TB cases, still 40 children (6.37%) had a family
history of old TB more than 10 years lag from now on, and nine children
(1.43%) had a family who had cough with unclear cause but TB was
never diagnosed in our study period (though we encouraged them to
receive differential diagnosis of asthma, smoking related or chronic
obstructive pulmonary disease, etc.).

The size of PPD was compared between 48 and 74 hour-

measurement and the bigger one was chosen to be analyzed. The range of
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PPD was between 0~23mm. Of total, 40.79% had zero induration.
46.35%, 31.43%, 18.25%, and 3.97% of them had PPD size between 0~4
mm, 5~9mm, 10~14 mm, greater than 15mm. No significant difference
was observed among these four categories of PPD size with family
history of old TB more than 10 years or cough without clear cause (p=
0.3117), similar with family worked related to medical care(p=0.8546),
and family with foreign nationality (p=0.9855). 45.83% of children who
had ever had a babysitter with foreign nationality had a PPD size between
5~10mm compared with 30.19% of children without. The trend inversed
when we compared PPD size among 10~14mm, larger than 15mm (ever
had a foreign babysitter: 10.42%, 0% vs. without: 18.70%, 4.44%) and
the difference was not significant (Mantel-Haenzel Chi-square,
p=0.2801).

When we group with PPD size with 0~4 mm, 5~9mm, 10~14 mm,
greater than 15mm, there was a significant difference noted of positivity
of PPD in different age groups (5~10, 11~15 year-old, p=0.0021). The
difference was even more significant if we further divided age group in
0~2, 3~5, 6~9, 10~12, 13~15 year-old (Mantel-Haenzel Chi-square,
p=0.0015). The distribution of positvity of PPD in our study population
was bi-modal. Since the infection rate could be increased as age increased,
the distributions of recorded indurations size of PPD test (shown in figure
1) were given with age grouping by 5(Fig.2) years and 3 years (Fig.3)
each. We noted that the percentage of zero reaction was highest (49%) in
age group 5~9 year-old and followed by 41% in 0~4 year-old, 36% in
11~14 year-old. The area under curve with 16mm induration was 99%,

98%,96% as in 0~4, 5~9, 10~14 year-old. The second peak of bi-modal
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distribution were all located at 6~7 mm induration among the three age
groups. In fig.3, we further divided the age group into 5 groups (0~2, 3~5,
6~9, 10~12, 13~15 year-old) and percentage of zero reaction was highest
(53%) in age group 6~9 year-old and followed by 50% in 3~5 year-old,
43% in 9~12 year-old, 34% in 12~14 year-old, and 16%in 0~4 year-old.
Two small peaks with a dominant peak were noted in graph for 0~4
year-old. The biggest one was still noted at 6~7 year-old, The trend is
somewhat clear that, if BCG had an effect on PPD size, the third was
peaked at 14 mm. Bimodal distribution though noted in age group 3~6
year-old, but the second one was a hybrid twin peak with a widening base
(6~11mm). Basically the graphs of the other 3 age groups were bi-modal
distributed with gradual increasing widening base as age increased. The
area under curve with 16mm induration was 96%, 98%,100%, 98%, and
96% as in 0~2, 3~5, 6~9, 10~12, 13~15 year-old. The area under curve
with 17 mm induration was still 96% in 0-2 year-old and reached 100%
with 18mm. Similar picture was observed in age group 3~5 year-old.

If we checked the accumulative distribution of PPD induration sizes
as in Fig4, we could find that if we used the same cut-off value for
different age groups, false judgment would be possible especially in age
group 0~2 year-old, and the bias could be reduced if the cut-off value was
approaching or above 17~18mm.

The fraction of PPD reaction by age group using different induration
sizes as cut-off points were shown in Fig5. After age of 5~7 year-old, the
trend of the curves in line of every cut-off values were all increased with
age as our knowledge of tuberculosis infection possibility. Only solid

curve (18mm as cut-off) fit the possibility of 0~5 year-old age group.
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Noted that the curves of Smm and 10 mm, 15mm and 18mm as cut-off
point were merged separately into the same one because of the same
percentage with both of these two pairs of cutoff points after 7 year-old.
To figure out the possibly- fit - curve for other age groups, we used the
estimated ARTI data of grade 1 children in Taiwan (2002~2004) (Fig6,
Left). School children did not received 2TU PPD RT23 as PPD test until
2002 screen (1TU was used before this). Since it was hard to collect the
data of PPD size from non-BCG vaccinated children (96~98% BCG
coverage national-wide), the data of children without scar or tiny scar was
used to estimate the annual risk of TB infection. The solid line with full
dot in the left graph of Fig5 was upper 95% CI of estimated positivity
from estimated ARTI. The dashed line was lower 95% CI. To compare
with the right figure of Fig6. , the curve of 12mm cut-off value was
seemed to be fit best with the range estimated on left contrast to cut by
10mm or 15mm. The fitness was checked by Chi-square goodness of fit.
It seemed that 11~15mm were all passed the exam with proper p value
compared to < 11mm. However, 11 and 12mm had the largest sum of

square which fit the estimated curve by ARTI best.
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Table 1. Age distribution in the study

Agegroup 0-1 12 23 34 45 56 67 78 89 910

Case 12 7 6 9 34 41 50 36 45 50
Number

f;r)cemage 1.9 LIl 095 143 54 635 810 571 7.4 7.94
0

10-11
19

3.02

11-12
22

3.49

12-13
99

15.56

13-14
114

18.25

14-15 Total

86

13.65

630

100%

Fig 1. Distribution of PPD sizes (histogram) among 0~15 year-old children.
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Fig 2. Distribution of PPD sizes (polygram) among 0~15 year-old children (group by 5 year-old).
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Fig 3. Distribution of PPD sizes (polygram) among 0~15 year-old children (group by 3 year-old).
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Fig4. The accumulation proportion of PPD induration sizes among different

age groups.
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Fig5. PPD reaction by age group using induration sizes of Smm, 10mm,
12mm, 15mm and 18mm as cut-off points. Noted that the curves of Smm
and 10 mm, 15mm and 18mm were merged separately into the same one
because of the same percentage with both of these two pairs of cutoff
points after 7 year-old.
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Fig 6. The PPD reaction by age group usin ginduration of 10 mm, 12 mm and 15mm as cut-off points vs. the expected risk
of natural tuberculosis infection estimated from historical data on the annual risk of TB infection. With the moving average
curve (cycle:3), 12mm seemed to be the curve fits ARTI best.
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Table2. The Chi-square goodness of fit test & p value between ARTI (95%CI) and different cutoff values.
10mm 11mm 1 Znm 13mm 14mm 15mm
lower95% upper95% | owe @ @B oo we UDP D &rl OWEWHPED Dwedphpet dWBUD D ®Br 95 %

Chi-square  23.06 2.27 5.69 0.92 5.69 0.92 4.42 4.44 11.55 5.32 6.92 7.72
p valOued 0D2FN 50.56380149919 87 6 8 109 1919 B .7/88B 0.8154050 . 1 7 204.3792(2.804 D2 4& 12 8 8

Table3. The sum of squares for the goodness of fit test between ARTI (95%CI) and different cutoff values.

Cutoff value 10mm 11mm 12mm 13mm 14mm 15mm
Sum of squa2 el4 7.99 7.99 12.91 20. 5 22.06
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