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Abstract

A prospective territory-wide surveillance study was conducted on childhood tuberculosis (TB) in Hong
Kong public hospitals. Patient characteristics, clinical presentation, referral pattern, contact tracing,
diagnostic investigations, treatment and complications were summarised. Among 208 children aged
15 years or below diagnosed with TB, there was a bimodal age distribution (one peak at age 5 years
and another at age 14 years) and female preponderance (male to female ratio of 1:1.36 overall and
1:1.92 in age group 12 years or above). TB was found to be more likely in South Asian
children (p=0.0001; OR: 4.005, Cl: 1.974-8.128), immigrants (p<0.0001; OR: 2.685, Cl: 1.956-
3.685) and Down syndrome patients (p<0.0001; OR: 94.47, Cl: 38.68-230.71). There were significant
acute presentations through emergency service in the younger age group and referrals from the
private sector in the older age group. Contact history was positive in 27.9% and positive contacts
were mainly parents. Contact tracing was useful for case finding and contact detection rate was 3365/
100000. Most (87.5%) had been vaccinated the first dose of Bacillus Calmette-Guerin (BCG) and
22.1% had received BCG booster. Majority was new cases (96.6%). Pulmonary TB was the most
common form (65.9%), followed by extrapulmonary TB (26.4%), both pulmonary and extrapulmonary
(3.4%), miliary TB (2.4%) and central nervous system TB (2.4%). Human immunodeficiency virus (HIV)
infection was rare (0.48%). Diagnosis of TB was laboratory confirmed in 63.5%, with an overall positive
TB culture rate of 51%. Tuberculin skin test was of diagnostic value in the general work up of childhood
TB. Histology test and computerised tomography scan achieved high diagnostic sensitivities in both
pulmonary and extrapulmonary TB groups. Drug resistance rates remained low (5.7% to any anti-TB
drug) and there was no multi-drug resistant TB. Most of the children received anti-TB drug therapy
(95.2%) and there was no mortality. More complicated disease pathologies occurred in
23.1% of cases and risk factors included having BCG booster (p=0.012; adjusted OR: 5.8; 95% ClI:
1.46 to 23.26) and female gender (p=0.012; adjusted OR: 4.31; 95% CI: 1.37 to 13.51). Adverse drug
reaction incidences remained low. Future studies were suggested to follow the disease characteristics
and trend of childhood TB to plan for better management strategy and control of the disease.
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Introduction

Tuberculosis (TB) had been a dreadful scourge in the
past and remains an important infection of the present.
It continues to be a major public health problem both
globally and locally. Despite the availability of effective
treatment, TB has become resurgent alongside rampant
drug resistance and HIV co-infection.'® In 1993 the
World Health Organization (WHO) declared TB as a
global emergency. Locally, TB notification rate was in

Email: wongtw2@ha.org.hk

increasing trend over the years 1995 to 2001. This had
also raised some concern about its resurgence, in
particular with the exponential increase in population
movements, frequent human-to-human contacts and
flourishing tourism after the return of Hong Kong to
mainland China since 1997. It is therefore important to
stay alert of the continued threat of TB transmission in
this metropolitan city and such alertness extends also
to the paediatric population, whose general trend of TB
tends to follow that of adults although the actual case
number of childhood TB is smaller. On the other hand,
childhood TB is a thermometer of contemporary TB
treatment and control program. Yet there have been few
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large scale childhood TB studies reported in the local
literature.*s

In late 1998, the Hong Kong Childhood Tuberculosis
Study Group was formed and conducted a territory-wide
prospective surveillance study on childhood TB cases
admitted to the 14 paediatric departments of public
hospitals under Hospital Authority (HA) between 1999
and 2001. The objectives of the study were to ascertain
the disease burden and estimate the local incidence of
paediatric TB in children aged <15 years, to review the
diagnostic and therapeutic approaches used in case
management, to study the spectrum of morbidity and
mortality related to childhood TB, to identify risk factors
for disease development at which preventive strategies
should be targeted, to detect trends signaling changes
in the occurrence of disease and the emergence of drug
resistance.

Methodology

Cases of childhood TB aged <5 years admitted in the
period 1 January 1999 - 31 December 2001 to the 14
participating paediatric departments were reported upon
diagnosis and commencement of therapy for TB from
their respective department coordinators to the Hong
Kong Childhood Tuberculosis Study Group using a
standardised surveillance data collection form, whose
format was derived and finalised from a pilot study
conducted by the study group using retrospective data
of childhood TB cases admitted to several of the
participating departments in 1 January - 31 December
1998. For personal data privacy protection, patient
identifier requested (to prevent duplicate entry) was kept
minimal (surname followed by initials only). According
to the chronological order of reporting from its respective
hospital, each case was assigned by the study group a
case number for data entry by medical student
volunteers recruited from one of the participating
hospitals. Descriptive statistics were compiled by a
volunteer research assistant of another participating
hospital. All volunteers had no access to patients'
personal particulars. Data were analysed and results
summarised by the correspondence author for the study

group.
Results
A total of 231 completed surveillance data forms were

received in the study period. Sixteen duplicate entries
were identified and another seven cases with patient
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age above 15 years were excluded from analysis. A final
total of 208 patients were analysed and reported. Among
these 208 children diagnosed to have TB, the mean age
was 10.1 years (S.D.: 4.55 years, range: 0-15 years)
and median age was 12 years. A bimodal age
distribution pattern was noted, with one peak at age 5
years and another at age 14 years (Figure 1).

There were 88 boys (42.3%) and 120 girls (567.7%),
hence overall male to female (M:F) ratio of 1:1.36. Sub-
group analysis according to age revealed the female
preponderance was noticeable in children aged 12 years
or above (M:F ratio = 1:1.92) but there was no significant
difference in ethnic and immigrant status (Table 1).

Regarding ethnicity, 191 (91.8%) children were Chinese,
8 (3.85%) were South Asian, 4 (1.92%) of other
ethnicities and 5 (2.4%) not specified. Compared with
contemporary Hong Kong population data (children
population aged 0-14 years in 2001: Chinese = 1,109,
417, South Asian = 11,204),” South Asian children were
significantly more likely to have TB than Chinese children
(p=0.0001; OR: 4.005, Cl: 1.974-8.128).

Mean=10.11£4.55 years Median=12 years Mode=14 years
40

Frequency
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AGE
Figure 1. Age distribution.
Table 1. Gender distribution
Age Boys Girls M:F ratio
<12 years 49 (52.1%) 45 ((47.9%) 1.09:1
12 to <15 years 39 (34.2%) 75 (65.8%) 1:1.92
Overall 88 (42.3%) 120 (57.7%) 1:1.36

2001 Hong Kong children population aged 0-14 years® = 1,109,417, M:F
ratio = 1.07:1



While non-immigrant children (total 146) constituted the
majority (70.2%) of the group, 47 children (22.6%) were
immigrants, defined as persons having resided in Hong
Kong for less than 7 years. When compared with
contemporary immigrant children population statistics
(2001 Hong Kong children population <15 years:
immigrants = 93,365 (8.4%), out of total 1,109,417),8
there was an over-representation of immigrants who
were significantly more likely to have TB (p<0.0001; OR:
2.685, Cl: 1.956-3.685).

Case referral source was mainly from public hospitals.
Sixty four children (30.8%) were referred from Accident
and Emergency Departments (A&E) and 52 children
(25%) from other departments of HA hospitals. Private
sector referrals constituted about 20% of cases (private

Table 2. Case referrals
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practitioners 18.3% and non-HA hospitals 1.4%).
Thirteen cases (6.3%) were identified by contact
tracing (Table 2). Those referred from A&E were
mainly in the age groups of 0-4 years (39.4%) and
10-15 years (31.5%), following a bimodal distribution
aforementioned.

The greater the age of the children, the lower the
percentage of cases was attending HA hospitals for TB
treatment and such downward trend was significant
(p<0.0001)(Figure 2).

For Bacillus Calmette-Guerin (BCG) immunisation, 182
children (87.5%) had been vaccinated the first dose and
among these children, 142 (78%) received it at birth
but 32 (17.6%) had no inoculation scar. Six children

Referral Number of cases Sub-total Percentage
Age (years)
0-4 5-9 10-15
A&E Department 13 10 41 64 30.8%
HA hospitals 6 9 37 52 25.0%
Private practitioner 5 6 27 38 18.3%
TB & Chest service 3 7 5 15 7.2%
Identified by contact tracing 0 5 8 13 6.3%
GOPD/MCHC/SHSC 2 3 4 4.3%
Non-HA hospitals 2 0 1 3 1.4%
Others 2 5 7 14 6.7%
Total 33 45 130 208 100%
100
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80
70
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Figure 2. Percentage of patients attending HA hospitals for TB treatment
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(2.9%) had no BCG vaccination and among them
5 (83.3%) were immigrants (all Chinese). BCG
immunisation status was indeterminate in twenty
children (9.6%), with unclear vaccination history and no
BCG scar identified. For non-immigrants, 137 children
received BCG at birth (93.8%), one did not and it was
not specified in 8 children. Among immigrants, 34
children received BCG at birth (72.3%), 5 did not and it
was not specified in 8 children.

Forty six children (22.1%) had received BCG booster
dose. They belonged to the bigger age group, with mean
age 12.67 years (S.D.: 2.08, range: 5-15 years) and
median age 13 years. However, the age at which they
received the booster dose was highly variable, ranging
from 1 to 12 years (mostly at 9-10 years) in 34 children
(73.9%) but not specified in 12 children (26.1%).

Contact history with tuberculosis was positive in 58
cases (27.9%), negative in 147 cases (70.7%) and
not specified in 3 cases (1.4%). Positive contacts
included 36 parents (62.1%), 10 relatives (17.2%), 7
siblings (12.1%) and 5 other contacts outside family
(8.6%). Irrespective of any positive contact history
obtained, contact tracing was conducted in all 208
children with TB and 7 diseased household contacts

Table 3. TB sites in different age groups
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were further identified, hence contact detection rate
3365/100000.

Pulmonary was the most common TB site in all age
groups and occurred in 137 children (65.9%), while
extrapulmonary TB accounted for 55 cases (26.4%)
(Table 3). Among those with pulmonary TB, there were
53 boys and 84 girls (M:F ratio = 1:1.58). In the
extrapulmonary group, there were 25 boys and 30 girls
(M:F ratio = 1:1.2). Seven children (3.4%) had both
pulmonary and extrapulmonary TB. Another 5 children
(2.4%) had miliary TB; all were Chinese with no previous
TB history.

There were 5 children with TB involving central nervous
system (CNS) (Table 4). All were Chinese aged beyond
infancy with no underlying medical iliness. Two of them
had previous history of TB and the other three were
new cases, of which two had both pulmonary and
extrapulmonary TB.

While the majority (201) of these 208 children was
having TB for the first time (96.6%), there were 5 children
(2.4%) having TB before and 2 children (0.96%)
unspecified. All 5 children with recurrent TB were
teenagers with no underlying medical iliness. The TB

Age (years)

TB site 0-4 5-9 10-15 Overall

No. of cases (%)
Pulmonary 24 (72.7) 29 (64.4) 84 (64.6) 137 (65.9)
Extrapulmonary 5(15.2) 13 (28.9) 37 (28.5) 55 (26.4)
Both 3(9.1) 1(2.2) 3(2.3) 7 (3.4)
Miliary 1(3) 1(2.2) 3(2.3) 5(2.4)
Others* 0 (0) 1(2.2) 3(2.3) 4(1.9)
Total 33 (100) 45 (100) 130 (100) 208 (100)
*1 Erythema nodosum, 3 no site specified
Table 4. Summary of 5 children with CNS TB
Age (years) Sex Immigrant Contact history BCG received BCG booster Previous TB Current TB site
3 M No No No NS No TB meningitis
8 F Yes (MC) Uncle Yes NS No PTB, brain tuberculoma
12 M No No Yes Yes No PTB, disseminated TB
13 M Yes (MC) No Yes NS Yes TB meningitis”
15 M No Father Yes NS Yes TB brain abscess*

MC = Mainland China, NS = not specified, PTB = Pulmonary TB
#Same two patients depicted in Table 9 below



site (pulmonary or extrapulmonary) followed their
previous episode in 4 of them. Two of the recurrent
cases were CNS TB as aforementioned.

Underlying medical conditions were reported in
31 children (14.9%). There were 5 children with asthma,
5 with Down syndrome, 5 with immunocompromised
states (including 1 preterm baby and 1 human
immunodeficiency virus (HIV) positive case), 3 with
cardiac diseases, 3 with renal / urological diseases,
3 with neurological diseases, 3 with mental retardation,
2 with endocrine diseases and 2 with musculoskeletal
problems. It was not a routine practice to check HIV
status in childhood TB and 159 out of the 208 children
(76.4%) were not tested for HIV. Of those 49 children
who were tested, the majority (48) was negative but one
Chinese immigrant adolescent girl with histologically
proven TB lymphadenitis was identified HIV positive as
aforementioned.

Tuberculin skin test was commonly used as a screening
test for possible exposure to TB. Out of the 132 children
tested with two units of PPD-RT23 tuberculin or five units
of PPD-S tuberculin as the Mantoux tuberculin skin test
(MT), 108 children (81.8%) showed a positive result with
an induration of transverse diameter 210 mm, among
which 81 (61%) were 215 mm and 40 (30.3%) were
> 20 mm respectively. Repeat MT test was reported in
1 child who had the first test done just after corticosteroid
was given for allergy prevention prior to contrast
computerised tomography (CT) study. There was no
significant positive conversion in the second test but time
interval between them was not specified.

Depending on individual clinical presentation, different
investigations or their combination were used for the
diagnosis of TB in this group of 208 children. Specimens
were sent for bacteriological tests (smear for acid-fast
bacilli (AFB), TB culture or polymerase chain reaction
(PCR) test for TB) in 202 children (97.1%). Overall,
positive results were obtained in 126 children (62.4% of
children tested, 60.6% of whole cohort) while 76 were

Table 5. Results of laboratory tests in 208 children with TB
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negative. In particular, 133 children had specimens sent
for AFB smear, 136 for TB culture and 110 for PCR test
for TB. Positive results for the respective tests were
obtained in 114, 106 and 31 children, hence their
respective percentages 85.7%, 77.9% and 28.2% of the
children tested (54.8%, 50.96% and 14.9% respectively
of the whole cohort). Biopsy specimens were sent for
histology in 133 children (63.9%) and histological
evidence of TB was found in 59 children, constituting
44 .4% of those who were tested (28.4% of the whole
cohort).

Table 5 summarises the laboratory test results in all 208
children. TB was diagnosed in 132 children (63.5%) by
either positive bacteriological tests or histology. Positive
bacteriological results were obtained in 72 out of 148
cases (48.6%) where histology result was negative (73
cases) or biopsy had/could not be performed (75 cases).
On the other hand, histological tests helped in
diagnosing 6 TB cases out of 82 children in whom
bacteriological results were either negative (76 children)
or unavailable (6 children), hence an additional
diagnostic yield of 7.3%.

It was noteworthy that Mantoux test was negative in 40
out of 106 (37.7%) TB culture-positive and 26 out of 60
(43.3%) histologically proven cases

TB was diagnosed on clinical and radiological grounds
in 76 children (36.5%), including 46 children in whom
bacteriological and histological tests had / could not be
performed and 30 children with negative bacteriological
and histological results. Among them, 44 had positive
radiological findings, 41 had positive Mantoux test and
34 had positive contact history, hence diagnostic
sensitivities of these respective tests were 57.9%,
53.9% and 44.7%.

In the group of 137 children with pulmonary TB, sputum,
gastric aspirate, pleural fluid and bronchoscopic lavage
fluid specimens sent for bacteriological tests yielded 15
(out of 76) cases positive for AFB smear, 31 (out of 66)

Number of cases Histological tests Sub-total
+ - NS*
+ 54 43 29 126
Bacteriological tests - 4 30 42 76
NS* 0 4 6
Sub-total 60 73 75 208

*Not specified (including test not done, not indicated, not applicable or unavailable)
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cases with positive TB culture and 8 (out of 16) cases
with positive PCR for TB. Histological proof of TB were
obtained in 21 (out of 21) cases by invasive diagnostic
procedures including 18 pleural biopsies (with 1 by
video-assisted thoroscopy), 1 bronchoscopic biopsy,
1 lung biopsy and 1 multiple biopsies (bronchoscopic,
lymph node and bone marrow). Mantoux test was
positive in 82 (out of 96) cases. Abnormal chest X-ray
(CXR) was noted in 56 (out of 58) cases and CT thorax
showed abnormalities in 9 (out of 9) cases studied. It
follows that histology and CT thorax were the most
sensitive (100%) diagnostic tests and AFB smear was
the least sensitive one (19.7%).

In the group of 55 children with extrapulmonary TB,
specimens sent for bacteriological and histological tests
included cerebrospinal fluid, urine, lymph node, bone,
soft tissue and other body tissues obtained by biopsy
or surgery. There were 8 (out of 13) cases positive for
AFB smear, 9 (out of 12) cases with positive TB culture,
4 (out of 6) cases with positive PCR for TB and 38 (out
of 45) cases with histological evidence of TB. Mantoux
test was positive in 28 (out of 34) cases. Abnormal CT
findings were found in 4 (out of 5) cases studied. Twenty
children had CXR. Abnormal findings were initially
reported in 4 but all were concluded as false positive
cases unrelated to TB after other investigations done,
hence an 80% specificity of CXR for extrapulmonary
TB. Compared with the pulmonary TB group, sensitivities
of the bacteriological tests were higher in the
extrapulmonary TB group.

Within 106 cases of positive TB cultures, 51 (48.1%)
cultures were fully sensitive to isoniazid, rifampicin,
ethambutol and streptomycin, the 4 drugs that were
regularly included in TB culture and sensitivity report
from Tuberculosis Reference Laboratory, Department
of Health. Among them, 6 were additionally reported

Table 6. Summary of 6 children with TB drug resistance
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to be sensitive to pyrazinamide. Drug resistance
occurred in 6 girls (5.7%). All were new cases of
pulmonary TB with no immunocompromised conditions
or underlying medical illnesses and they had no previous
TB contact history. Five cases (4.7%) were resistant to
streptomycin and another one (0.9%) to isoniazid. None
of the cultures was resistant to rifampicin or ethambutol
and there was no case with resistance to 2 or more
drugs (Table 6).

One hundred and ninety eight children (95.2%) received
anti-TB drug therapy. Drug treatment data was
unspecified in 9 children and one child was lost for follow
up (returned to Nepal). One hundred and thirteen
children (54.3%) were given 4 drugs, commonly the
combination of isoniazid, rifampicin, pyrazinamide plus
either ethambutol or streptomycin. Two children (1%)
were treated with all 5 drugs. Streptomycin was used in
9 cases (2 pulmonary, 3 musculoskeletal and 4 CNS
TB). Seventy nine children (40%) received 3 drugs,
commonly isoniazid, rifampicin plus either pyrazinamide
or ethambutol. Drug regime was not specified in 4
children (1.9%). Anti-TB chemotherapy in the drug-
resistant cases was detailed in Table 6.

Medications were given by daily therapy in 156 children
(75%), intermittent therapy in 26 (12.5%), both daily and
intermittent therapy in 14 (6.7%). Dosing regime was
not specified in 12 children (5.8%).

Forty-eight children (23.1%) had more complicated
disease pathologies like pleural effusion, empyema,
abscess and tuberculoma (Table 7). Their mean age
was 10 years (S.D.: 4.53, range: 0-15 years) and median
age 11 years. However, logistic regression analysis
identified the risk factors for these disease pathologies
were female gender (p=0.012; adjusted OR: 4.31; 95%
Cl: 1.37 to 13.51) and having BCG booster (p=0.012;

Age (years) Immigrant Ethnicity BCG Drug Anti-TB chemotherapy
birth/booster resistance Regime Intensive Continuation
6 No Chinese Yes / No D 2mHRZ 4 mHR
12 No Indian Yes / NS S D 3 m HRZE 3mHR
14 No Chinese Yes / NS S D 3 m HRZE 3mHR
14 Yes (MC) Chinese Yes / No H D 4m HRZE 8 m RZE
15 No Chinese Yes /NS S | 2 m HRZE 6 mHR
1 m HRE
15 No Chinese Yes / NS S D+ 2 m HRZE 4 mHR

MC = Mainland China, NS = Not specified, D = Daily, | = Intermittent, H = Isoniazid, R = Rifampicin, Z = Pyrazinamide, E = Ethambutol



adjusted OR: 5.8; 95% CI: 1.46 to 23.26), but not age
(p=0.178) (Table 8).

In the present study cohort, 24 children (11.5%) had
treatment-related complications and the majority was
associated with drugs. Among those 198 children who
had received anti-TB medications, the incidences of
hepatitis / deranged liver enzymes, gastrointestinal
upset, skin rash / itchiness / allergies were 3.54%,
3.03% and 2.53% respectively, with several more single
cases of other adverse reactions (Table 9).

Discussion

Tuberculosis is relatively uncommon in children
compared with other paediatric infectious diseases. In
1999-2001 the total number of TB notifications aged
0-14 years was 239 with no death cases.® However,
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childhood TB may lead to significant complications and
morbidities if not properly treated. It is also associated
with public health concern and reflective of
contemporary TB treatment and control program.
Infected children constitute a reservoir from which many
adult cases will arise.’ Yet, there have been few local
studies published on childhood TB. Sham et al reported
the characteristics of 301 children with respiratory TB
from a single center in the 1980s.* Hui et al described
the clinical presentation of 58 cases of childhood TB
managed in 3 regional hospitals in the 1990s.% Both
studies were conducted when Vietnamese refugees
issue in Hong Kong was not yet resolved and there were
4% and 20% Vietnamese included in their study cohorts
respectively. Our present study is the first territory-wide
multi-center prospective cohort study on childhood TB
encompassing all paediatric departments of public
hospitals in Hong Kong. It is also the first study on
childhood TB after Hong Kong's return to China, thus

Table 7. More complicated disease pathologies in 48 children with TB

Disease pathologies

No. of cases

Remarks

Respiratory Pleural effusion
Haemoptysis
Empyema
Pnuemomediastinum
Lung scarring
Endobronchitis with stricture
Bronchial abscess

Abscess Lymph node/wound
+ persistent discharge
Psoas
Submandibular

Bronchial

Seizure
Brain tuberculoma
Encephalopathy
Hydrocephalus
Hemiparesis
Trochlear nerve palsy

Neurological

Granuloma Subphrenic

Multiple

Spine destruction
Limping gait

Musculoskeletal

Intestinal obstruction
Hepatoplenomegaly
Choroidal tubercle
Paradoxical reaction

Miscellaneous

9 1 bilateral, 2 loculated, 3 massive pleural effusion
(2 with mediastinal shift)

*same patient

1* *same patient

1 status epileticus, 1 focal seizure

1 Liver, spleen and lung

_ a

10
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allowing comparison of any trends before and after
1997. The study population size of 208 children (87%
of all TB notifications in the same period) is highly
representative of the local scene during that time.

The present study cohort reveals a bimodal age
distribution, which was also well reflected from our A&E
referral data. Bimodal age distribution has also been
reported in overseas studies''? although not specifically
described in previous local series. This emphasizes the
need to continue TB surveillance and control program
in our young population despite neonatal BCG
vaccination, whose effect is expected to wane with time.

Our current study noted a female preponderance,
particularly in age =12 years, which was not described
in previous local literature. Sham et al did not report
gender distribution in their study* and Hui et al described
a male predominance in their series.® Ethnic differences
and immigrant status did not account for the female
preponderance in our cohort and the underlying reason

Table 8. BCG Booster and more complicated TB disease
pathologies

All age groups Booster
+ _
Disease pathologies + 12 7
_ 34 70

p = 0.0188, OR: 3.529 (1.275-9.773)

Booster
+ _

Age 10-15 years

Disease pathologies + 12 2

- 30 34
p = 0.0156, OR: 6.8 (1.407-32.875)

Table 9. Treatment-related complications in 24 children with TB
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remains unclear. Adult TB studies'' have described a
general male predominance in all age groups and
suggested the biological mechanisms in clinical
presentation could be related to gender differences in
cell mediated immunity, effects of sex hormone in T-cell
functions and genetic susceptibility.'s

South Asian children in our study population were
significantly more likely to have TB than Chinese
children. This echoed with the finding noted by Leung
et al that speaking other Asian languages was one of
the socio-economic factors affecting the district-specific
TB standardised notification rate in Hong Kong.'®

Whether new immigrants are at greater risk of TB has
been controversial. While birth in China and residence
in Hong Kong for less than 7 years were found to be
significantly associated with district-specific
standardised notification rates in Hong Kong,'® fewer
than 200 TB cases per year were involved with
immigrants from mainland China and the estimated TB
annual notification rates among recent immigrants were
reported not higher than that of the general Hong Kong
population.'” In their health survey on 457 new immigrant
children from mainland China, Chow et al found TB was
uncommon, with only 2 having history of TB infection
and 13% having positive skin test against TB." Qur
current study has found an over-representation of
immigrants among children diagnosed to have TB,
suggesting immigrants were significantly more likely to
have childhood TB.

Few previous studies have looked into case referral
sources. Our data has shown considerable referrals from
A&E (30.8%). While this might be due to the local
population's pattern of accessing healthcare services,
it might as well signify more urgent or severe clinical
presentation of childhood TB. As the age of the children

Complications

No. of cases

Remarks

Hepatitis/abnormal liver enzymes 7
Gastrointestinal upset 6
5

Skin rashf/itchiness/allergies

—_

Blurred vision

Dizziness 1
Drug fever 1
Oral candidiasis 1
Haemopneumothorax 1
Wheelchair bound 1

Resumed 4-drug regime after eye assessment

| streptomycin dose

Due to concomitant steroid
Post-pleural biopsy (VAT)

Femoral operation related

11



increased, there was a significant trend that the older
children not accessing care through HA hospitals
(p<0.0001). Indeed, about 20% of our referrals were from
private practitioners and non-HA hospitals. The role of
private sector and community healthcare workers in
maintaining clinical vigilance for early diagnosis and
treatment of childhood TB would therefore be important.

In Hong Kong, neonatal BCG vaccination program has
been introduced since 1952 and immunisation coverage
remains high. Hui et al reported 81% of their patients
had been immunised with BCG.® Majority of our study
cohort (87.5%) had received BCG vaccine at birth, with
a higher proportion in the non-immigrant (93.8%) than
the immigrant group (72.3%). As a large proportion of
our cases had received BCG vaccination, it suggests
that the protectiveness provided by BCG is far from
complete. Its efficacy against pulmonary TB and other
mycobacterial diseases is variable although it provides
more protection against miliary disease, TB meningitis
and disseminated infection in early childhood.-2*

In an area with an intermediate burden of TB like Hong
Kong, positive contact history among diseased patients
is common. Sham et al and Hui et al reported rates of
positive contact history with TB as high as 19% and
48% respectively in their studies.*® In our present study
cohort, this amounted to 27.9% of cases. Contact
investigation of index cases is therefore a very useful
procedure for active case finding.? In fact, 7% of patients
in the study by Sham et al* and 6.3% in our study were
asymptomatic and were diagnosed to have TB from
contact tracing. In areas where TB are less prevalent,
contact tracing is a highly efficient way of case finding,
contributing to 70-80% of cases reported in some
overseas studies.??” The contact detection rate in our
current cohort is 3365/100000, comparable to that of
3604/100000 Noertjojo et al had reported in children
<5 years.?® Active cases identified through contact
tracing could be source cases rather than secondary
cases. The importance of aggressive expedient contact
investigations rather than routine skin test screening of
large population as the basis of a reliable TB control
program could not be over-emphasized.?

In all age groups, the most common TB site was
pulmonary (66% of cases), followed by extrapulmonary
TB (26.4% of cases). These were in close agreement
with other local and overseas childhood TB
studies® 143031 However, there were more girls than
boys in both pulmonary and extrapulmonary TB, unlike
in our local adult counterparts that extrapulmonary
disease tended to occur more commonly among
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women.' Miliary and CNS TB cases were uncommon,
each accounting for 2.4% of whole study group. With
the exception of the 30 week-gestation premature
newborn baby, all were aged bigger than 2 years and
had received BCG vaccination. These tend to support
that neonatal BCG vaccination is providing young infants
some protection against these two most serious forms
of TB until an older age.

The majority of diseased children were new patients
and there were 5 relapsed cases (2.4%). All were
adolescents with no underlying medical illness. In 3
cases, the time interval from their previous TB illness
was 2 years. One case relapsed after 13 years from the
first TB episode. The relapse interval for the remaining
case could not be determined since details of the first
illness were unclear. As noted from the group data,
possible factors that might contribute to the relapses
included undiagnosed previous TB, inadequate or
defaulted treatment, failure of previous treatment and
continued contact with source patient.

Thirty one children were reported to have underlying
medical conditions, amounting to 14.9% of the study
cohort. The proportion was comparable to that of the
whole Hong Kong scene (16.3%). Asthma, Down
syndrome and immunodeficiency states were the most
prevalent entities but they may not be representative of
the spectrum of underlying medical ilinesses since case
numbers were small. In adults, diabetes, silicosis, liver
disease and lung cancer were the common concomitant
illnesses.™

There were 5 Down syndrome children in our cohort.
According to Down Syndrome Association in Hong Kong,
there were about 400 Down syndrome children under
18 years registered in the association. It follows that it
was significantly more likely (p<0.0001; OR: 94.47, Cl:
38.68-230.71) to have TB in Down syndrome children
(Table 10). Down syndrome may be considered a model

Table 10. Down syndrome children and TB

Down syndrome
+ _

Tuberculosis + 5 203
- 400" 1534200#

P<0.0001, OR: 94.47 (38.68-230.71)
* Hong Kong Down Syndrome Association: 400 Down syndrome children
<18 years in 2005
# Census & Statistics Department: 1,534,600 children population <18 years
in 2005
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of precocious, abnormal ageing of the thymus-
dependent system and various defects in the
inflammatory response, humoral and cell-mediated
immunity leading to increased susceptibility to infections
have been reported in Down syndrome.324°

Among the immunodeficiency states interacting with TB,
HIV infection has received much attention. In adults,
HIV co-infection has been reported to cause TB
resurgence, accelerate TB disease progression and
increase incidence of extrapulmonary TB in patient with
HIV and TB.#"**® In children, HIV infection further
complicates the long time challenge of diagnosing
childhood TB with its atypical clinical and radiological
manifestations.*+“¢ The local prevalence of HIV infection
has been relatively low, approximately 0.13-0.7% in
1990-2001.4"48 Voluntary HIV testing was offered to all
patients with TB attending TB & Chest Service of
Department of Health. The uptake rate was good (about
90%) and the overall HIV seropositive rate among Hong
Kong TB patients (0.1%) was low." In our cohort, HIV
infection was documented in only one patient with
extrapulmonary TB, giving an HIV seropositive rate of
0.48%. However, as the case number is small and a
considerable number of TB children were not tested for
HIV, the true HIV positive rate in childhood TB remains
to be determined.

Childhood TB is often a diagnostic dilemma.*® While
better diagnostic methods and special investigations are
increasingly available, it is not uncommon that initial
management has to rely on clinical diagnosis.>%** Clinical
diagnosis of TB is based on contact history, clinical
features, radiological investigations and tuberculin skin
test is commonly used as a screening test for possible
exposure to TB. However, its performance is affected
by many factors?®5%5¢ and its interpretation may be
difficult in a community with BCG vaccination program.
Sham et al reported in their childhood respiratory TB
cohort tuberculin skin test positive rates of 85%, 58%
and 27% with induration of more than 10mm, 15 mm
and 20 mm respectively.* In the childhood TB series
described by Hui et al these rates were 93%, 67% and
26% respectively.® Both studies considered a positive
tuberculin test indicative of TB disease in our population,
provided that BCG has not been administered within
the past year. The corresponding rates in our present
study were 81.8%, 61% and 30.3%, consistent with the
results in the above two studies. In particular, tuberculin
skin test was positive in 59.8% of pulmonary TB and
50.9% of extrapulmonary TB in our group. Our data
further supports their views that tuberculin skin test is
of diagnostic value in the general work up of childhood
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TB. In the doubtful case of infant with recent BCG
vaccination or suspected non-tuberculosis
mycobacterial infection, newer technique like gamma-
interferon release assay may help to provide the
diagnosis.

Advance in diagnostic procedures and development of
molecular diagnostic tests have greatly improved the
capabilities to diagnose TB.5%® The present study has
demonstrated steady improvement in bacteriologically
confirmed TB diagnosis compared with previous
studies.*%26:3031 Qur 54.8% AFB smear positive rate
showed a higher yield than 6% reported by Sham et al*
and 22-27% summarised by Ussery et al.?® The overall
TB culture positive rate of 51% was comparable with
those reported by Sham et al (25%),* Hui et al (48%),°
Lobato et al (50%)3' and Oberhelman et al (10%).>* PCR
test for TB was also increasingly available®®"' and it alone
had contributed to a positive diagnostic rate of 14.9% in
our study. Overall, these techniques have enabled a
60.6% bacteriologically confirmed TB rate in our current
cohort.

Biopsies used to be infrequently performed in children
and positive histology cases accounted for only 1%, 4%
and below 20% of the patients in the studies reported
by Pineda et al,?® Sham et al* and Hui et al® respectively.
In our current group, in cases with negative
bacteriological results or bacteriological tests
unavailable, histopathological tests on biopsied
specimens gave an additional diagnostic yield of 7.3%.
Overall, our present group comprised of 28.4%
histologically proven TB cases and combining the
aforementioned bacteriological confirmation, 63.5% of
our children had laboratory diagnosis of TB on
aggregate.

Compared with the extrapulmonary TB group,
sensitivities of the bacteriological tests were lower in
the pulmonary TB group. This was likely due to difficulty
in getting good sputum or gastric aspirate specimens,
less accessibility of biopsy sites and practical difficulty
in obtaining respiratory tissue specimens. Histology test
and CT scan achieved high diagnostic sensitivities in
both groups and in particular 100% in the pulmonary
TB group. It was likely that the clinical presentation and
other preceding investigation modalities performed might
have increased their pre-test probabilities for positive
results.

Drug resistance rates among new cases have been
used as an epidemiological indicator for long-term
surveillance and monitoring of the effectiveness of TB



control program. Since the successful introduction of
directly observed short-course chemotherapy (DOTS)
from 1986, Hong Kong has observed a decreasing trend
of drug resistance. In 1999, the resistance rates to any
TB drug, streptomycin alone, isoniazid alone, rifampacin
alone, ethambutol alone were 14.4%, 6.4%, 2.6%, 0.2%,
1.3% respectively and multi-drug resistance (MDR),
defined as resistance to at least isoniazid and rifampicin,
was 1.8%.7 These rates were relatively low compared
with contemporary worldwide figures, which ranged from
2% to 41% for resistance to any TB drug and 0% to
18% for MDR-TB.”7¢ Incidences of resistant organisms
reported in previous local childhood TB studies were
also low. Sham et al noted 2.3% resistance rate to any
TB drug, 1% to streptomycin alone and 1.3% to 2 drugs
(1% to isoniazid and streptomycin, 0.3% to ethambutol
and streptomycin),* while Hui et al reported 5.9%
resistance rate to any TB drug, 2.9% to streptomycin
alone and 2.9% to 2 drugs (isoniazid and streptomycin).®
Drug resistance rates among the TB culture-positive
isolates in our present cohort were comparably low,
namely 5.7% to any TB drug, 4.7% to streptomycin alone
and 0.9% to isoniazid alone. As all were new cases with
no previous TB contact history, they were likely primary
resistance, i.e. initial infection with a drug-resistant
organism. It was encouraging that all were mono-
resistance, isoniazid resistance rate was low and there
was no multi-drug resistance. The reason for
streptomycin-dominant resistance phenomenon was
incompletely understood and thought to be related to
widely popular use of streptomycin in the past.”? As
streptomycin was not usually required in the first-line
anti-TB regimes, there had not been great problem
encountered in childhood TB treatment.

The majority of our study patients received daily and/or
intermittent anti-TB therapy but our present study had
limitation in determining their compliance. Short course
multi-drug chemotherapy has been proven to be
economical, effective and safe for treating childhood
TB.257782 Yet, the major determinant of the success of
drug treatment is compliance.® Compliance in children
is affected by their mechanical difficulties in taking
medications, many of which are not specifically
packaged or produced in paediatric formulations,®
difficulties with taste and consistency of formulations,
gastrointestinal upset and their dependence on adult
supervision on treatment. Directly observed therapy
(DOT) facilitated but did not solve all problems of
treatment adherence.®% It was not uncommon that
patients on intermittent therapy took their doses in the
clinic and those on daily therapy took a week's supply
home at a time. Even in adults, it was estimated that in
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reality only 46% of patients received almost all
medications by DOT while most had DOT only part of
the time, according to a local study.®” In order to further
reduce drug resistance and relapse in TB, it is prudent
to develop measures to enhance institution of DOT or
adopt a universal DOT policy.8®

There was no mortality in our present study cohort but
disease with more complicated pathologies were
reported in 48 children (23.1%). Age was found not a
significant risk factor (p=0.178), unlike in other studies
reporting younger children more likely to develop severe
disease like TB meningitis or miliary TB3*3!' hence more
likely to have complications or morbidities. As
aforementioned, it was likely that the neonatal BCG
vaccination program had conferred some protection to
our young infants against these two most serious forms
of TB. However, having BCG booster and the female
gender were identified to be significant risk factors for
more complicated disease pathologies. There has been
considerable debate on the efficacy of BCG vaccine in
the prevention of TB'®2* and the protective value of its
revaccination following tuberculin testing has also been
questioned.®® Some postulated that BCG vaccination
could trigger either protective or antagonistic
(destructive) immune reaction pathways and individuals
with strong tuberculin sensitivity were at higher risk of
tuberculosis than those with low or intermediate
tuberculin sensitivity.2'°! In a large local cohort study,
significantly higher tuberculin positive rates were found
in girls with increasing age at all commonly used cut-off
points (5, 10, 15 mm).%2 We hypothesise that BCG
revaccination, different from neonatal BCG vaccination,
had resulted in more vigorous body immune reaction
towards the antagonistic (destructive) rather than
protective pathway and this late immune response to
BCG was more prominent in girls, hence our observation
that having BCG booster and the female gender were
risk factors for more complicated disease pathologies.
BCG revaccination in Hong Kong schoolchildren was
stopped in 2000 and it would be interesting to examine
these again in future studies in the era without BCG
booster.

Majority of treatment-related complications in our study
cohort was drug-related but none was severe and there
was no fatality. Hepatitis or derangement of liver
enzymes was the most frequently encountered,
constituting 3.6% of those who had been treated with
3-, 4- or 5-drug regimens containing isoniazid and
rifampicin. This was relatively low compared with 12%
incidence of deranged liver function reported in a
previous local childhood TB series.® However, our study
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had limitation in differentiating simple biochemical
hepatic dysfunction from toxic hepatitis, which ranged
from 3% to 7% in overseas studies.**% Awareness of
potentially severe drug hepatotoxicity was heightened
as fulminant hepatic failure requiring liver transplantation
had been described after the combined use of isoniazid
and rifampicin in anti-TB drug regimens and children
were reported to have higher risks.®**® In Hong Kong,
serial monitoring of liver function in at risk patients was
advocated in view of the high incidence of hepatitis virus
infection in our population.®®7:% Significant side effects
specifically resulting from pyrazinamide and ethambutol
were rare, consistent with their good tolerance and safety
reported in children.25%-19% Nevertheless, active
pharmacovigilance measures should be in place to
ensure early detection and proper management of
adverse drug reactions and potential interactions with
other drugs.04105

Conclusion

This study represented the first territory-wide multi-
center prospective surveillance study on childhood TB.
Itindicated a bimodal age distribution and female gender
predominance especially in adolescents. South Asian
children, immigrants and Down syndrome patients were
found to be more likely to have TB. There were
significant acute presentations through A&E service in
the younger age group and referrals from the private
sector in the older age group. Contact history was
common and positive contacts were mainly parents.
Contact tracing was useful for case finding. Most had
received BCG vaccination. Majority was new cases.
Pulmonary TB was the commonest form; miliary and
CNS TB were infrequent. HIV was rare. Laboratory
diagnosis was confirmed in majority of cases. Tuberculin
skin test remained useful in general while histology tests
and CT scan achieved high diagnostic values. Most
were treated with anti-TB drug therapy and there was
no mortality. Drug resistance rates remained low and
there was no MDR-TB. BCG booster and female gender
were associated with greater risks for developing more
complicated disease pathologies. Adverse drug reaction
incidences remained low. With the cessation of BCG
revaccination program in 2000, socio-economic
changes after Hong Kong's return to mainland China,
expected increase in HIV infection and global
emergence of MDR-TB, it would be important to study
the case characteristics and trends of childhood TB in
future studies in order to better target our disease control
and management strategies against childhood TB.
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