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ABSTRACT

Objectives: We sought to determine the total proportion of pediatric tuberculosis cases,
characterize tuberculosis by its anatomical location and pretreatment sputum smear
status, and to determine the association of the sociodemographic and clinical factors
with tuberculosis disease among pediatric patients in Kelantan from 2012 until 2015.
Methods: We conducted a comparative cross-sectional study between tuberculosis cases
and tuberculosis contacts among pediatric patients using the Tuberculosis Information
System as a source population. All notified cases that fulfilled the inclusion and exclusion
criteria were included in the study. Descriptive statistics, simple and multiple logistic
regressions were used for data analysis. Results: Of 5412 tuberculosis cases, 456 (8.4%)
were pediatric patients with a mean age of 15.9 years. The majority had the pulmonary
form of tuberculosis (78.1%) followed by the extrapulmonary (14.9%) and pulmonary
form with concomitant extrapulmonary (7.0%) forms. Of all pulmonary tuberculosis
cases, 64.9% were sputum smear-positive, and 35.1% were sputum smear-negative. Among
322 pediatric patients with tuberculosis, the majority were Malay (90.7%), 8.4% were
illiterate, and 79.5% resided in non-urban areas. Of all cases, 2.8% were HIV-positive,
and 14.6% were cigarette smokers. Older age, Malay ethnicity, female gender, non-urban
residence, good education level, and cigarette smoking were the significant associated
factors for tuberculosis disease among pediatric patients with an adjusted odds ratio (aOR)
of 1.41 (95% confidence interval (CI): 1.29-1.54; p < 0.001), 0.17 (95% CI: 0.07-0.44;
£<0.001),1.88 (95% CI: 1.33-2.65;p < 0.001), 1.92 (95% CI: 1.33-2.79; p =0.001),0.20
(95% CI: 0.12-0.33;p < 0.001), and 3.35 (95% CI: 1.86-6.01;p < 0.001), respectively.
Conclusions: The study will assist practices of tuberculosis detection and control
management in the local setting and may help other national tuberculosis programs to
review their detection criteria with similar statistics.

alaysia is a country located in

Southeast Asia and recognized as

an upper middle-income country

with a population of 31 million.
Malaysia’s population comprises many ethnic
groups. The Malays predominantly inhabit the
Malay Peninsula and parts of Borneo and form
the largest community in Malaysia. The second
largest ethnic group is the Chinese who make up
23.2% of the population. The Indian community
in Malaysia is the smallest of the three main
ethnic groups, comprising only 7.0% of the total
population. Other minorities include non-Malay
indigenous peoples, including ethnic Siamese,
Khmers, Chams, and the natives of Sabah and
Sarawak. The state of Kelantan is in the Northeast

of Peninsular Malaysia, and its people are majority
Malay (95.7%).!

The Western Pacific region, of which Malaysia
is part of, accounted for nearly 60% of the
world’s tuberculosis cases in 2012. Our adjacent
neighbors Indonesia, the Philippines, and Thailand
were three of the 22 countries with the world’s
highest tuberculosis burden.** The World Health
Organization (WHO) reported that in 2015,
there were one million children and adolescents
infected with tuberculosis around the world, and
more than 136000 die annually.® A recent report
from Malaysian Ministry of Health depicted that
the proportion of tuberculosis cases among children
and adolescents in Malaysia range 17-20% of total
tuberculosis cases with increasing trend from 2010
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t0 2015.* Meanwhile, the proportion of tuberculosis
cases among the pediatric group in the Kelantan state
ranges from 1% to 3.01% of total cases from 2000 to
2015 also with an increasing trend.’

The proportion of tuberculosis cases among
children and adolescents globally varies from 6.6% to
39.2%."* According to the WHO, the proportion
was higher in Africa (16.0% to 39.2%), followed
by the Eastern Mediterranean region (35.0%),
Southeast Asia (20.0%), the Americas (6.6% to
17.3%), and the Western Pacific region (8.5%).2

The pediatric age group includes all those up to
the age of 21.” Any child or adolescent (10 to 19
years old) infected with Mycobacterium tuberculosis
may develop tuberculosis. Most children develop
tuberculosis disease within one year of becoming
infected. Adolescence is another period during
which there is an increased risk of developing
active disease.'* Tuberculosis can be classified
diagnostically based on anatomical locations and
pretreatment acid-fast bacilli (AFB) sputum smear
status.”” By anatomical location, tuberculosis can
take place in either pulmonary or extrapulmonary
sites. Most tuberculosis cases affect the lungs and
is known as pulmonary tuberculosis. This form of
tuberculosis disrupts the lung parenchyma and leads
to structural changes, which are demonstrated by
abnormal chest X-ray findings and may be infectious.
In addition, tuberculosis can also take place in any
anatomical location or as disseminated disease.
This form of tuberculosis is known as extrapulmonary
tuberculosis and affects organs such as the pleura,
lymph nodes, genitourinary tract, abdominal
organs, skin, joints and bones, or meninges.
Persons with extrapulmonary tuberculosis are
usually not infectious unless they sustain pulmonary
tuberculosis concomitantly.®

The classification of tuberculosis patients can also
be in accordance with the grading of pretreatment
sputum smear results on diagnosis. Patients with a
chronic cough or suspected with tuberculosis should
convey a minimum of two specimens of sputum for
microscopic laboratory investigation for the presence
of M. tuberculosis. The result will determine whether
patients have smear-positive pulmonary tuberculosis
or smear-negative pulmonary tuberculosis.!”
Pulmonary tuberculosis is the commonest form of
tuberculosis in Malaysia; however, extrapulmonary
tuberculosis still poses a threat to the nation."” In
children, pulmonary tuberculosis is most common,

and sputum smear-negative disease is most frequent.
Cases in which sputum cannot be obtained for
smear microscopy are considered to be and reported
as sputum smear-negative. Extrapulmonary
tuberculosis occurs in approximately 20-30% of all
cases in children. Adolescents are at particular risk of
developing adult-type disease, which is why they are
often sputum smear-positive and highly infectious.™*

We sought to estimate the total proportion of
patients with pediatric tuberculosis, characterize
tuberculosis by its anatomical location and sputum
smear status, and to determine any association of
the sociodemographic and clinical determinants
with tuberculosis infection among pediatric
patients in Kelantan. The known sociodemographic
determinants contributing to tuberculosis infection

among children and adolescents are older age,'*'*"

3,20,21

Malay ethnicity, male sex,®? low education

1,> and residents of rural areas.® Known

leve
clinical determinants associated with tuberculosis
infection include cigarette smoking>® and positive
HIV status.»'*** We expect that the findings of our
study could provide important criteria of children
and adolescents to be prioritized for tuberculosis
screening, early diagnosis and prompt treatment,
and might mitigate the dynamic transmission of

tuberculosis in the community.

METHODS
We conducted a comparative cross-sectional study
design based on a retrospective record review in the
Tuberculosis and Leprosy Control Unit, Kelantan
State Health Department.

The reference populations were all pediatric
tuberculosis patientsin Kelantan,and the study samples
were children and adolescents with tuberculosis
and non-tuberculosis in Kelantan registered in the
Tuberculosis Information System (TBIS) from 2012
to 2015 who fulfilled study inclusion and exclusion
criteria. The inclusion criteria were confirmed cases of
tuberculosis who were notified to respective District
Health Offices in Kelantan and registered in the
TBIS from 1 January 2012 to 31 December 2015.
Non-tuberculosis cases were tuberculosis contacts
with no symptoms, negative Mantoux test, no chest
radiograph abnormality, and registered in the TBIS
from 1 January 2012 to 31 December 2015. Both
cases and non-tuberculosis cases must be of pediatric
age (1-19 years old).
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The sample size was calculated for each variable
of associated factors for tuberculosis disease
among pediatric patients using power and sample
size calculation software® as well to compare two
independent proportions. The largest estimated
sample for each group was 322 using the proportion
of non-tuberculosis children and adolescents by
the factor of urban residence (0.61),> an estimated
proportion of 0.49, 5% type 1 error, 80% power, and
additional 20% missing data.

Data were collected from Kelantan TBIS. TBIS is
an online registry set up by the Ministry of Health for
surveillance of tuberculosis disease in Malaysia. The
retrieved information includes sociodemographic
data (age, ethnicity, gender, location of residence,
and education level) and clinical factors (HIV
and cigarettes smoking status). Using Kelantan
TBIS, we found a total of 15333 tuberculosis cases
and tuberculosis contacts among the pediatric
group from 2012 to 2015. These were subdivided
into tuberculosis cases and non-tuberculosis case
sampling frames. From each sampling frame, we
used a simple random sampling method to obtain
322 study samples for each group. The flowchart for
this study is shown in Figure 1.

We defined good education level as those who
attended school at least up to age 10.” Urban areas
were defined as gazette areas with a combined
population of 10000 or more. Meanwhile, rural
areas were defined as gazette areas with a combined
population of less than 10000.¢

The study was approved by the Human Research
and Ethics Committee, Universiti Sains Malaysia
(USM/JEPeM/16120592) and the Medical Review
and Ethical Committee from National Institute of
Health, Ministry of Health, Malaysia (NMRR-16-
2348-33521 IIR).

We used SPSS Statistics (IBM Corp. Released
2013. IBM SPSS Statistics for Windows, Version
22.0. Armonk, NY: IBM Corp) for data entry
and analysis. Descriptive statistics with mean and
standard deviation (SD), frequency and percentages
were calculated. Simple and multiple logistic
regression analysis were used to determine factors
associated with tuberculosis disease among pediatric
patients. All significant variables with a p-value
< 0.250 from univariable analysis and clinically
important variables were chosen for multiple logistic
regression analysis. A p-value < 0.050 was considered
statistically significant.

Source population
Al pediatric patients with tuberculosis and non-tuberculosis in Kelantan registered in
Tuberculosis Information System from January 2012 to December 2015 (n = 15333)

Sampling frame
Tuberculosis cases (n = 456)

Sampling frame
Non-tuberculosis cases (n = 14 877)

Simple random sampling method

Study sample
(n=322)

Study sample
(n=322)

Data entry, analysis, and SPSS interpretation

Figure 1: Flowchart of the study for factors
associated with tuberculosis infection among
pediatric patients in Kelantan.

RESULTS

There were 5412 tuberculosis cases, and 36356
tuberculosis contacts notified and registered in
Kelantan TBIS during the four-year study period
(2012-2015). The proportion of tuberculosis
among pediatric patients in Kelantan was 8.4%
(95% confidence interval (CI): 0.08-0.09) or
456 cases out of total 5412 tuberculosis cases.
Of these, 356 (78.1%) cases were pulmonary
tuberculosis, 68 (14.9%) cases were extrapulmonary
tuberculosis, and 32 (7.0%) cases were pulmonary
tuberculosis with concomitant extrapulmonary
tuberculosis [Figure 2].

The pretreatment sputum AFB smear distribution
for all 388 pulmonary tuberculosis (including the

32(7.0%)

68 (14.9%)

356 (78.1%)

Il Pulmonary tuberculosis
I Extrapulomanary tuberculosis

I Pulmonary tuberculosis with concomitant extrapulomary tuberculosis

Figure 2: Tuberculosis categories among pediatric
tuberculosis patients in Kelantan (n = 456).
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136 (35.1%)

252 (64.9%)

I Sputum positive
I Sputum negative

Figure 3: Pulmonary tuberculosis classification
based on pretreatment sputum AFB smear status
among pediatric tuberculosis patients in Kelantan
(n=388).

Table 1: Sociodemographic and clinical
characteristics among pediatric respondents
registered in Kelantan, 20122015 (n = 644).

Factors Frequency (%)
Tuberculosis Non-tuberculosis
cases cases
(n=322) (n=322)
Age, years 15.9 + 3.7* 125 +5.1*
1-9 29 (9.0) 89(27.7)
10-19 293 (91.0) 233 (72.4)
Gender
Male 145 (45.0) 166 (51.6)
Female 177 (55.0) 156 (48.4)
Ethnicity
Malay 292 (90.7) 315(97.8)
Others 30 (9.3) 7(2.2)
Education
Good 295 (91.6) 233 (72.4)
Poor 27 (8.4) 89 (27.6)
Location
Non-urban 256 (79.5) 219 (68.0)
Urban 66 (20.5) 103 (32.0)
Smoking
No 275 (85.4) 302 (93.8)
Yes 47 (14.6) 20 (6.2)
HIV status
Negative 313 (97.2) 321(99.7)
Positive 9(2.8) 1(0.3)

“Mean=standard deviation.

pulmonary form with concomitant extrapulmonary
tuberculosis) cases was 252 (64.9%) sputum
positive cases, and 136 (35.1%) sputum negative
cases [Figure 3].

A total of 644 samples were included in this study
with 322 samples for each group of tuberculosis and
non-tuberculosis cases [Table 1]. The mean age of
children and adolescents with tuberculosis was
higher compared to those with non-tuberculosis.
Children aged 10-19 years old contributed most
tuberculosis cases (n = 293, 91.0%). The majority
of tuberculosis cases were Malay children and
adolescents (n = 292, 90.7%). Females were more
prone to contract tuberculosis (n = 177, 55.0%).
Tuberculosis cases showed a higher percentage for
residents in non-urban areas with 256 cases (79.5%)
and among children and adolescents with a good
level of education with 295 cases (91.6%). The
majority of children and adolescents diagnosed with
tuberculosis were non-smokers (n = 275, 85.4%),
and had negative HIV status (n = 313, 97.2%).

Multiple logistic regression analysis revealed
age, gender, education level, location of residence,
and smoking status were the significant associated
factors for tuberculosis infection among children
and adolescents [ Table 2].

DISCUSSION
The proportion of tuberculosis cases among pediatric
patients in Kelantan was 8.4% (95% CI: 0.08-
0.09). Our finding is similar to the finding from a
national data study where children and adolescents
comprised about 8.5% out of total tuberculosis
cases nationwide.?

We found that the majority of cases among
pediatric patients in Kelantan were pulmonary
tuberculosis (78.1%). This finding is congruent with
areport from the WHO, which showed 70-80% of
children with tuberculosis had pulmonary form.'*
In Malaysia, a high incidence of tuberculosis was
seen among 10 to 19 years old.> The finding was
consistent with our study. Since this age group
represents adolescents, it explains the reason for the
high incidence of sputum smear-positive tuberculosis
in our study because adolescents are at particular risk
of developing adult-type disease (that is, they are
often sputum smear-positive and highly infectious).!
Our study revealed the mean age for tuberculosis
among children and adolescents was 15.9 years
old. The finding showed slight discrepancy with
a matched case-control study from Brazil that
analyzed the risk factors for tuberculosis infection
among older children where the mean age of the

OMAN MED J, VOL 34, NO 2, MARCH 2019



114

HAFI1ZUDDIN AWANG, ET AL.

Table 2: Factors associated with tuberculosis infection among pediatric patients in Kelantan, 2012-2015,

using multiple logistic regression (n = 644).

Factors Crude OR*® Adjusted OR® Wald statistics® p-value®
(95% CI) (95% CI)

Age 123 (1.17-1.29) 141 (1.29-1.54) 60.56 (1) <0.001

Gender 12.90 (1) <0.001
Male 1.00 1.00
Female 1.29 (0.95-1.77) 1.88 (1.33-2.65)

Ethnicity 13.35(1) <0.001
Orthers 1.00 1.00
Malay 0.22 (0.09-0.50) 0.17 (0.07-0.44)

Education 39.32(1) <0.001
Good 1.00 1.00
Poor 0.24 (0.15-0.38) 0.20 (0.12-0.33)

Location 11.90 (1) 0.001
Urban 1.00 1.00
Non-urban 1.82(1.28-2.61) 1.92 (1.33-2.79)

Smoking 16.33 (1) <0.001
No 1.00 1.00
Yes 2.58 (1.49-4.47) 3.35(1.86-6.01)

HIV infection 3.20 (1) 0.073
No 1.00 1.00
Yes 9.23(1.16-73.28) 6.76 (0.83-54.77)

PAY imp/e /agiytic regression, b/l/fu/tlp/e lo gistic regression (f()mwvl lo gl'xtz'c ngiwﬂ'on method /zpp/ia/ ).
No multicollinearity and no intevaction found. Classification table 74.5% correctly classified.
Area under receiver operating characteristics curve was 79.5%. OR: odds ratio; CI: foig?dma’ interval.

enrolled patients was 14.4 years.® Another study on
the prevalence of tuberculosis among adolescents in
Western Kenya reported the mean age as 14.4 years.®
In our study, age was a significant factor associated
with tuberculosis infection (aOR = 1.41, 95% CI:
1.29-1.54; p < 0.001). An increase of one year of age
has a 1.4-times increase in the odds of contracting
tuberculosis. Similar findings were reported from
a cohort study in South Africa among adolescent
tuberculosis patients.”® A possible explanation is
that older age is associated with engaging in multiple
health and disease risk behaviors.”” Moreover, this
finding may explain the high incidence of sputum
smear-positive tuberculosis, which is believed to be
attributed to the older age or the adolescent group.
Sputum positive patients are capable of transmitting
infection. The number of bacilli depends on the
extent of the lesion or the presence of lung cavitation
in the pulmonary form of tuberculosis. The larger
the cavity or lesion, the larger the amount of bacilli
present. Thus, the grading of a positive smear reflects
the extent of lesion in a patient as well as being directly
proportional to the infectiousness of the case.?®

We found a significant association between
gender and tuberculosis infection. More than half
of patients were female (55.0%), and both female
children and adolescents were almost twice as likely to
get tuberculosis infection. This finding is in line with
three different studies conducted among children
and adolescents with tuberculosis in Uganda,
Pakistan, and South Africa.”!*!® All these studies
showed that female children and adolescents had
higher odds of getting tuberculosis infection. Some
studies have shown that males with risk factors such
as smoking, alcoholism, drug addiction, and HIV
infection acquire tuberculosis more than females,
so the sex difference in tuberculosis prevalence was
attributable to these factors.???* However, there is
a possible explanation for the shift of notification
rate towards female group. It is possible that female
adolescents are simply more likely to use health
services during their reproductive years. A study
from the US reported that different health-seeking
behaviors by females would increase their chance
of being diagnosed should they have symptoms of
tuberculosis.’ It is known that male patients seek
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help and use health services less frequently than
female patients. Adherence to patriarchal masculine
characteristics, such as superiority, independence,
self-reliance, and dominance may act as a barrier
to men accessing and using health services and
consequently prevents diseases from being diagnosed
and treated.?

We also found a significant association between
other sociodemographic determinants such as
ethnicity and education level with tuberculosis
infection among children and adolescents. Malay
ethnic people comprised the majority of the studied
patients most probably due to the high Malay
population (95.7%) in Kelantan.! A conclusion that
tuberculosis was prevalent among Malay children
and adolescents cannot be made because there were
few non-Malay patients in this study. Therefore, the
variable cannot be used to test the causal hypothesis.

In contrast with our findings, a study by Liew
et al,’ showed that patients without any formal
education were 1.94-fold more likely to develop
tuberculosis compared to the educated group. Our
study revealed that educated children and adolescents
were more prone to tuberculosis infection. This
finding is supported by a previous study in Brazil,
which reported that there is evidence indicating
the lack of knowledge and misinformation about
tuberculosis among educated group could expose
them to the same risk of getting tuberculosis as the
uneducated group.?® Possible reasons could be due to
lack of tuberculosis awareness or education programs
that focus on the educated group. There are many
issues that contributed to the lack of tuberculosis
awareness or education programs. Among the issues
was the community’s reluctance to take ownership of
health issues as educated people in some cultures are
more reluctant to participate in health activities.*
Alternatively, it may suggest that educated patients
have better health-secking behavior and are well-
informed about the need to seek treatment for
tuberculosis. This is supported by qualitative research
findings on perceptions of tuberculosis and health-
secking behavior in rural Inner Mongolia, China,
which reported that less educated people and low-
income groups were less likely to seck care, or more
likely to seck care at village level where it is cheaper.
Both financial and structural barriers were found to
stop them from seeking proper health care.?s

We also found a significant association between
area of residence and tuberculosis infection among

children and adolescents. Children and adolescents
residing in rural areas had 1.9-times higher odds
of getting tuberculosis compared to those in
urban areas. The result was in line with a study in
Western Kenya, which reported that rural children
were more likely to get tuberculosis and accounted
for 87% of the total caseload.® The prevalence of
tuberculosis among rural residents are majorly due
to lack of knowledge regarding the disease itself. It
is reported through a study in a northern rural area
of Vietnam that knowledge of causes, transmission
routes, symptoms and curability of tuberculosis was
low among rural people. They reported that 82% of
women and 74% of men residing in rural areas did
not know that tuberculosis is caused by bacteria. A
large proportion reported that tuberculosis is caused
by hard work or it is a hereditary disease.*

The result of this study showed that children
and adolescents who smoke cigarettes were three-
times more likely to develop tuberculosis infection
compared to non-smokers. Findings of this study
are in line with another study conducted among
older children in Brazil which showed that tobacco
smoking has a significant impact on tuberculosis
infection.® In a cross-sectional population survey
in South Africa, data on smoking and tuberculin
skin test (TST) results of 2401 respondents aged
15 years and above were compared. Out of 1309
current or ex-smokers, 1070 (82%) had a positive
TST indicating that cigarette smoking increases
the risk of M. tuberculosis infection.”” Another
case-control study on the association between
tobacco smoke and tuberculosis among children
in Thailand revealed that children who were also
exposed to tobacco smoke were almost four times
more likely to get tuberculosis infection compared
to the unexposed group.” Smokers were more likely
to develop tuberculosis due to pathophysiological
changes in their respiratory pathway. Smoking not
only induces local anatomical disruption, but it also
elicits a complex immunological response among
smokers.*”” A likely explanation is that nicotine turns
off the production of TNF-a by the macrophages in
the lungs, rendering the patient more susceptible to
the development of progressive disease from latent
M. tuberculosis infection™.

Multivariable analysis showed no significant
association (p = 0.073) between HIV status
and tuberculosis infection among children and
adolescents, after controlling potential confounding
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factors. This finding was in agreement with a study
in rural Eastern Uganda, which also projected
there was no significant association between HIV
status and tuberculosis infection among children
and adolescents.”” However, it is well-known
from previous studies that tuberculosis is among
the commonest opportunistic infection in HIV-
infected patients.*’ HIV-positive people are 20-30
times more likely than HIV-negative people to
develop tuberculosis in countries with a generalized
HIV epidemic. Tuberculosis is also a major cause of
morbidity in HIV-infected children. HIV-infected
children have a 20-25-fold higher incidence of
contracting tuberculosis than uninfected children,
with an overall tuberculosis incidence in South
African HIV-infected children of 9.2% (95%
CI: 0.14-0.97).2

Among limitations of the study are its small
sample size of HIV-positive patients and limited
samples from other ethnicities besides Malay.
Moreover, the use of a cross-sectional study
design may only reveal the association between
sociodemographic and clinical factors with
tuberculosis rather than a proper sequence of cause
and effect.

CONCLUSION

The most common of tuberculosis disease among
pediatric patients in Kelantan was the pulmonary
form and sputum smear-positive. The identified risk
factors for tuberculosis were older age, female gender,
good education level, rural residence, and cigarette
smoking. Our study widens the comprehension and
understanding of the epidemiology of tuberculosis
among pediatric patients and its associated factors.
Future cohort studies including a wider range of
other factors such as nutritional status, social factors
(specifically household condition), and molecular
level factors contributing to tuberculosis discase
are needed. It is hoped that the findings from this
study may assist health authorities to design a better
and comprehensive plan for national tuberculosis
control, focusing more attention towards the
pediatric age group.
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