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ABSTRACT

  In this hospital based case control study, children attending Siriraj hospital 
and Queen Sirikit National Institute of Child Health during 1 December 2002 to 30 
June 2003 were studied to define factors associated with TB in BCG immunized 
children (n=260).  Subjects of the same age and sex were divided into case and 
control groups by Tuberculosis status. Caretakers were interviewed with a structured 
questionnaire. Data were analyzed by univariate analysis and multivariate analysis for 
biological factors  (birth weight, health status, nutritional status),  socioeconomic 
factors (parental education, education of caretaker, parental occupation, household 
incomes, and stability of household incomes), and environmental factors (history of 
contact with tuberculosis patient, housing ventilation, child’s bedroom ventilation, 
biomass smoke, passive smoking, crowded family and crowded in child’s bedroom).

The findings showed that children who had contact with TB patient had higher 
risk of TB manifestation. The risks vary according to closeness level: very close          
(OR 85.67, 95%CI = 11.33-647.79), close (OR 31.11, 95%CI = 3.93-246.22) and not 
close (OR 32.70, 95%CI = 4.18-255.94).  Average number of persons per room: 5 
persons or higher (OR 2.41, 95%CI = 1.06-5.52) and close (level) under passive 
smoking  (OR 5.50, 95%CI = 2.17-13.95) were influencing factors that increase the 
risk of development of TB in children. The findings suggested that public health 
organization must set a TB surveillance system in high  density communities, and 
encourage smokers in every family to avoid smoking near children. Moreover, the 
latent tuberculosis treatment recommendation of TB cluster of Bureau of AIDS TB 
and STIs must be implemented in all health centers and an effective TB control 
program must be created.
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บทคัดยอ
การศึกษานี้เปนการศึกษาแบบ hospital based case control study เพื่อศึกษาปจจัยที่มีอิทธิ

พลตอการปวยเปน วัณโรคในเด็กที่มีประวัติการไดรับวัคซีน บีซีจี โดยเก็บขอมูลจากผูปวยที่มารับ
การตรวจรักษาที่สถาบันสุขภาพเด็กแหงชาติ มหาราชินี และภาควิชากุมารเวชศาสตร ศิริราช
พยาบาล ระหวางวันที่ 1 ธันวาคม 2545 ถึงวันที่ 30 มิถุนายน 2546 กลุมศึกษาคือผูปวยวัณโรคจาก
สถานพยาบาลทั้ง 2 แหง จํานวน 130 คน  และกลุมควบคุมคือ ผูปวยแผนกกระดูกและขอ สถาบัน
สุขภาพเด็กแหงชาติ มหาราชินี จํานวน 130 คน ที่มีอายุ และเพศเดียวกับกลุมศึกษา การศึกษานี้ได
ศึกษาตัวแปรดานชีวภาพ ไดแก ภาวะทุพโภชนาการ, สถานะสุขภาพ และน้ําหนักแรกเกิด  ดานสิ่ง
แวดลอม ไดแก การถายเทอากาศภายในบาน และหองนอนเด็ก, การไดรับควันบุหร่ี, ประวัติการ
สัมผัสผูปวยวัณโรค, ความหนาแนนในครอบครัว  และการไดรับควันไฟจากเตาฟน  ดานเศรษฐ
ฐานะ  ไดแก ความรู และอาชีพของบิดามารดา, ความรูของผูเล้ียงดูเด็ก, รายไดของครอบครัวตอ
เดือน และความสม่ําเสมอของรายได พบวา เด็กที่มีประวัติสัมผัสกับผูปวยวัณโรคจะมีความเสี่ยงตอ
การปวยเปน   วัณโรคสูงกวาเด็กที่ไมมีประวัติดังกลาว โดยความเสี่ยงจะแตกตางกันตามระดับของ
ความใกลชิด เชน ใกลชิดมาก  (OR  85.67, 95%CI  = 11.33-647.79), ใกลชิด (OR 31.11, 95%CI  = 
3.93-246.22) และ ไมใกลชิด (OR 32.70, 95%CI = 4.18-255.94) ความหนาแนนในครอบครัวเฉลี่ย
มากกวา 5 คนตอหอง (OR 2.41, 95%CI = 1.06-5.52) และการสัมผัสใกลชิดตอควันบุหร่ี (OR  
5.50, 95%CI =2.17-13.95) เปนปจจัยสนับสนุนทําใหเด็กปวยเปนวัณโรคแมวาจะเคยไดรับวัคซีนบี
ซีจีแลว ดังนั้น หนวยงานดานสาธารณสุขควรจะสรางระบบการเฝาระวังวัณโรคในเด็ก โดยเฉพาะ
ในกลุมพื้นที่ที่มีความหนาแนนของประชากรสูง  ควรมีวิธีการปองกันวัณโรคอื่นๆ ที่นอกเหนือจาก
การใชวัคซีนบีซีจี เชนการใหการรักษาผูปวยวัณโรคแอบแฝง นอกจากนั้นควรจะมีการสรางความ
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CHAPTER I
INTRODUCTION

This last decade, tuberculosis (TB) continues to be a major cause of mortality 

and morbidity of world population, more than 20 millions people around the world 

suffered from active tuberculosis. Each year, 8-10 millions of new tuberculosis cases 

occur, 38 % of global cases (around 3 millions) live in South East Asia Region and 

75% of them died from disease.(1)

During the same period, the World Health Organization estimated the number 

of TB cases aged under 15 years old as 1.3 million and 450,000 deaths.(2)

Thailand is 1 of 24 countries with high burden due to TB (3), more than 

20,000  new cases of TB occur every year since 1990 and highest number  was in year 

2000, TB new cases were 32,012 (IR:64.25 / 100,000). (4)

Figure 1  Number of Tuberculosis cases, all forms, Thailand, 1983-2002

Source:   Epidemiological Surveillance Report. Division of  Epidemiology,

Ministry of Public health
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Figure  2   Number of Tuberculosis cases, all forms, by age-groups,

       Thailand,  1984-2002

  Source: Epidemiological Surveillance Report. Division of  Epidemiology,

                  Ministry of Public Health

Source: Epidemiological Surveillance Report. Division of  Epidemiology,

                  Ministry of Public Health
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 Figure 3  Number of TB meningitis cases in children under 15 years of age,
Thailand  ,1984-1999
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The highest number of tuberculosis cases was in age group 15 years old or 

more.  Although tuberculosis in children was almost neglected in TB control program 

because the lower number of cases than other age groups and more than 95 % of them 

had sputum smear negative, therefore they do not contribute to immediate spread of 

disease. Nevertheless, tuberculosis in children carry the biggest burden for three main 

reasons. First, they are more prone to develop severe extrapulmonary tuberculosis 

which cause death and disability. Second, they tend to develop severe pulmonary 

disease with bronchial obstruction. Third, they are more likely to develop the disease 

after being infected within weeks.  

The risk of developing disease after infection varies according to age group 

and other host factors  (malnutrition, HIV infection, immunosuppression) (5)

Table 1   The risk of developing disease after infection with  M. tuberculosis

by age group [Estimates] (6)

Age  group Risk of developing disease (percentage)

< 1 Year 43

1-5 years 24

Adolescent 15

Adult 5-10

 Source: Tuberculosis in children ,Miller R J W,1963.

Suggested by World Health Organization (WHO) to solve this problem, 

Ministry of Public Health use Bacillus Calmette Guerin (BCG) vaccination for TB 

prevention in Thailand, since 1967 Thailand implemented BCG vaccination to 

newborns and it was included in Expanded  Program in Immunization (EPI) in 1977. 

Therefore all children born in the government hospitals and health centers had 

received neonatal BCG vaccination.(7)
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Figure 5  Number of TB meningitis in children, Bangkok, 1960 - 1993

Source: General Communicable Disease Division

0

20

40

60

80

100

120

1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993

Year

Coverage
(Percent)

Age 0-1 Yrs.
School entrance

Copyright by Mahidol University



Fac. of Grad. Studies, Mahidol Univ.                                                                 M. Sc. (Public Health) / 5

After implement BCG vaccination in EPI program, morbidity and mortality 

of TB in children has been declining but since 1992 the number of TB in children has 

constant (Figure 3). That means the problem of TB in children stills persist. Some of 

BCG immunized children get sick with TB. They might have some factors that make 

them get sickness. Especially, the occurrence of tuberculosis in children is considered 

as of double importance because, firstly  it is  potentially (and should be effectively) 

preventable disease (8); secondly,  the present of tuberculosis in children reflects 

continuing transmission in the community (9) and thirdly, it serves as a warning signal 

that prevention and control of TB is not effective. (8)

Objective

To define factors associated with development of tuberculosis in BCG

Immunized children under 15 years of age.

Hypothesis

1.  Lower socioeconomic status ( parental education, education of  care-  taker,

parental occupation, household incomes, occupation of the head of household and

stability of household incomes) associated with development of tuberculosis

manifestation in BCG immunized children under 15  years of age.

2. Poor environment factors (history of tuberculosis patient contacted,

housing   ventilation, child’s bed room ventilation, biomass smoke, passive   smoking,

crowded family and crowded in child’s bed room) associated with development of

tuberculosis   manifestation in BCG immunized children under 15  years of age.

3.  Biological factors (birth weight, health status, nutritional status) associated

with development of tuberculosis manifestation in BCG immunized children under 15

years of age.

Copyright by Mahidol University
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Significance of research

 1.  To define  risk groups of Tuberculosis  in BCG vaccinated  children under

5  years old.

 2.  To develop TB  preventive  program  for BCG vaccinated children under

15 years old.

Variables

1. Dependent variable  : Tuberculosis  Manifestation

2. Independent variable : Define to  3 groups

2.1 Biological factors

- Birth weight

- Health status

- Nutritional status

2.2 Socioeconomic  factors

- Parental education

- Education of care taker

- Parental occupation

- Household income (per month)

- Stability of household income

2.3 Environmental factors  compound with

- History of TB patient contacted

- Housing ventilation

- Child’s bed room ventilation

- Passive smoking

- Biomass fuel

- Crowded family

- Crowded in child’s bed room

3. Controlled variables : HIV –negative, Age and Sex

Copyright by Mahidol University
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Definition

Case: BCG  immunized  children age under15 years old who was finally diagnosed as   

having tuberculosis disease by physician, and during treatment or followed up after 

complete treatment course at the one of study hospitals  between 1 December 2002 -30 

June 2003, without suggestive of HIV infection.

Control: BCG immunized children age under 15 years old who attend at study 

hospital with no clinical diagnosis as having tuberculosis disease or other lung 

diseases, and have the same sex and age (+ 2 year) as cases. No suggestive evidence of  

HIV infection.

BCG vaccine: Bacillus Calmette Guerin

BCG immunized children: Children with having BCG scar (at deltoid or buttock) or 

have BCG immunization record.

Health status: A number of illness per month and the underlying disease before the 

presence of tuberculosis disease.

Nutritional status: Defined by normal growth chart using height for age and weight 

for height scale and categories  into three groups as follow:

- Normal (Value higher than -1.5 SD.)

- Malnutrition moderate level (Value between –1.5 and  -2.0 SD.)

- Malnutrition severe level (Value less than -2.0 SD.) (10)

Birth weight: Weight of newborn, weight under 2,500 grams at birth is defined as low  

birth weight.

Copyright by Mahidol University
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Parental education: Education of father and mother defined by years in school as  

follow:

-  No educated

-  Elementary (1-6 years)

-  Secondary education or equivalence     (7-12 years)

-  Vocational degree  (13-15 years)

-  Bachelor degree or higher  (16+ years)

Education of care taker: Education of guardian or someone who usually take care 

children  at home.

Parental occupation: Career of father and mother, categories into 6 groups as follow:

- No occupation

- Unstable occupation (Daily wage earner)

- Employee (regular monthly wage earners)

- Trade / Self employed

Household incomes: Income  per month are  defined to 4 groups as follow:

-  Less than 5,000 baht

-  5,000 – 10,000 baht

-  10,001 – 20,000 baht

-  More than 20,000 baht

Stability of household income: Defined by types of income of family by month, 

stable ( Every month ) and unstable income (not every month)

History of TB patient contacted: Contacted with TB patient before presenting with 

TB, classified into 3 groups by closeness of contact (11) as follow:

-  Very close : Sleeping in the same room    ( regularly, irregularly )

-  Close : Eating, talking, living in same house

-  Not close : Mainly talking, but not living in  same house

Copyright by Mahidol University
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Housing ventilation: Defined by  a number of  window in living room  and presence   

of air conditioner

-  Good: The house has air hole or window/door more than 2 sides   of 

house’s wall which are always open.

-  Poor: The house has air hole or window/door less than 2 sides of 

house’s wall which are always closed or with presence of air conditioner.

Child’s bed room ventilation: Defined by  a number of  window in child’s bed room   

and/or presence   of air conditioner

-  Good: The bedroom has air hole or window/door more than 2  sides

of the wall and always open.

-  Poor: The house has air hole or window/door less than 2 side of the

wall and always close or with presence of air conditioner.

Passive smoking : Present of tobacco smoke in house, defined into 3 groups by 

closeness of smokers to the child.

-  Very close: Smoking with child in reach.

-  Close: Smoking in the room that the child stay.

                          -  Not close: Smoking out side house/room.

Biomass smoke: Present of biomass smoke from cooking fuel such as wood, coal,

dung cake in house.

Average number of person per room: A number of rooms in house divide to a

number of persons  in  house.

Crowded in child’s room: A number of person who sleeps in child’s room.

Copyright by Mahidol University
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CHAPTER II
LITERATURE REVIEWS

Tuberculosis

Tuberculosis (TB) is caused by the tubercle bacillus. In humans, the most 

prevalent infection  is caused by Mycobacterium tuberculosis, and Mycobacterium  

bovis  is a rare cause of tuberculosis, which is transmitted to human by drinking fresh 

cattle milk.(12)

M. tuberculosis  microorganism is acid fast bacilli, non motile, non 

sporulating,  pleomorephic rod and slow growing. (12,13,14)

Tuberculosis is spread from person to person through the air by droplet 

nuclei, particles 1 to 5 micrometer in diameter that contain tuberculosis causative 

agent.(13)

Droplet nuclei are produced by pulmonary tuberculosis patients when they 

cough, sneeze, sing or speak. The small droplet are normally present in any indoor 

space  by air and can keep them air-borne for 6 months. (15)

Table 2  Living duration in environment; for each form of M. tuberculosis

M. tuberculosis  form in environment Living time

  Droplet nuclei

       -  Outdoor space with sunshine

       -  Indoor space

  Tubercle bacilli

       - Flowing by air in indoor space

20-30 hours

6 months

8-10 days

Source: Tuberculosis Division , Department of communicable Disease Control

Copyright by Mahidol University
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Stage of  tuberculosis  in children

  Tuberculosis in children are divided into 3 major stages as below:

  1.  Exposure; means that the child has had significant contact with an adult or 

adolescent with suspected or proven infectious pulmonary tuberculosis, as investigated 

by tuberculin skin test, chest radiograph,  and physical examination. In this stage the 

tuberculin skin test is  negative, the chest radiograph is normal, and the child  lacks 

signs or symptoms of disease.

2.  Infection; that occurs when the individual inhales droplet nuclei containing  

M. tuberculosis, which  become established  intracellularly  within the lung and 

associated lymphoid tissue. In this stage the tuberculin skin test is positive, the child 

has no sign and symptoms of disease, and chest radiograph is either normal or reveals 

only calcifications or granuloma in the lung parenchyma and / or regional lymph 

nodes.

3. Disease; is said to occur when sign or symptoms or radiographic 

manifestations caused by M. tuberculosis become apparent. Forty percent of infant 

who had tuberculosis infection, develop the disease, which  always serious and life 

threatening  forms, within 1 to 2 years. (16,17)

Pathogenesis of tuberculosis

Tuberculosis infection

After inhalation, the droplet nucleus with  M. tuberculosis agent is carried to

the bronchial and colonizes at alveoli. The innate immune response by

alveolarmacrophages  ingest the agents but some are ineffective in killing them.

(12,14)

The bacillus is able to survive and can multiply  within the non-sensitized 

alveolar  macrophage. The bacilli multiply and create an area of inflammatory exudate 

at the site of entry. While the acquire immune response is not yet activated, the bacilli 

are carried through the local lymphatic system to the nearest group of lymph nodes 

that drain the area in which the focus is situated, the Ghon complex.  This complex 
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includes three elements; the primary pulmonary focus, lymphadenitis, and regional 

lymphadenitis (18). Some of tuberculosis agent spread to blood stream to distance 

organ or sites, such as bone marrow, liver and spleen, these all sites always seeded 

with M. tuberculosis, but they are unflavorable sites for this agent to grow.             

This organism favor to deposite in the upper lung zone, kidney, bone and brain, which 

have favor environment for their growth, and numerous bacterial divisions may occur 

before specific cellular immunity develops and limits its multiplication. (18,19)

During   2  to 12 weeks, the bacilli multiply itself to reach 103 to 104  in  

number, which is adequate to elicit a cellular immune response that can be detected by 

a reaction to the tuberculin skin test (14,18-19)

With the onset of cell-mediated immunity, which involves a variety of cell 

subsets  that are involved in numerous functions, the granuloma will form. It 

consistsof activated T cell and macrophage that limit multiplication and spread of the 

tubercle bacilli by capture the organism. (18)

The granuloma is often necrotic and eventually calcify. A small number of

living tubercle bacilli persist within the granulomas for years.(16)

Eventhough the initial lesion can occurs in all organs, but most occur in

subplural. Seventy to eighty-five percent of initial infection initiated one focus,

butmultiple foci are frequent in children.(17)

In most children the tuberculosis infection is walled off, clinical signs and 

symptoms and radiographic manifestation are absent, the only manifestation is a 

reactive  tuberculin skin test (16-17)

Tuberculosis Disease

   The manifestation of TB disease is in two forms.

   1. Primary tuberculosis; disease will develop at first-time infection, most

common during childhood. It has many causes involving susceptibility of host,

virulent agent and poor environment.

  2. Past primary tuberculosis; it is the result of the endogenous re-infection. 

The cause of this type of disease is organisms  which  were inhaled years or even 

decades earlier, that have remained dormant within infected organ and then become 
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reactivated. This type of tuberculosis occurs most commonly in adults, rare case occur 

in children age under 15 years.(14)

Type of tuberculosis in children

Tuberculosis is able to develop in any organs, therefore clinical manifestation

are different but they have similar symptoms of natural systemic effect, such as fever,

loss of appetite, weight loss, weakness, night sweats and malaise. Although

tuberculosis has been grouped in two categories, intra and extra thoracic tuberculosis

but only some types of this disease are always present in child.

1. Intrathoracic tuberculosis

              1.1 Primary pulmonary tuberculosis : the hall mark of the initial

disease  is relatively large size and importance of adenitis compared with the relatively

insignificant size of the initial focus in the lung, the nodes in the right upper

paratracheal area appear to be the ones most often affected. As the lymph nodes

continue to enlarge, partial obstruction of the regional bronchus may lead to hyper-

inflation and, eventually, to atelectasis. One half of children with primary pulmonary

TB have no physical sign, but infants are more likely to experience sign and symptoms

because of their small airway diameters relative to the parenchymal lymph node

changes. The most common symptoms is nonproductive cough and mild dyspnea.

Some infants have difficulty gaining weight or develop a true failure to-thrive

presentation. In some with bronchial obstruction show signs of air trapping, such as

localized wheezing or decreased breath sounds that may be accompanied by tachypnea

or frank respiratory distress. (17)

Bronchial obstruction due to enlargement of peribronchial lymph nodes, are

shown in x-ray film as a shadows. This shadows variously called  epituberculosis,

collapse consolidation, and segmental lesions that so often are seen in cases of

childhood TB. (16)

The anatomic sequelae result from segmental lesion is bronchiectasis,

sometimes stenoses, and elongation or shortenings. Occasionally, the chronic
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vascularity that accompanies bronchiectasis leads to poor oxygen saturation during

exercise and to restricted body growth. Also, bronchogenic carcinoma may arise years

later in the old scarred lesions remaining in the bronchus. (16)

             1.2 Plural effusion: cause by tuberculosis can be localized or

generalized, unilateral or bilateral. Localized pleural effusion so frequently

accompanies the primary focus that it practically is a component of the primary

complex.

All tuberculous effusions probably originate as a discharge of bacilli into the

pleural space from an adjacent lesion, often a subpleural pulmonary focus.

The onset of pleurisy usually is abrupt, resembling bacterial pneumonia, with

fever, chest pain, shortness of breath, and, on physical examination, dullness to

percussion and diminished breath sounds. The prognosis for children with tuberculous

effusion is generally excellent. Rarely, permanent impairment of pulmonary function

occurs secondary to the development of scoliosis. (16-17)

            1.3 Progressive pulmonary tuberculosis: this is a serious complication

of the primary complex in which the original pulmonary focus, enlarges steadily and

develops a large caseous center. The center then liquifies and emties into an adjacent

bronchus, creating a primary cavity. This liquifaction is associated with particularly

large numbers of tubercle bacilli, and this may be the young child who is capable of

transmitting M. tuberculosis to other individuals.

The stage then is set to the entire lung, where other foci of infection form. On

rare occasions, an enlarging primary focus ruptures into the pleural cavity, creating a

pneumothorax, or into the pericardial sac or the mediastinum.

The clinical symptoms of this form is severe fever, cough, malaise, and weight

loss, as well as signs of cavitation, such as egophony. Sometimes, especially during

convalescence from pulmonary parenchymal lesion, bullous lesions appear and persist

for several months. They seem to be associated, in children as in adults, either with

“tears” in damaged alveolar walls or with the emptying of caseum out of cavities.(16)

             1.4  Chronic pulmonary tuberculosis : this form sometimes referred to

as adult or reactivation tuberculosis, is the type of disease seen in pulmonary tissue

sensitized and immunized by an earlier tuberculosis infection. The lesion of chronic

pulmonary tuberculosis, more localized than those of the initial tuberculous lesion and
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less likely to spread to lymph nodes and blood stream, were due to “endogenous re-

infection”.  Chronic pulmonary tuberculosis was rare in children. It appears more

frequently among children in the lower socioconomic strata of society. It has been

noted that children who survive with a healed, untreated tuberculosis infection

acquired before  2  years of age rarely develop chronic pulmonary tuberculosis , but it

is much more frequent among children who acquire their initial infection after  7

years of age and particularly if they become infected close to the onset of puberty. The

most common clinical symptom of this form  is cough, fever of unknown origin, chest

pain, hemoptysis, and supraclavicular adenitis.

        1.5 Miliary tuberculosis: this form occurs when massive number of

tubercle bacilli are released into the blood stream, and is caused by caseous focus

erodes through the wall of a blood vessel. This type of disease usually occurs within  2

to  6 months of the primary infection. Although this form of disease is most common

in infants and young children, it is also found in older adults as a result of  the

breakdown of a previously healed or calcified pulmonary  lesion That formed years

earlier.

The clinical manifestation of miliary  tuberculosis are protean and depend on

the load of organisms that disseminate and where they lodge.(20)

The most common organs involved in  miliary disease are lungs, spleen, liver, 

and bone marrow. The onset of clinical miliary disease is insidious (21). The patient 

may not be able to pinpoint the exact time of initial symptoms accurately. Early 

systemic signs include malaise, anorexia, weight loss, and low grade fever. At this 

time, abnormal physical signs are usually absent. Within several week, 

hepatosplenomegaly and generalized lymphadenopathy develop in about one half of 

cases. About this time the fever may become higher and more sustained. Within 

several more weeks, the lungs become filled with tubercles and dyspnea, cough, 

wheezing  occur. As the pulmonary disease progresses, alveolar air block syndrome 

may results in frank respiratory distress, hypoxia, pneumothorax, or 

pneumomediastinum. The diagnosis of miliary tuberculosis is usually established by 

finding a consistent clinical picture and the typical chest radiograph findings of millet 

seed-like lesion.
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2. Extra thoracic tuberculosis

        2.1 Central nervous system tuberculosis : tubercle bacilli distribute into

all parts of the central nervous system (CNS) during lymphohematogenous spread.

Tuberculous meningitis rise from casous foci, often very small ones, situated in the

brain or meanings. The  caseous foci discharge bacilli directly into the subarachnoid

space, resulting in a thick gelatinous exudate that lies in the meshes of the pia-

arachnoid, where it infiltrates the walls of meningeal arteries and vein. Inflammation,

caseation, and obstruction are produced and extend along small vessels into the cortex,

occluding blood vessels and producing infarcts (22).

The combination of vascular lesions producing infarcts, interference with

cerebrospinal  fluid flow resulting in hydrocephalus, and direct cranial nerve

involvement cause the devastating damage that all too often results from tuberculous

meningitis.

  Meningitis is extremely rare in infants less than 4 months of age because

pathologic events usually need this time to develop. It is most common in children

between  6  months and  4  years of age. Because tuberculous meningitis  is an early

manifestation of the initial infection, occuring within  2  to  6  months after infection

(23). Although  the onset of  tuberculous meningitis may be explosive, it is more often

gradual, occurring  over a period of about  3  weeks (16,24).

 The disease is often divided into  3  stages.

 The first stage is characterized by personality change, irritability, list- lessness, 

and some fever. After  1 or  2  weeks, the disease passes into the second stage, when 

signs of increased intracranial pressure and cerebral damage appear: drowsiness, stiff 

neck, cranial nerve palsies (especially of the third, sixth, and seventh nerves), 

inequality of pupils, vomitting, or other focal neurologic signs. Although some 

children have no evidence of meningeal irritation, abnormal movements, or speech 

impairment. The third stage is marked  by coma; hemiplegia or paraplegia; 

hypotension; porturing; deterioration in vital signs; and, eventually, death. 

occasionnally , papilledema is noted.

The prognosis of tuberculous meningitis correlates most closely with the 

clinical stage at the time of chemotherapy has started (25). The treatment outcome in 

Copyright by Mahidol University



Fac. of  Grad. Studies, Mahidol Univ.                                                              M. Sc. (Public Health) / 17

each stage is, first stage; nearly every case survives; second stage; children who 

survive have permanent disabilities including blindness, deafness, paraplegia, diabites 

insipidus, or mental retardation. The treatment result for young infants is worse.

  Tuberculoma is manifested clinically as a brain tumor. Tuberculomas are 

more common in children less than 10 years of age. In children, they are often 

infratentorial, located at the base of the brain near the cerebellum. A well recognized 

phenomenon is the development of symptomatic intracranial tuberculomas when the 

child is undergoing therapy for meningeal, miliary, or even pulmonary tuberculosis. 

Tuberculoma always accompany with any form of tuberculosis. The most common 

signs or symptoms of tuberculoma is headaches, convulsions, fever, and other signs 

and symptoms usually associated with brain abscess or tumor.(17)

             2.2 Cutaneous tuberculosis: which arises as an extension of disease 

from the primary focus, from hematogenous dissemination, or from hypersensitivity to 

the tubercle bacillus. The skin lesion associated with the primary complex may be 

causes by direct inoculation of tubercle bacilli into a traumatized area such as a lesion 

on the sole of a child’s bare foot, an insect bite, or the foreskin at the time of ritual 

circumcision. The initial skin focus usually is a small, painless nodule, sometimes with 

tiny satellite lesions that soon turn into indolent ulcers without surrounding 

inflammation. The most striking feature is regional lymphadenitis. Fever and systemic 

reactions minimal; low-grade pyogenic infection. A strongly positive  tuberculin skin 

test usually is present.

 Scrofuloderma indicates tuberculosis of the skin overlying a caseous lymph 

node (most often in the cervical area) that has ruptures to the outsides, leaving either a 

shallow ulcer or a deep sinus, some times surrounded by a cluster of nodules. At 

present, it is rare because the diagnosis is usually made before node rupture.  

Manifestations that result from hematogenous dissemination are papulonecrotic 

tuberculous and tuberculosis verrucosa cutis.

Papulonecrotic tuberculids are miliary tuberculosis in the skin. That usually 

appear as tiny papules with “apple jelly centers”, most often on the trunk, thighs and 

face. Tuberculosis verrucoca cutis is a condition characteried by large (several 

centimeters in diameter) papulonecrotic tuberculosis. The lesion usually appear on the 

arms, legs or buttocks.
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 Erythema nodosum formely was a common manifestation of hypersensitivity 

to tuberculis. Usually beginning with fever and systematic toxicity soon after initial 

infection, it is characterized by large, deep, painful, indurated nodules on the skin and 

sometimes on the thighs, elbows and forearms. The nodules gradually change from 

light pink to abruise-like color.(16)

            2.3  Skeletal tuberculosis: the disease also might originate as the reset 

of direct extension from a neighboring infected bone. The time interval between 

infection and disease can be as short as  1  month in cases of tuberculosis dactylitis, or 

several years or longer for tuberculosis of the hip. The infection usually begins in the 

metaphysis of the bone. Granulation tissue and caseation  which destroy bone both by 

direct infection and pressure necrosis- are common. Soft tissue abscess and extension 

of the infection through the epiphysis into the nearly joint often complicate bone 

infection. The infection frequently becomes appearent clinically only after joint 

involvement  progresses.

Weight-bearing bones and joints are  affected  most  commonly by 

tuberculosis. Most cases occur in vertebrae, causing tuberculosis of the spine or Pott’s 

disease. Although any vertebral body can be involved. The infection is in the body of 

the vertebra, leading to bone destruction and collapse. Tuberculous spondylitis 

progress from initial narrowing of one or more disk spaces to collapse and weeding of 

the vertebral body, with subsequent angulation of the spine causing either gibbus or 

kyphosis. The infection usually extends out from the bone causing a paraspinal, psoas 

or retro pharyngeal abscess.

The most common clinical signs and symptoms of Pott’s disease in children 

are low-grade fever, irritability and restlessness especially at night; back pain without 

significant tenderness; and abnormal positioning and gait or refusal to walk. Spinal 

rigidity may be caused by profound muscle spasm, which results from the patient’s 

involuntary effort to immobilize the spine. Neurogic complications most often arise 

from cervical and lumbar vertebral lesions and comprise various degrees of 

neuroplegia, paraplegia, or quadriplegia. The complications are caused by 

inflammation of the spinal cord secondary to a neighboring cold abscess, caseum, or 

granuloma in the extradural area, or by spinal vessel thrombosis.
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Other sites of the skeletal tuberculosis, in approximate order of frequency, 

are the knee, hip, elbow, and ankle. The involvement can range from joint effusion 

without bone destruction to frank destruction of bone and restruction of the joint 

caused by chronic fibrosis of the synovial membrane. This more severe type of the 

bone tuberculosis, which usually evolves over months or years, most commonly cause 

mind pain, stiffness  limp  and  restricted joint motion. (26)

2.4 Superficial lymph nodes: this form often referred to as scrofula, is 

the most common form of extrapulmonary tuberculosis in children. Most current cases 

occur within  6  to 9  months of the initial infection with M. tuberculosis, although 

some cases appear years later. The tonsilla, anterior cervical, and submandibular nodes 

become involved secondary to extension of the initial lesion from the upper lung field 

or abdomen. Infected nodes in the inguinal, epitrochlear, or axillary regions results 

from regional lymphadenitis associated  with tuberculosis of the skin or skeletal 

system. In the early stages the nodes enlarge gradually. The nodes are firm but not 

hard, discrete, and non tender. They often feel fixed to underlying or overlying tissue. 

Systemic signs and symptoms are usually absent. The tuberculin skin test is usually 

reactive, and a primary pulmonary focus is virtually always present.

Occasionally the onset of illness is more acute with rapid enlargment of 

nodes high fever, tenderness, and fluctuance simulating pyogenic adeitis. If 

leftuntreated, lymph node tuberculosis may resolve, but more often it progresses to 

caseation and necrosis of the lymph nodes. The capsule of the node breaks down, 

resulting in the spread of infection to adjacent nodes and other structures.(16)

2.5  Renal tuberculosis: this is  a late and uncommon complication of 

pulmonary disease, rarely occuring less than  4 or 5 years after primary infection and 

likely, therefore, to be diagnosed during adolescence. However, tubercle bacilli can be 

recovered from the urine in many cases of miliary tuberculosis and some cases of 

pulmonary  tuberculosis in young children. Hematogenous dissemination can give rise 

to tuberculosis in the glomeruli, with resultant caseating, sloughing lesions, however 

tiny, which then discharge tubercle bacilli into the tubules. Occasionally, in the  zone 

between the renal pyramid and cortex, an encapsulated caseous mass develops that 

may calcify in situ or discharge into the pelvis of the kidney, forming a cavity quite 

analogous to a pulmonary cavity.(17)
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2.6  Perinatal  tuberculosis:  Perinatal tuberculosis can be acquired by 

the infant via one of several routes, as follow:

              - Transplacental spread via the umbilical vein from a mother

with primary hematogenous tuberculosis may occur at the end stages of pregnancy,

resulting is true congenital tuberculosis. In these infants, the primary infection often is

in the liver, although the liver may be by passed, with the primary infection occuring

in the lung.

- Aspiration in utero of amniotic fluid infected from

endometritis in the mother or from the placenta occur rarely.

- The infant may ingest infected amniotic fluid or secretion

during delivery.

- The most common mode of transmission to newborns is

inhalation of tubercle bacilli at or soon after birth that originated from the mother or

other relatives with infection pulmonary tuberculosis.

The clinical manifestations of  perinatal tuberculosis vary according to the 

size of the infecting dose of bacilli, as well as the site and size of the caseous lesions. 

Symptoms usually appear during the second week of life and include loss of appetite 

and failure to gain weight, fever, nasal or ear  discharge, cough, bronchopneumonia, 

jaundice, hepatosplenomegaly, and lymph node enlargement. Respiratory 

embarrassment may be a late symptom of the disease.(16)

Diagnosis

  Tuberculosis in children is difficult to diagnose, because of asymptomatic,

low number of microorganism, therefore clinical diagnosis in children must use many

criteria.  The important criteria are

              1. Clinical sign and symptom, tuberculosis  varies in manifestation , depends

on organ which has disease.

  2. Chest x-ray film :always seen intrathoracic adenopathy.

  3.Tuberculin skin test ,such as Mantoux method, result most positive but if

negative it must be repeated within 1-2 weeks

4.Historical contacted with Pulmonary tuberculosis patient.

5. Laboratory diagnosis by specimen from suspected organ  .(13,18)
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The criteria for “positive” result is  1 or 2 ; with two of the 3,4,5.

Table 3 Guidelines for determining a positive tuberculin  skin test reaction. (19)

Induration Other factors

> 5 mm - Recent close contacts of person with active TB

- HIV positive person

- Person with fibrotic CXR consistent with healed TB

- Organtransplant recipients and other immunosuppressed

   patients

>10 mm - Injecting-drug users

-Persons with other medical conditions reported to increase

  risk of progressing from latent to active TB.

- Residents/employees of high-risk congregate setting

- Persons recently arrived from countries having high

  prevalence of TB.

- Medically  underserved, low-income populations

- Locally identified high-risk groups

- Children of any age exposed to adults in high-risk

 categories

> 15 mm - Person who do not meet any of the criteria in above
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Related factors with tuberculosis in children

Malnutrition

During the World War II, epidemiologist found associated between nutrition 

and tuberculosis. During the war, most countries were scarce of food and had high 

incidence of  tuberculosis  such as France (1870-1871), Denmark (1916-1917) and 

Germany.(29)

At present, we know that why tuberculosis incident  rate increase sharply in 

high malnutrition area. Malnutrition affect host immune system, which would not be 

able  to kill M. tuberculosis. (30-32)

Malnutrition affect to immune response in TB in many aspect.  First, dietary 

deficiencies of single nutrients, such as protein an zinc, cause thymic atrophy and 

impair the generation and maturation of T-lymphocytes. Second, deficiencies of 

protein, zinc and vitamin D impair T-cell function, including decreased production of 

the Th1 cytokines IL-2 and IFN-gamma, and depressed dermal tuberculin reaction. 

Third, protein malnutrition causes trapping or sequestration of reaction. Finally, 

protein malnutritionimplicated immunosuppression and immunopathogenesis 

tuberculosis. (33)

Hanekom WA. et al.1999 (31) used randomized control trial to determine 

association between level of sCD 30, nutritional status and severity of tuberculosis and 

to investigate effects of oral vitamin A therapy on prognosis in childhood tuberculosis. 

One hundred and ten  tuberculosis patients enrolled in this study, by randomized at a 

ratio 1:1. The results showed significantly higher sCD30 levels were demonstrated in 

the presence of nutritional compromise: the sCD30 level was higher in patients weight 

below the third percentile for age, in those with clinical signs of Kwashiorkor, in those 

with a low hemoglobin content, and presence of extrapulmonary disease. (P-value

<0.0001) Vitamin A supplement children demonstrated a mass decrease in sCD30 by a 

factor of 0.99 + 0.02 over 12 weeks, whereas a factor increase of 1.05 + 0.02 was 

demonstrated in the placebo group. (P-value=0.02) The children with tuberculosis had 

high sCD 30 level, which may reflect the presence of a type 2  response, that marker 
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of HIR. Nutritional compromise was associated with higher sCD 30 levels. Vitamin A 

therapy resulted in modulation of sCD 30 levels over time.

Vijayakumar M. et al. 1999  studied  malnutrition and childhood tuberculosis 

in India. The case-control design has been used to study childrenage 1-5 years old, 

cases were  65 TB patients and controls were 30 healthy children,both groups was 

matched age and sex. (32)They used weight for age to assess nutritional status and  

blood test to measure the function of immune system. The result showed distribution 

of children in the different nutritional group and the clinical from of tuberculosis. 

There was significant association between malnutrition and progressive forms of 

infection. (P-value<0.0001)  T- cell lymphocyte percentage is a reflection of the 

effectiveness of cell mediated immune responses, which is the major  system to kill  

M. tuberculosis. They found that children with severe tuberculosis had lowest 

percentage of T-cell (40.2+2.01) when compared with control group (46.6+1.52)       

(P-value < 0.001)

The experimental study was used by Mainali  and  McMurray 1998 (34) to 

determine association between protein deficiency and pulmonary tuberculosis. In this 

study, guinea pigs were maintained on either a protein deficient or control diet and 

infected  4 to 6  weeks late with a low dose of virulence M. tuberculosis by respiratory 

route. At 4 weeks later infection, all of tuberculosis infection  in guinea pigs were 

associated with proportion of CD4 and CD8 marker in the peripheral circulation, 

spleen, and bronchotracheal lymph nodes. Malnourished, tuberculosis guinea pigs 

harbored only 20 % and 60 %  of the T cells (as a proportion of total lymphoid cells) 

found in the spleen and blood,  relative to their   well-nourished counterparts. 

Normalrelative proportion of CD4  and CD8 cells were observed, however. In striking 

contrast, the bronchotracheal lymph nodes of protein-deprived guinea pigs with 

tuberculosis contained more than twice the numbers of T cells of control guinea pigs, 

and the normal CD4 to CD8 ratio was reversed. Peripheral T-cell function, as 

measured by the delayed hypersensitivity skin test to tuberculin, and antigen –induced 

lymphoproliferation in vitro were markedly suppressed in protein- malnourished 

animals. These results suggested that immunological  abnormalities and loss of 

antimycobacterial resistance in the lungs of protein -deficient guinea pigs may be 
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explained, impart, by sequestration of antigen-reactive T cells in lymph nodes draining 

the site of infection.

Chan J. et al. 1996 studied effects of protein malnutrition on tuberculosis in 

mice by experimental study design. They divided mice into 2 groups, study group 

were fed a  2% protein diet and developed protein calorie malnutrition. The control 

group, received a   20 % protein diet. Both of them rapidly succumbed to infection 

with     M. tuberculosis. Malnourished mice exhibited a tissue-specific diminution in 

the expression of interferon gamma, tumor necrosis factor alpha, and the inducible 

form of nitric oxide synthase in the lungs, but not the liver. The expression of these 

molecules critical to the production of mycobactericidal nitrogen oxides was depressed 

in malnourished animals in the lungs specifically at early times (<14 days) after 

infection. The selective and early reduction of lymphokines and the inducible form of 

nitric oxide synthase in the lung, a marked diminution of the granulomatous reaction 

was observed in malnourished mice through out the entire course of infection in all 

tissue examined (lung, liver, and spleen).

The results indicate the protein response, that are important for containing 

and  restricting  tuberculous infection. (35)

McMurray DN. et al. 1990 conducted experimental study to examine the 

influence of dietary zinc and vitamin D on resistance to tuberculosis in guinea pig at 

Texas A&M University USA.  Guinea pigs were fed diets containing varying levels of 

zinc or vitamin D, and infected 6 weeks late by the respiratory route with virulent     

M. tuberculosis. The results showed zinc-deficient guinea pigs had fewer circulating   

T cell and reduced tuberculin  (PPD) hypersensitivity. The response of peritoneal 

exudate macrophages to the lymphokine macrophage influence factor was impaired. 

Zinc deprivation did not influence disease resistance in BCG-vaccinated or non-

vaccinated animals. Vitamin D deficiency adversely affected the tuberculin reaction 

and ability to control the infection. Lymphocytes from vitamin D-deprived animals did 

not proliferate normally where cultured with PPD. These results suggest that zinc and 

vitamin D status affected immunity to tuberculosis.(36)

Result of all studies above showed  lower cell mediated immune level in 

children or subjects that  have malnutrition than normal. These studies confirm 
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previous knowledge that nutrition and tuberculosis are closely  associated, as 

malnutrition always influence the severity of tuberculosis.

Low birth weight

A population-based case-control study in southern Brazil to define relationship 

between birth weight and mortality  due to infectious disease was conducted by 

Victora CG. et al. 1988. (40) They collected data from 357 deaths and used 

International classification of Disease, 9th review (ICD-9) to classify causes of death 

into three categories; diarrhea (170 deaths), respiratory infections (127 deaths) and 

other infections (60 deaths). The most common diagnosis in the other groups were 

meningitis, skin infection, measles, whooping cough, neonatal sepsis and tuberculosis. 

The risk of mortality from infections was different in each birth weight group. Infants 

who weight 2,000 to 2,499 grams were at about twice the risk, and those 1,500 to 

2,000 grams were at nine times the risk of children more than 3,000 grams.  Compared 

with infants who weight 2,500 grams or more at birth, low birth weight infants were 

2.0 times (90 % CI 1.1-4.4) more likely to die of diarrhea,1.9 times (90 % CI 1.0-3.0) 

as likely to die of other infections. Low birth weight infants (weight under 2,500 

grams) were 2.3 times higher risk of death from infections than infants who had birth 

weight over 2,500 grams. This study had showed high proportion of deaths in other 

infections in low birth weight  were 26 % . Tuberculosis (extra-thoracic and intra-

thoracic) is the highest proportion of death from other group, 28 %.

Health status

Most of children, who had  presented tuberculosis, had  low immunity. Many  

diseases, which affected host immune response such as malignant, measles, diphtheria 

could facilitate TB development.  Many tuberculosis patients have an underlying 

disease before development tuberculosis, especially in children, who had low efficient 

immune responses to fight some virulent organisms. (13,19,28,37,41)

Tamura M. et al. 2001 conducted a cross-sectional study to define relation 

between active pulmonary tuberculosis and underlying disease in 119 tuberculosis 
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patients in Japan. The most common underlying diseases was diabetes mellitus      

(39.1 %),  HCV(+) chronic hepatitis, sequela of cerebral infarction, hypertension and 

gastric ulcer. In  patients who had underlying disease, these disease caused decline of 

tuberculosis immunity and nutritional disturbance represented by lower albumin also 

promoted decline of tuberculosis immunity. It is suggested that the underlying disease 

affected the onset and progression of pulmonary tuberculosis. (42)

HIV infection

HIV infected person, especially those with low CD4+ cell counts, had weaken

immunity. It is generally accepted that Th1 response, characterized by production of

IFN by CD4 T cell, this cytokine production is believed to be associated with a

protective response. Therefore, the major effected role of CD4 T cell in the response to

M. tuberculosis is believed to be production of IFN for activation of macrophages and

subsequent destruction of intracellular bacilli (43)

They  become sick with tuberculosis by two aspects. Firstly from exogenous 

infection, the disease occurs in those who had not previously expose to tuberculosis 

agent. After they becoming infected with M. tuberculosis, 50% of such persons may 

develop tuberculosis disease rapidly in the first 2 years. Secondly from endogenous 

infection,  person who had previously exposed to M. tuberculosis, but yet developed 

the disease, (or so called “latent TB infection”) will develop tuberculosis disease at 

least 5 % to 10 % per year, while an HIV-negative, who have latent TB infection has a 

10 % of life time risk developing active tuberculosis. (13,18,23,28,44)

In children, HIV infection is mainly acquired from HIV infected mothers, 

during gestation or perinatally; and if acquisition of tuberculosis infection occurs it 

will follow HIV infection. (45)

When HIV-infected children develop tuberculosis, the clinical features tend to 

be fairly typical of childhood tuberculosis in immunocompetent  patients. The disease 

often progress more rapidly and clinical manifestation although and more severe.(46)

Studies of M. tuberculosis infection CD4  T cell deficient mice by Caruso 

AM. et al. 1999 showed an early defect in overall IFN-production and macrophage 

activation. This presumably was responsible for an early increase in bacterial number 
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in the organs. However, as the infection progressed, other cells, most notably CD8-T-

cells, were also capable of producing this cytokine in the lungs, and overall IFN-levels 

increased to equal those of the wild-type mice. The CD4-T-cell deficient mice still 

succumed to the infection, suggesting that early IFN- production by CD4-T-cells was 

crucial to the control of the infection. (47)

De Castro Toledo AC. Jr. et al. 2000 used a  case-control study to identify 

tuberculosis risk factors and possible surrogate markers among HIV infected persons. 

This study was carried out at the HIV outpatient clinic of the Universidade Federal de 

Mines Gerais in Belo Horizonte, Brazil. Results showed that Aids Related Complex 

had an Odd Ratio of 3.5 (95% CI 1.2-10.8) for tuberculosis development. Past history 

of pneumonia (Odds Ratio 1.7, 95% CI 0.6-5.2) and the CD4 count (Odds Ratio 0.4, 

95% CI 0.2-1.2) had no statistical significance.(48)

Thaithumyanon P. et al. 2000 conducted a prospective cohort study on 

infants born to HIV-1 seropositive mothers who belong to a research projects on 

prevention of HIV-1 vertical transmission conducted at King Chulalongkorn Memorial 

Hospital  Bangkok  Thailand. They wanted to determine complications of BCG 

vaccination and to compare the tuberculin reaction after BCG vaccination between 

HIV-1 infected and non-infected children. One hundred and fifty children, 54 males 

and 61 females were followed at 3,6,9,12,15,18,and 24 months of age. Fifteen (13 %) 

had no BCG scar and 50 (43.5%) had non-reactivity to the tuberculin test. Tuberculin 

reaction of 0-4 mm, 5-9 mm and ≥ 10 mm were noted in 61.8, 21.7 and 16.5 

respectively. A positive tuberculin test was found in 44 children (38.3%), 7.7 % in 

HIV-1 infected group and 47.2% in HIV-1 non-infected children. Children with HIV-1 

infection had significantly smaller tuberculin reaction than non-HIV infected group 

(X+S.D), (1.52+2.82 mm, 4.64 + 4.29 mm) (P-value< 0.001).Results of this study 

showed low effective of skin reaction immunity in HIV infected infants. (38)

Madhi SA. et al. 2000 defined the prevalence of human immunodeficiency 

virus(HIV) co-infection and differences in clinical presentation between HIV-infected 

and non-infected hospitalized children by a cross-sectional study. They enrolled 

tuberculosis patients who attended at Department of Pediatrics at the University of the 

Witwatersrand, South Africa. Sixty eight were HIV-infected cases and 93 were non-

infected. HIV-infected children were also more likely to have  cavitation (P-
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value=0.001) and miliary TB (P-value=0.01) on chest x-ray.  Reactivity to tuberculin 

(≥ 5 mm and ≥ 10 mm in HIV-infected and non-infected children, respectively) was 

significantly lower in HIV-infected  as were CD4+ lymphocyte levels. The mortality 

rate during the study was 13.4 %  in HIV-infected children compared with 1.5 % in 

non-HIV-infected children (P-value=0.03). The result showed that progressive 

pulmonary TB and  death were more common in HIV-infected children.(49)

Glynn JR. et al. 2000 conducted a retrospective cohort study in northern 

Malawi, to assess risk factors for the development of TB. Individual data were 

identified in 1986-89 and TB cases diagnosed up to 1996 were included. TB was 

confirmed in 62/11,059 (0.56%) HIV negative individuals and 7/182 (3.9%) HIV 

positive individuals.(Relative risk 7.1 , 95 % CI 3.2-15.7) This study showed the high 

risk of TB in HIV positive persons. (50)

Contacted with tuberculosis patient

Many studies reported that major source of transmission of TB to children is 

the contact with pulmonary TB in adults who had sputum smear positive (11,51-55), 

particularly persons who live in  the same house. More than 50 % of household contact 

were infected and 10-20 % of household contact develop the  disease. (13,54)

Schaaf HS. et al.1999 (51) reported a cross-sectional study to determine the 

prevalence of tuberculosis in Western Cape Province, South Africa. One hundred 

twenty-eight children aged under 5 years in household contact with 75 recently 

diagnosed adult with multidrug resistant pulmonary tuberculosis (MDR-TB) were 

evaluated. Forty-seven (36.7%) children were classified as non-infected, 66 (51.6%) 

were considered infected only (Mantoux test ≥ 15 mm; BCG vaccination coverage in 

this area are more than 98%) and 15 had the disease (11.2%). Three children,  who had 

not previously received antituberculosis drug, had positive cultures for M.tuberculosis, 

all were multidrug-resistance.

Schaaf HS. et al. 2002 (52) reported a 30 month follow up study to 

determine  the  long term prevalence of TB infection and disease in children in 

household contact with adult with MDR-TB and demonstrated the efficacy of 

chemoprophylaxis in preventing disease in these children. This study conducted  in 
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Western Cape Province, South Africa.  One hundred twenty five of children age under 

5 year old had enrolled in this study. They were evaluated by clinical examination, 

tuberculin skin test (Mantoux test), chest x-ray, gastric aspirates at the beginning of 

study and  every 6 months. All of children had classified into 3 groups  as disease, 

infected only and non-infected. At the initial evaluation found  TB disease 14 

(11%),infected only 66 (53%) , non-infected 45 (33%). All of infected children age 

under 2 years and infected children who never received TB treatment or 

chemoprophylaxis  were offered chemoprophylaxis by researcher. At the 30 months, 6 

children did not return for follow up. One hundred nineteen children had been 

evaluated and found increase number in TB disease group and infected group as 29,64 

(23%,51%) respectively. A comparison was made between the groups of children that 

did and did not receive appropriate chemoprophylaxis. None  of the  29 children who 

received appropriated chemoprophylaxis and 6 of 28  children who did not, developed 

the disease .

Luthong L. et al. 2000 (11) surveyed household contacts of new cases of smear 

positive pulmonary tuberculosis patients and found the association of tuberculosis 

infection among household contact with closeness and duration of contact. During 

April 1993 and June 1996,seventy six new smear positive pulmonary TB in Jinan, 

China, were used as index cases.They investigated all household contacts by 

tuberculin skin test and chest x-ray. Among the household contacts, 42 of 112 (42%) 

very close/intimate contact had positive tuberculin tests compare to 121 of 356 (34%) 

close/regular contacts and 23 of 178 (13%) not close/sporadic contacts and 55 of 355 

(16%) healthy population sample. This study showed different of incidence between 

level of closeness and duration.

Gessner BD. et al. 1998 (56) determined risk factors for pediatric tuberculin 

infection and active tuberculosis in household contacts of culture positive pulmonary 

tuberculosis in Alaska.  Two hundred fifty two children aged younger than 15 years 

were investigated . Infection developed in 25 % of children and progressed to active 

disease in 9.6%. Risk factors for pediatric infection included exposure to a parent who 

had a cough with smear positive (Odds Ratio 2.8). Among the 71 children in whom 

infection developed, younger children were more likely to progress to active 

tuberculosis as were children exposed to a parent who had active tuberculosis  (Odds 
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Ratio 1.5 to 12). Although  all children with household exposure to adults with active 

tuberculosis have a high risk of contracting the infection an disease. Specific risk 

factors can be identified and differ for infection and disease.

Teixeira L. et al. 2001 conducted household contacts survey in Espirito Santo, 

Brazil to assess whether rates of infection and progression to active tuberculosis (TB) 

differed between household contacts of patients with multidrug-resistant (MDR) and 

drug susceptible (DS) pulmonary. Among 133 close contacts of patients with MDR-

TB, 44% were PPD-positive (≥ 10 mm) compares to 37% of 231 contacts of the DS-

TB cases (Odds Ratio=1.2, 95% CI 0.8-2)  (P=0.18). Six contacts of the MDR (4%) 

and 11 contacts of the DS-TB (4%) were found to have active TB (P=0.78). Five of six 

contacts of MDR-TB cases and nine of eleven contacts of DS-TB cases who 

developed TB had the same bacterial susceptibility profiles as this index cases. (57)

Netniyom S. 2000 conducted the cross sectional study at contact unit of 

Bangkok Chest Clinic, to determine prevalence of tuberculous infection and disease in 

children who contacted with tuberculosis patient. Seven hundred and fifteen children 

(age 0-14) were examined, 150 (20.9%) had tuberculin skin test positive (Mantoux test 

≥ 15 mm) . Active tuberculosis was diagnosed in 62 cases (8.7%). Among three 

groups of household children divided by age. The most frequent of tuberculosis cases 

were found in the youngest group (age 0-5), 12.8 % (Odds Ratio 8.9, 95% CI = 2.14-

37.66) (P=0.003). The second most was found in age group 6-10 years (6.6 %) (Odds 

Ratio 4.34, 95% CI = 1.4-5.3)(P=0.05) and the oldest group was found 1.6%. (58)

Poor ventilation

The ambient air may be contaminated with or carry variety of potentially 

harmful microorganism such as M. tuberculosis . Tuberculosis is an air borne disease. 

Therefore low air moving and closed area is a cause of high concentrate of this agent 

and high tuberculosis transmission(59). Good ventilation, high air moving is a cause of 

low concentration of TB agent that can prevent transmission in close area.

Houk VN. et al.1968  (60-61) studied tuberculosis outbreak on a US Navy 

ship, 139 of 308 persons previously known to have tuberculin skin test negative 

ultimately became infected from a single source. Men sharing the same compartment 
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with the case had the highest frequency of skin test conversions. Nevertheless other 

men who did not work and living with case but whose compartments were connected 

through a close circuit ventilation system became infected. Although some men with 

similar social exposure but lived in compartments without direct exposure to the air of 

the ventilation system converted much less frequently. Conversions continue for a 

prolonged period of time after removal of the infections source case. This study 

showed that air in close system may contain viable infection droplet nuclei with M. 

tuberculosis for prolonged period of time, even after the removed of the source of 

infection.

Indoor air pollution

Indoor air pollution is a harmful effect on the respiratory health in children. 

Because many young children spend a large proportion of their time indoors.An 

indoor air pollutant may cause impairment on lungs function and an increased risk of 

respiratory infection in children.

Table 4 Major Indoor air pollutants (62)

Major Indoor air pollutants

Respiratory particles

Oxides of nitrogen

Carbon monoxide

Biologic agents and indoor allergens

Formaldehyde

Randod and randon daughters

Volatile organic compounds and semivolatile organic compounds

Asbestos fibers
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            Respirable particle reported to be cause of high risk to develop tuberculosis

disease after infection.(63)

Table 5  Sources of respirable particles (62)

Respirable particles

Fire places

Space heaters

Coal stoves

Wood stoves

Tobacco smoke

Outside air

Attached facilities

Occupant activity

Smith RK. 2000  (63) studied disease burden of Indian population particularly 

indoor air pollution from many  studies, that determined  the effect of indoor air 

pollution (cooking on stove or fuel and tobacco smoking). Studies were grouped by 

relative risk of disease in each air pollution as follow.

Class I: The strong evidence come from passive and active smoking studies, 

urban air pollution studies and studies of solid fuel use in developing countries, 

showed that indoor pollution associated with acute respiratory  respiratory infection in 

children age under 5 years old, COPD in women and lung cancer in women.

Class II: The intermediate evidence, from smoking studies and study of solid 

fuel use in developing countries, showed association between indoor air pollution and 

blindness from cataract, tuberculosis in women. India has a larger fraction of its 

national burden of disease attributable TB than other countries. National family health 

survey in  1992-1993 found a statistically significant relationship between report of 

use of biomass fuel and TB, women aged over 20 years old who use biomass has 3.0 

time of higher risk of TB than those who used cleaner fuels when socioeconomic was 

adjusted.
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Class III: There was suggestive evidence from active and passive smoking 

studies and urban outdoor air pollution on heart disease in women. There are no 

studies on use of solid fuel in household and heart disease in women.

Smith’s study showed that indoor air pollution affected the health of women 

and children who always stay at home.

Source of pollution in house; biomass smoke

Perez-Padilla R. et al. 2000 conducted a hospital based case-control study at 

Mexico city, Mexico. They wanted to define association  between  tuberculosis and 

use of biomass stoves. Cases were 288 tuberculosis patient, control were 545 patients 

who had no evidence of chest disease. Exposure to biomass smoke by history of 

cooking with traditional wood stoves was significantly higher in cases than  than in 

control. Odd Ratios for tuberculosis and biomass smoke was 2.4 (95% CI 1.04-5.6) 

,adjusted for age , sex, level of education, crowding, smoking, socio-economic level, 

zone of residence and state of birth. In the same model smoking had an Odds Ratio 1.5 

(95% CI 1.0-2.3) for tuberculosis. (64)

A hospital based matched case-control study was conducted by Robin LF. et al. 

1996, to examine association between wood burning stoves and acute lower 

respiratory illness(ALRI) at Public Health Service India Hospital at Fort Defiance, 

Arizona. Case and control were matched by date of birth and gender. Matched pair 

analysis revealed an increased risk of ALRI for children living in household that 

cooked with any wood (Odds Ratio 5.0, 95 % CI 0.5-56.9) Indoor air concentration of  

respirable particles was positively correlated with cooking and heating with wood    

(P-value <0.02).(65)

Tobacco smoke

There is increasing interest in the effect of adult smoking on the health of 

infants and children. Although passive smoking is important in many children 

disorders, most attention has been paid to its effects on the respiratory tract and on 
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infants mortality. .Passive smoking influence respiratory disease in children by 

reduction lungs function.(66-68)

The cross sectional study used to define predictors of tuberculin reactivity in 

Vietnamese migrants who lived in Perth, Australia  by Plant AJ. et al. 2002.   They 

interviewed and medically screened 1395 Vietnamese people aged over 15 years. 

Approximately 44 % of applicants had an induration of 10 mm or more , and 18.6% 

had an induration of 15 mm or more A positive tuberculin skin test at 5 mm, 10 mm, 

and 15 mm of induration  cut-points were significantly associated with age (Odds 

Ratio 1.01-1.02 per years) and duration of smoking (Odds ratio 1.03-1.12 per year)

Smoking appears to be an importance factor associated with increased 

susceptibility to mycobacterial infection. (66)

Alcaide J. et al.1996 conducted a case control study to assess the association 

between tuberculosis and smoking in young people living with new cases of smear-

positive pulmonary tuberculosis at Barcelona, Spain. A total of 46 cases who had 

evidence of current pulmonary tuberculosis and 46 controls who had positive reaction 

to tuberculin skin test but no evidence of current or previous pulmonary tuberculosis 

were included in the study. Cigarette smoking favored the development of pulmonary 

tuberculosis in young infected adults (15-24 years) who were in close contact with 

recently diagnosed  cases of bacillary pulmonary tuberculosis. The crude Odds Ratio 

was 3.6 (95% CI 1.4-9.5) in active smokers, 5.7 in both active and passive smoker 

(95% CI 2-17.5). The crude odds ratio of passive smoker was 2.7 (95% 1.01-7.2). This 

study showed that cigarette smoking was associated with the development of active 

pulmonary tuberculosis in young adults in close contact with a person in whom the 

diagnosis of smear-positive pulmonary tuberculosis. (69)

Altet MN. et al.1996 (70,71)  conducted an unmatched case-control study to 

assess the effect of passive smoking on the development of active pulmonary 

tuberculosis (PTB) in children age under 15 years who immediately following 

infection by M. tuberculosis within the family in Barcelona, Spain. Ninety-three 

contacts who became cases (active PTB diagnosed) and 95 contact who became 

controls (tuberculin positive children without evidence of active disease) were 

included. Passive smoking was a risk factor for PTB (Odds Ratio 5.29, 95% CI 2.33-

12.82) (P-value <0.0005), and more over when exposed both at home and outside the 
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home the risk increased (Odds Ratio 6.35, 95% CI 3.20-12.72) (P-value<0.0001). The 

adjusted Odds Ratio was 5.39 (95% CI 2.44-11.91)(P-value< 0.0001). Contacts  0-4 

and 5-9 years old showed a significantly higher risk than those aged ≥10. There was 

dose response relationship between the risk of developing active pulmonary 

tuberculosis immediately following infection and number of cigarette daily by the 

household adults (P-value<0.001). All of smoking family members mother had the 

strongest effect to their child if they smoked. Passive exposure to tobacco smoke in 

children was associated with an increased risk of developing pulmonary tuberculosis 

immediately following infection (70). Another study reported passive smoking in a 

risk factor to develop active TB who the child has been newly infected (Odds Ratio 

5.7, 95% CI 4.15-8.19). (71)

Over crowded family

The high prevalence of TB were among the poor, who always live in small 

house and  having many peoples in the same house. Likewise, TB is a malignancy of 

crowded areas, which poverty has high, family size is large, living quarters are 

crowded. Many evidence of outbreak in many countries often occurred in such place. 

(5,19,54,72)

Hawker JI. et al.1999 (72) examined the effect of ethnicity on the relation 

between tuberculosis and deprivation by ecological study. They collected cases of 

tuberculosis in Birmingham, United Kingdom between 1989-93. They found 

significant association between tuberculosis rate and higher level overcrowding

(P-value 0.0036)

Rie AV.et al.1999 (5) conducted a retrospective descriptive study using the 

national population census in year 1991, using ten-years tuberculosis record and a 

geographical  information system, to study the epidemiology of childhood tuberculosis 

in Cape town ,South Africa. They found notification about crowded family, as high 

level of crowding (1.49 adults/room) always have highest tuberculosis case rate          

(ϒ 0.36)
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Tuberculosis division (1999) reported the problem of tuberculosis in Thai 

prisoners, mainly due to the overcrowding, poor general health and high prevalence of 

tuberculosis. Six prison survey in Thailand was conducted in 1998, to estimate the 

prevalence of new smear-positive pulmonary TB. The result showed that there were 

1,226 TB cases per 100,000 prisoners, almost 7 times higher than the country’s 

average. (73)

Low Socio-economic status

The largest burden of TB lies in low-income countries. Many studies showed 

poverty has been strongly associated with incidence of TB, so low socioeconomic 

more likely to play role as an indicator of trend of tuberculosis rate. (5,9,37,72)

Rie AV. et al.1999 (5) conducted a retrospective descriptive study using the 

national population census in 1991, using ten-years tuberculosis record and a 

geographical  information system, to study the epidemiology of childhood tuberculosis 

in developing country in Cape town ,South Africa. Children TB cases notification rate 

correlated with parental education (r = 0.64), annual household income (r = 0.6).The 

area with the highest TB case notification rate in children 0-5 years old 

(14,062/100,000 children age 0-5 years) had a higher level of crowding (1.49 adults 

per room), a low mean annual household income, and a low parental education level.

de Quijano D. et al. 2001 (74) conducted an ecological study, to determine 

inequalities between tuberculosis/intraveneous drug user and  tuberculosis/not 

intravenous drug user among the different neighborhoods of Barcelona  and the 

relationship to socioeconomic indicator and social/ maternal deprivation indicators 

through out the 1990-1995. The incidence rate were higher in the inner city 

neighborhoods. Among the intravenous drug user group, the variable related to a 

greater risk of tuberculosis were , man(RR 7.42, 95% CI 6.16-8.93) , age (RR 61.51, 

95% CI 34.64-109.20), unemployment (RR 1.68, 95% CI 1.19-1.55) and inner city 

area (RR 1.92, 95% CI 1.48-2.50). Neighborhoods with extreme poverty and inner city 

neighborhoods showed a higher risk of TB (RR 1011 95%CI 1.08-1.135) (RR 1.80 

95%CI 1.51-2.14)
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Spence DP. et al.1993 (75) conducted a retrospective study to examine whether 

the historical link between tuberculosis and poverty in Liverpool UK. From 344 

tuberculosis patients, the rate of tuberculosis correlated with all measures of poverty, 

the strongest  correlation  was found between TB and poverty. (r = 0.73)                   

(P-value <0.0001)
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Web of causation
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Conceptual framework

  BBiioollooggiiccaall  FFaaccttoorr
- Nutrition status
- Health status
- Birth weight

EEnnvviirroonnmmeenntt  FFaaccttoorr

     - History of TB patient contacted
- Crowded  family

- Person/room
- Person/Child’s room

- Pollution in house
- Passive smoking
- Biomass smoke

- Housing ventilation
- Child’s bed room ventilation

            SSoocciiooeeccoonnoommiicc  FFaaccttoorr
     - Parental education
     - Education of care taker
     - Parental occupation
     - House hold  incomes

- Stability of household income

Tuberculosis
Disease

Control variables
- Age
- Sex
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CHAPTER III
MATERIALS AND METHODS

Study design:

The study was conceptualized as a  hospital based case control study.

Study population

The study population  are children age under 15 years old who have BCG 

immunization, (which presents by BCG scar or immunization record) and attend at 

Queen Sirikit National Institute of Child Health  and  Pediatric department, Siriraj 

hospital during 1 December 2002 to 30 June 2003.

Exclusion  criteria

1. All children who have HIV infection positive in medical report.

            2.  All children who had been operated or received blood.

This study population classified to 2 groups as follow:

 Case group: TB cases age under 15 years old who were treated not more than 

4 years before date of interview.

 Control group: Children who  have no clinical diagnosis as having TB or 

other lung diseases, with the same sex and age (+ 2 years) as case.

Sample size: Sample size was calculated using case control ratio of 1:1 in 

unmatched studied, as follow:
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n : number of cases to be taken

Ζα: Z value from table standard normal distribution at the specific level of α

Zβ: Z value from table standard normal distribution at the specific level of β

P1: Anticipated probability of contact with TB patient in children who having 

disease.

P0: Anticipated probability of contact with TB patient in children without 

disease.

When:

OR = The children who had contacted with TB patient have 4.34

times the risk higher than children who never contacted TB

patient. (58)

α = 0.05; Ζα/2 = 1.96

β = 0.20; Zβ   = 0.842

PO =  0.88 (58)

Therefore:

P1 = 0.96

P = 0.928

 The sample size for cases group is 130 with an equal number of controls, 

therefore the total samples will be 260.
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Instruments

The data were collected from medical diagnosis report and an interview 

questionnaire, which have four parts as below:

Part I: General information: name, address, age, gender, BCG vaccination, 

education status.

Part II: Host factors (biological factors): birth weight, nutritional status (weight 

and height), underlying diseases and frequency of illness (during 1 year before the 

interview).

Part III: Environmental factors (during 1 year before the interview) :contact 

with TB patient (closeness and duration), house type, number of sleeping room in 

house, ventilation in house (air-conditioner room, number of window in sleeping 

room, cooking in house (type of stove and fuel) , smoking status of family member, 

number of family member, number of person who sleep in the same room with the 

child

Part IV: Socioeconomic factors :parental education, care taker education, 

parental occupation, household incomes,  occupation of head of household .

Data collection

1. Evidence of BCG vaccination was determined by direct observation of a   

BCG scar at deltoid or buttock area and immunization record.

2. Information on factors of interest were gathered using structure 

questionnaire. The respondents would be parents or care taker who bring the child to 

hospital. The data were: medical diagnosis data was collected by researcher, from 

medical record, the data were collected when parent’s   child or their guardian approve 

study objectives and inform consent is signed.
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Data analysis

1. Descriptive statistics such as frequency, percent, mean and standard 

deviation.

     2.  Analytic statistics such as:

- Chi square test, to compare general characteristics which are 

categorical and t-test for quantitative data.

- Univariate  analysis is used  to define each associated  factor 

with TB in children by Odds ratio(OR) and 95 % confident interval for OR.

- Multivariate analysis is used to define associated factors with 

TB in children after adjustment of confounding factors, by  multiple logistic  

regression.

 Limitation of the study

All   information in this study were obtained through the  interview one of the 

the parents and/or care taker only. There is no direct observation an behavior and 

environment.

Ethical consideration

1. All  patient information are confidential, the analysis were performed as 

groups.

2. All  patient’s parent or guardian must received an explanation about 

objective, method, significance of this study from researcher until they understand

and give approval for enrollment by signing the informed consent.

3. All information or data will be published as group presentation and will not 

be published for purposes others than education.

4. All patients can cancel or give up consent at any time during the study.

5. This study was approved by ethical committee of Mahidol university, ethical 

committee of  Queen Sirikit National Institute of child health, ethical committee of 

Faculty of Medicine at Siriraj hospital, Mahidol university.
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CHAPTER IV
RESULTS

Table 6  Number and percent of diagnosed disease in cases and controls.

Diagnosed disease Number Percentage

Cases 130 100

Pulmonary Tuberculosis 65 50

Lymph node 47 36.16

Meningitis 8 6.2

Bone 4 3.1

Conjunctivas 3 2.3

Other 2 1.5

      Controls 130 100

Bone fracture 78 60

Tendonitis 20 15.4

Club foot 21 16.2

Injury 11 8.5

Two hundred and sixty children had enrolled in this study. They separated 

equally into two groups, cases and controls.  The majority of diagnosed diseases in 

cases group were Pulmonary tuberculosis, as 50 %, TB lymph node, 36.16 % and 

controls were bone fractures, 60 %., Club foot, 16.2 % (table 6).
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General characteristics of study samples.

The general characteristics of study samples include age, sex, residence,

religion, educational status, birth weight, nutritional status, and household income

(table 7)

Table 7 General Characteristics of study samples.

General Characteristics Number Percentage

Age 260
     0-4 Years 109 41.9
     5-9 Years 104 40
     10-14 Years 47 18.1
Mean (SD) 5.950(3.718)

Sex 260
     Male 152 58.5
     Female 108 41.5

Residence 260
     Bangkok 126 48.5
     Central 108 41.5
     North 10 3.8
     South 2 0.8
     Northeast 14 5.4

Religion 260
     Bhuddism 251 96.5
     Islamism 5 1.9
     Christianity 4 1.5

Educational  status 260
     Pre - school 97 37.3
     Kindergarten 63 24.2
     Elementary 82 31.5
     Secondary education 18 6.9

Birth weight 256
     Normal 230 89.85
     Low birth weight 26 10.15
Mean (SD)  3034.52  (523.18)
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Table 7 General Characteristics of study samples. (continued)

General Characteristics Number Percentage

Nutritional status 260
                  Normal 218 83.8

      Malnutrition (Severe level) 16 6.2
      Malnutrition (Moderate level) 26 10

Household income (Baht per month) 260
                  Less than 5000 37 14.23

      5,001-10,000 86 33.07
     10,001-20,000 73 28.08
     More than 20,001 64 24.62
Mean (SD) 18,751 (22,708.57)

The majority of study samples were male (58.5%), age under 5 years old 

(41.9). Forty-eight percents of them lived in Bangkok. Ninety-six point five percents 

are Bhuddist. Most of them had normal birth weight (89.85%), and normal nutritional 

status (83.8%). Sixty-three percent of children have been in school. Household income 

of less than 5,000 baht were 14.3% .

The comparison  of general characteristics between the case and control group

are shown in table 8.

Age and Sex

In this study, control was matched  by  sex and age. So the distribution of sex 

in cases and controls were equal (p=1.00), and   age were similar (p=0.838). Higher 

proportion were male (58.5%) and age under 5 years were 42.3% of cases and 41.5 % 

of controls.

Residence

The proportion of cases who lived in Bangkok, central region, north or south 

region, and northeast region were 53.1%, 39.2%, 6.2%, and 1.5%, respectively. In 

control were 43.8%, 43.8%, 3.7%, and 3.2%, respectively.
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Table 8  Comparison of general characteristics between the case and control
group.

Case ControlGeneral Characteristics Number Percentage Number Percentage P-value*

Age 130 130 0.838
0-4 Years 55 42.3 54 41.5
5-9 Years 50 38.5 54 41.5
10-14 Years 25 19.2 22 16.9
Sex 130 130
Male 76 58.5 76 58.5
Female 54 41.5 54 41.5
Resident 130 130 0.019
Bangkok 69 53.1 57 43.8
Central 51 39.2 57 43.8
North/South 8 6.2 4 3.2
Northeast 2 1.5 12 9.2
Religion 130 130 0.309
Bhuddism 124 95.4 127 97.7
Islamism / Christianity 6 4.6 3 2.3
Educational status 130 130 0.819
Pre - school 46 35.4 51 39.2
Kindergarten 34 26.2 29 22.3
Elementary 40 30.8 42 32.3
Secondary education 10 7.7 8 6.2
Birth weight 126 130 0.362
Normal 111 88.1 119 91.5
Low birth weight 15 11.9 11 8.5
Nutritional status 130 130 0.446
Normal 109 83.6 109 83.6
Malnutrition (Severe level) 11 8.6 15 11.5
Malnutrition   (Moderate
level) 10 7.8 6 4.9

Household income
   (Baht per month ) 130 130 0.227

Less than 5,000 21 16.4 16 12.3
5,001-10,000 35 27.3 51 39.2
10,001-20,000 38 29.7 35 26.9
More than 20,001 34 26.6 28 21.5

* Chi-square test
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Religion

The religion distribution in cases and controls were equal (p=0.309). Bhuddist 

were the majority, 95.4% of cases, and 97.7% of controls. Christian and Islam were 

4.6 % of cases, and 2.3 % of control.

Education status

The distribution of education status in cases and controls were similar 

(p=0.819). Highest proportion were in the group of no education (35.4% and 39.2%). 

Kindergarten  were 26.2% and 22.3%, elementary were 30.8% and 32.3%, and 

secondary education were 7.7% and 6.2%.

Nutritional status

The percentage with normal nutritional status in cases and controls was similar, 

83.6 for each. Malnutrition (severe level) was 8.6% in cases and 11.5 in control. 

Malnutrition (moderate level) were 7.8% and 4.9% respectively.

Household income

The household income distribution in cases and controls were similar. Most of 

them had household income more than 5,000 baht. Household income less than 5,000 

baht were 16.4% of cases and 12.3% of control.

Association of selected factors in the development of tuberculosis in children.

This study defined the factors into 3 groups.

1. Biological factors : birth weight, health status and nutritional status.

2.  Environmental factors: history of TB patient contacted, housing ventilation, 

child’s bedroom ventilation, passive smoking, biomass smoke, average number of 

person per room, and crowded in child’s bedroom.

3.  Socioeconomic factors: parental education, education of care taker, parental 

occupation, household income, and stability of household income.
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Table 9  Univariate analysis of biological factors associated with development of

Tuberculosis in children

Case Control Odds
Ratio*

95 % CI of
Odds Ratio P-value**Biological factors

N % N %
Birth weight 126 130
Normal 111 88.1 119 91.5 1
Low birth weight 15 11.9 11 8.5 1.47 0.65 - 3.33 0.36
Frequency of illness
 (Per month) 130 130

Never 91 71.1 100 76.9 1
1 Time 16 12.5 19 14.6 0.91 0.44 - 1.87 0.79
2 Times or higher 21 16.4 11 8.5 2.08 0.95 - 4.55 0.07
Underlying diseases 130 130
No 118 90.8 122 93.8 1
Measles 4 3.1 5 3.8 0.83 0.28 - 3.15 0.78
Chicken pox 8 6.2 3 2.3 2.76 0.71 - 10.64 0.14
Nutritional status 130 130
Normal 109 83.6 109 83.6 1
Malnutrition
           (Severe level) 11 8.6 15 11.5 1.66 0.59 - 4.75 0.34

Malnutrition
       (Moderate level) 10 7.8 6 4.9 0.73 0.32 - 1.69 0.47

* Adjusted for age

**  Chi-square test

Biological factors

Univariate  analysis did not show association between biological factors and 

development of tuberculosis in children when adjusted for age  (Table 9).

However the association between these factors and development on 

tuberculosis in children became statistically significant when adjusted for age, birth 

weight, underlying diseases, and nutritional status (Table 10).
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Table 10  The association between biological factors and development of

                 Tuberculosis in children  by multivariate analysis

Biological factors Crude
Odds Ratio*

95 % CI of
Odds Ratio

Adjusted
Odds Ratio

95 % CI of
Odds Ratio P-value**

Birth weight
Normal 1 1
Low birth weight 1.47 0.65 - 3.33 1.35 a 0.57 - 3.16 0.49
Frequency of
illness (Per month)
Never 1 1
1 Time 0.91 0.44 - 1.87 0.99 b 0.47 - 2.10 0.99
2 Times or higher 2.08 0.95 - 4.55 2.41 b 1.06 - 5.52 0.04
Underlying diseases
No 1 1
Measles 0.83 0.22 - 3.15 0.73 c 0.18 - 2.99 0.66
Chicken pox 2.76 0.71 - 10.64 2.98 c 0.75 - 11.80 0.12
Nutritional status
Normal 1 1
Malnutrition
    (Severe level) 1.66 0.59 - 4.75 1.59 d 0.54 - 4.68 0.40

Malnutrition
    (Moderate level) 0.73 0.32 - 1.69 0.49 d 0.19 - 1.27 0.64

* Adjusted for age

** Chi-square test
a Adjusted for age, frequency of illness, underlying disease, nutritional

status
b Adjusted for age, birth weight, underlying disease, nutritional status
c Adjusted for age, birth weight, frequency of illness, nutritional status
d Adjusted for age, birth weight, frequency of illness, underlying diseases

The significant biological factors and development of tuberculosis in children 

were frequency of illness 2 times per month or higher (OR 2.41, 95% CI =1.06 - 5.52) 

(p=0.04) (table 10).
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Table 11 Univariate analysis of environmental factors associated with
development
                 of Tuberculosis in children .

Case ControlEnvironmental factors N % N %
Odds

Ratio*
95 % CI of
Odds Ratio P-value**

History of TB patient
contact 130 130

No 65 50.0 127 97.7 1
Very Close 36 27.7 1 0.8 85.67 11.33 - 647.79 < 0.001
Close 13 10.0 1 0.8 31.11 3.93 - 246.22 0.01
Not Close 16 12.3 1 0.8 32.70 4.18 - 255.94 < 0.001
Passive smoking (1) 130 130
No 75 57.7 80 61.5 1
Very Close 24 18.5 4 3.1 6.42 2.13 - 19.39 < 0.001
Close 7 5.4 2 1.5 3.67 0.74 - 18.27 0.10
Not Close 24 18.5 44 33.8 0.57 0.32 - 1.03 0.11
Passive smoking (2) 130 130
No 75 57.7 80 61.5 1
Close  (and very close) 31 23.9 6 6.6 5.50 2.17 – 13.95 0.003
Not Close 24 18.5 44 33.8 0.57 0.32 - 1.03 0.06
Biomass  smoke 109 105
No 102 95.6 102 97.1 1
Yes 7 6.4 3 2.9 2.33 0.59 - 9.28 0.23
Housing ventilation 130 130
Good 112 86.2 111 85.4 1
Poor 18 13.8 19 14.6 0.94 0.47 - 1.89 0.87
Child's bedroom
ventilation 130 130

Good 64 49.2 73 56.2 1
Poor 66 50.8 57 43.8 1.32 0.81 - 2.16 0.26
Crowded in child's
 bedroom 130 130

1 Person 4 3.1 5 3.9 1
2 Persons 29 22.3 17 13.2 1.80 0.41 - 7.93 0.44
3 Persons 47 36.2 66 51.2 1.03 0.24 - 4.48 0.97
4 Persons or higher 50 38.5 41 31.8 2.55 0.56 - 11.63 0.23
Mean (SD) = 3.2 (1.07)
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Table 11 Univariate analysis of environmental factors associated with
development
                 of Tuberculosis in children ( continued ).

Case ControlEnvironmental factors N % N %
Odds

Ratio*
95 % CI of
Odds Ratio P-value**

Average number of
persons per room 130 130

1 Person or less 19 14.6 5 3.8 1
1.1 - 2.9 Persons 49 37.7 48 36.9 0.55 0.25 - 1.23 0.15
3 - 4.9 Persons 44 33.8 63 48.5 0.80 0.36 - 1.80 0.59
5 Persons or higher 18 13.8 14 10.8 3.02 0.88 - 10.32 0.08
Mean (SD) = 6.98 (19.43)

* Adjusted for age
**  Chi-square test
Environmental factors

The significant association between environmental factors and development of 

tuberculosis in children were history of TB patient contacted (p<0.001), very close to 

passive smoking (p<0.001) after adjusted by age (Table11).

The results showed in table 5 as, very close contacted with TB patient had 

85.67 times (95% CI= 11.33-647.79), close contacted had 31.11 times (95% CI= 3.93-

246.22), and not close contacted had 32.70 times (95% CI= 4.81-255.94), increased in 

risk of development tuberculosis. That means risk of development of tuberculosis in 

children who had a TB patient in house were different by closeness, compared to no 

history of TB patient contacted. Very close to passive smoking had 6.42 times (95% 

CI= 2.13-19.39).  higher in risk than children without exposure to passive smoking.

Because the number of controls who had very close and close contact of 

passive smoking were small, the additional analysis was performed by combining 

these two groups. The result showed that close (and very close) contact of passive 

smoking increased the risk of TB in children by 5.5 time (OR=5.5, 95%CI= 2.17-

13.95)

Risk were increased to 6.40 (p=0.002) in children with close (and very close) 

to passive smoking when adjusted for other environmental factors and age. In this 

analysis average number of persons per room (5 or more) had significant association. 

Odds ratio was 18.37 (95% CI =2.71-124.55, p=0.02) (Table 12).
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Table 12  The association between environmental factors and development of
                 Tuberculosis in children by multivariate analysis

Environmental
factors

Crude
Odds Ratio*

95%CI of
Odds Ratio

Adjusted
Odds Ratio

95%CI of
Odds Ratio P-value**

Passive smoking
No 1 1
Close (and very
close) 5.53 2.17 – 13.95 6.40 a 1.77 –

23.03 0.002

Not Close 0.57 0.32 - 1.03 0.48 a 0.20 - 1.19 0.11
Biomass smoke
No 1 1
Yes 2.33 0.59 - 9.28 3.48 b 0.53 - 23.00 0.195
Housing ventilation
Good 1 1
Poor 0.94 0.47 - 1.89 0.65 c 0.18 - 2.31 0.50
Child's bedroom
ventilation
Good 1 1
Poor 1.32 0.81 - 2.16 1.52 d 0.71 - 3.26 0.28
Crowded in child's
 bedroom
1 Person 1 1
2 Persons 1.80 0.41 - 7.93 3.24 e 0.38 - 27.71 0.14
3 Persons 1.03 0.24 - 4.48 1.74 e 0.20 - 15.16 0.62
4 Persons or higher 2.55 0.56 - 11.63 5.49 e 0.58 - 51.99 0.23
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Table 12  The association between environmental factors and development of
                 Tuberculosis in children by multivariate analysis ( continued ).

Environmental
factors

Crude
Odds Ratio*

95%CI of
Odds Ratio

Adjusted
Odds Ratio

95%CI of
Odds Ratio

P-
value**

 Average number of
 persons  per room
1 Person or less 1 1
1.1 - 2.9 Persons 0.55 0.25 - 1.23 2.04 f 0.46 - 9.07 0.34
3 - 4.9 Persons 0.80 0.36 - 1.80 3.79 f 0.83- 17.24 0.06
5 Persons or higher 3.02 0.88 - 10.32 18.37 f 2.71 -

124.55
0.002

* Adjusted for age
** Chi-square test
a Adjusted for age, history of TB patient contact, biomass smoke, housing ventilation,
child's bedroom ventilation, crowded in child's bedroom, average number of person
per room
b Adjusted for age, history of TB patient contact, passive smoking,  housing ventilation,
child's bedroom ventilation, crowded in child's bedroom,  average number of person
per room
c Adjusted for age, history of TB patient contact, passive smoking, biomass smoke, child’s
  bedroom ventilation, crowded in child's bedroom,  average number of person per room
d Adjusted for age, history of TB patient contact, passive smoking, biomass smoke,
housing ventilation, crowded in child's bedroom,  average number of person per room
e Adjusted for age, history of TB patient contact, passive smoking, biomass smoke,
housing ventilation, child’s bedroom ventilation,  average number of person per room
f Adjusted for age, history of TB patient contact, passive smoking, biomass smoke,
housing ventilation,child’s bedroom ventilation, crowded in child's bedroom
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Table 13 Univariate analysis of socioeconomic factors associated with
development   of  Tuberculosis in children

Case ControlSocioeconomic factors N % N %
Odds

Ratio*
95 % CI of
Odds Ratio P-value**

Father’s  education 107 121
Elementary 46 43.0 49 40.5 0.73 0.33 - 2.07 0.68
Secondary education 45 42.1 52 43.0 0.75 0.30 - 1.88 0.54
Vocational degree 4 3.7 9 7.4 0.39 0.09 - 1.65 0.20
Bachelor degree or Higher 12 11.2 11 9.1 1
Mother’s  education 107 121
Elementary 47 40.9 58 45.3 0.23 0.28 - 1.88 0.51
Secondary education 49 42.6 57 44.5 0.74 0.302 - 1.98 0.59
Vocational degree 8 7.0 3 2.3 2.39 0.49 - 11.61 0.28
Bachelor degree or Higher 11 9.6 10 7.8 1
Education of Care taker 48 40
No education 7 14.6 8 20.0 0.98 0.23 - 4.16 0.98
Elementary 33 68.8 24 60.0 1.46 0.45 - 4.75 0.53
Secondary education 8 16.7 8 20.0 1
Father’s  occupation 106 122
No occupation 4 3.8 1 0.8 3.79 0.39 - 37.19 0.25
Unstable occupation 34 32.1 38 31.1 0.87 0.39 - 1.93 0.72
Stable occupation 49 46.2 65 53.3 0.720. 0.39 - 1.93 0.39
Trade / Self employed 19 17.2 18 14.8 1
Mother’s  occupation 113 128
No occupation 38 33.6 47 36.7 0.65 0.30 - 1.40 0.27
Unstable occupation 13 11.5 30 23.4 0.35 0.14 - 0.88 0.03
Stable occupation 41 36.3 34 26.6 0.98 0.44 - 2.14 0.95
Trade / Self employed 21 18.6 17 13.3 1
Household  income
( Baht per month) 130 130

Less than 5,000 baht 21 16.4 16 12.3 1.08 0.48 - 2.48 0.86
5,001 – 10,000 baht 35 27.3 51 39.2 0.57 0.29 - 1.09 0.09
10,001 – 20,000 baht 38 29.7 35 26.9 0.89 0.44 - 1.76 0.73
More than 20,000 baht 34 26.6 28 21.5 1
Mean (SD) = 18,75
(22,708.57)
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Table 13 Univariate analysis of socioeconomic factors associated with
development of  Tuberculosis in children   ( continued )

Case ControlSocioeconomic factors N % N %
Odds

Ratio*
95 % CI of
Odds Ratio P-value**

Stability of household
income 130 130

Stable (Every month) 18 13.8 14 10.8 1
Unstable
(Not every month)

112 86.2 116 89.2 1.35 0.64 - 2.85 0.44

* Adjusted for age
**  Chi-square test
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Table 14  The association between socioeconomic factors and development of
                 Tuberculosis in children by multivariate analysis

Socioeconomic
factors

Crude
Odds Ratio*

95 % CI of
Odds Ratio

Adjusted
Odds Ratio

95%CI of
Odds Ratio P-value**

Father’s education
Elementary 0.73 0.33 - 2.07 6.99 a 0.44 - 111.48 0.17
Secondary education 0.75 0.30 - 1.88 6.42 a 0.62 - 66.18 0.12
Vocational degree 0.39 0.09 - 1.65 0.74 a 0.03 - 16.00 0.85
Bachelor degree or
Higher 1 1

Mother’s education
Elementary 0.230 0.28 - 1.88 2.11 b 0.06 - 81.26 0.69
Secondary education 0.74 0.302 - 1.98 8.31 b 0.48-143.69 0.15
Vocational degree 2.39 0.49 - 11.61 59773.29 b 0.00-6493 0.68
Bachelor degree
or Higher 1 1

Education of
Care taker
No education 0.98 0.23 - 4.16 2.49 c 0.18-34.06 0.49
Elementary 1.46 0.45 - 4.75 3.66 c 0.59-22.41 0.16
Secondary education 1 1
Stability of
household income
Stable
(Every month) 1 1

Unstable
(Not every month) 1.35 0.64 - 2.85 5.01 g 0.55 - 45.61 0.15

Father’s
occupation
No occupation 3.79 0.38 - 37.19 4493.07 d 0.00-7488 0.82
Unstable occupation 0.87 0.39 - 1.93 3.94 d 0.35-43.88 0.27
Stable occupation 0.72 0.39 - 1.93 0.30 d 0.04 - 2.56 0.27
Trade / Self
employed 1 1

Mother’s
occupation
No occupation 0.65 0.30 - 1.40 0.14 e 0.01-2.98 0.21
Unstable occupation 0.35 0.14 - 0.88 0.459 e 0.06 - 3.65 0.46
Stable occupation 0.98 0.44 - 2.14 0.48 e 0.06 - 4.11 0.5
Trade / Self
employed 1 1

Copyright by Mahidol University



Mathuros Tipayamongkholgul                                                                                                   Results / 58

Table 14  The association between socioeconomic factors and development of
                 Tuberculosis in children by multivariate analysis (continued)

Socioeconomic
 factors

Crude
Odds Ratio*

95 % CI of
Odds Ratio

Adjusted
Odds Ratio

95%CI of
Odds Ratio P-value**

Household income
( Baht per month)
Less than 5,000 baht 1.08 0.48 - 2.48 0.25 f 0.01 - 9.24 0.45
5,001 – 10,000 baht 0.57 0.29 - 1.10 0.08 f 0.01 - 0.88 0.04
10,001 – 20,000 baht 0.89 0.44 - 1.76 0.71 f 0.12 - 4.30 0.71
More than 20,000 baht 1 1
Stability of
household income
Stable (Every month) 1 1
Unstable
(Not every month) 1.35 0.64 - 2.85 5.01 g 0.55 - 45.61 0.15

* Adjusted for age
** Chi-square test
a Adjusted for age, mother’s education, education of care taker, parental occupation,
household income, stability of household income
b Adjusted for age, father’s education, education of care taker, parental occupation,
household income, stability of household income
c Adjusted for age, father’s education, mother’s education, parental occupation,
household income, stability of household income
d Adjusted for age, father’s education,mother’s education, education of care taker,
mother’s occupation, household income, stability of household income
e Adjusted for age, father’s education, mother’s education, education of care taker,
 father’s occupation, household income, stability of household income
f Adjusted for age, father’s education, mother’s education, education of care taker,
parental occupation, stability of household income
g Adjusted for age, father’s education, mother’s education, education of care taker,
parental occupation, household income

Socioeconomic factors.

Univariate analysis of socioeconomic factors had shown significant association 

between unstable occupation of mother (p=0.03) (Table 13). The results showed a 

protective effect against tuberculosis, odds ratio was 0.35 (95%= CI 0.14-0.88) 

adjusted for age.

When adjusted for age and other socioeconomic factors, the results were not  

statistically significant on the association between these factors and tuberculosis in 

children (p>0.05) (Table 14).

Copyright by Mahidol University



Fac. of  Grad. Studies, Mahidol Univ.                                                               M. Sc. (Public Health) / 59

According to all analytical methods, the significant association factors in this 

study were history of TB contacted, passive smoking, frequency of illness and average 

of persons per room. To ascertain the real association between each factors mentioned 

above and tuberculosis in children, all important of confounding factors must be 

controlled.

In order to specify factors other than history of TB patient contacted, the 

analysis was performed among non-TB patient contacted only. The analysis in 

contacted group could not be performed due to a very small number of controls  who 

had prior contacted to TB patients ( 3 persons).

Table 15 Association between significant factors  and development of Tuberculosis
                in chidren adjusted by age, average number of person per room, passive

smoking    in children without  history of TB patient contacted

Unexposed with TB patient
Factors

Odds Ratio 95 % CI of OR P-value*

Frequency of illness
      Never 1
     1 Time 0.36 a 0.11-1.19 0.09

     2 Times or higher 2.59 a (0.97-6.91) 0.059

Passive smoking
No 1

Close (and very close) 9.31 b 3.14 – 27.58 0.0001

Not Close 0.54 b 0.25 - 1.16 0.12

Average number of  persons per room

             1 person or less 1

1.1 - 2.9 Persons 1.04 c 0.34-3.22 0.95

3 - 4.9 Persons 1.44 c 0.46-4.57 0.53

5 Persons or higher 11.18 c 2.35-53.20 0.002

* Chi-square test
a  Adjusted  for age, average number of person per room, and passive smoking
b  Adjusted  for age, average number of person per room, and frequency of illness
c  Adjusted for age, frequency of illness, and passive smoking
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When the stratified base on history of TB patient contacted was done (table 

15). The results were as follow,

Frequency of illness (per month) were not showed a significant association 

with development of TB in children, when adjusted for age, average number of person 

per room, and passive smoking.

Close (and very close) to passive smoking showed a significant association 

with development of Tuberculosis in children in unexposed with TB patient groups 

when adjusted for age, average number of person per room, and frequency of illness, 

odds ratio 11.53 (95 % CI = 2.99 - 47.3, p=0.0004). That mean, children who very 

close to passive smoking had high risk to get TB easier than children who unexposed 

to passive smoking even when they had no direct contacted with TB patients.

Average number of persons per room: 5 persons or higher, was associated with 

development TB in children, (OR= 11.18, 95% CI = 2.35-53.20) in unexposed with 

TB patient when adjusted for age, frequency of illness, and passive smoking 

(p=0.002). That means children who lived in high density family had higher risk to 

sick with tuberculosis than children who live in low density family, even though they 

do not have TB patient in family.
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CHAPTER V
DISCUSSIONS

The results of this study showed association between environmental factors 

and development of tuberculosis in BCG immunized children. The similar findings 

had been reported in many previous studies in other countries.

As many previous studies, this study found a strong association between 

history of TB patient contacted and development of TB in children. On the other hand, 

this study found an unequally association of closeness and TB in children. Luthong L. 

et al. 2000 (11), reported differences of TB incidences compared among different 

levels of closeness. Most epidemiologic studies in United States reported a high risk of 

infection and development of TB in children who lived or contacted with TB patient 

(51-52,56-57,77)

This result supports the recommendation of Tuberculosis Cluster (Appendix 

C), which intends on children who close contact with TB patient. This 

recommendation is Latent tuberculosis treatment guideline. All of TB close contacts 

who have tuberculin positive (see page 20) must receive treatment although they do 

not show any signs of manifestation.

This could be explained by natural history of TB. It’s an air-borne disease, so 

aerosols are major cause of transmission to children and others. Therefore it is strongly 

suggested that TB patient family, must be separated from their children or an effort 

should be made to prevent their child from the TB aerosols that spread when TB 

patient cough or sneeze.

The results of this study showed significant association between  crowded 

family (average of person per room=5 persons and over) and TB after adjusted for age, 

history of TB patient contact, passive smoking, biomass smoke, housing ventilation, 

child’s bed room ventilation, crowded in child's bed room (OR = 18.37, 95% CI = 

2.71-124.55).   
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This result confirmed many evidence of TB outbreak in many countries, that 

often occurred in crowded areas, which family size is large (5,19,54,72).

Similarly, the ecological study in United Kingdom, Hawker JI. et al. 1999 

reported that tuberculosis rate associated with higher level over crowding (72). In 

Thailand, the report of Tuberculosis Division in 1999 showed that prevalence of TB 

were almost 7 times higher than the country’s average (PR 1226 / 100,000) in highest 

level overcrowding such as prison (73).

Overcrowding associated with development of TB in children, even though 

they were no TB patient in household. The children who lived in high density family 

had higher risk  of tuberculosis than children who lived in low density family (OR= 

11.18, 95%CI=2.35-53.20).

This result can be explained by chance of exposure to TB agent. High density 

family or community, children who lived in this place had higher chance to expose to 

TB agent, that spread from TB patients in community (9).

Passive smoking in very close contact group showed a significant association 

to development of TB in children when adjusted for age (OR=85.67,95%CI=11.33-

647.79). This finding agree with the results found in Spain, United Stated and China 

etc.(69-71,      79-80).

Alcaide et al. (69) found that cigarette smoking were associated with 

development of active TB. Altet MN et al. (70-71) reported in same direction that 

passive smoking was an influence factor on the development of active pulmonary TB.

The biologic plausibility of smoking being linked to develop TB, was based on  

much evidence that tobacco smoke adversely affects ciliary action and the movement 

of the mucous blanket.

Children  exposed to tobacco smoke in two ways, mainstream and side stream. 

Mainstream cigarette smoke is the material drawn from the mouth end of cigarette 

during a puff. Side stream cigarette smoke is the material release directly into the air 

from the burning tip of the cigarette (78).

Passive smoking had effects on children by reduction lung function. The toxic 

substance in  tobacco smoke impact on immune defense mechanism (79). They 

interfere with cell mediated lung defense mechanism (80) by decrease the number of 

macrophage in the lung tissue and number of T-lymphocyte (T4 and T8), and prevent 
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activation of T-lymphocyte (79). That means  when they exposed to TB agent, defense 

mechanism in respiratory tract became weak, so it cannot destroy TB agent.

Many previous studies reported association between the poverty and TB 

(5,9,37,72) but  not in this study. Because of majority of subject’ parent in this study 

had a stable income and come from middle class. Therefore the diversity of income 

was minimal. However these study subjects might not represent all Thai children 

population.

According to this study result, BCG immunized children and non-BCG 

immunized  children the risk factors for development of TB apparently to be similar 

between BCG immunized and non-immunized children (89-90) .

This could be explained by BCG efficacy. BCG efficacy was not evaluated in 

this study because non-BCG immunized children were difficult to find in countries 

that BCG vaccination coverage almost 100 %. However many previous studies in 

Canada, Central Africa Republic and Japan reported the protective efficacy against TB 

as uncertain. It varied from 80 % to 0 %, an average 50 % (82-87). However BCG 

vaccine affect to decrease severity of TB in children (Figure 5) and the TB mortality 

rate must be decreasing too.

In Thailand, Sirinavin S. et al. (1991) used matched case control to evaluate 

protective efficacy of neonatal BCG vaccination in Thai children. Two hundred eighty 

two children were evaluated. The result showed protective efficacy was 83 % (7).

Sarey P. et al. conducted prospective study during 1981-1982 at Chest clinic, 

TB Division. The results showed protective efficacy was 59.2 % (88).

This study had some limitations. First, this study was a hospital based case-

control study, all of cases were diagnosed before interview. Information bias might 

have occurred in this study. In same cases, children might have been sick for a few 

years, the child’s parent or child’s caretaker could not remember the situation, which 

stayed long before the sickness began. Some children may have changed their 

environment or socioeconomic in a number of ways. The prospective cohort study is 

best in controlling this kind bias. Of course, it would be harder  to conduct if the 

longer follow up time is needed. More over, the incidence is pretty small.  TB in 

children is difficult to diagnosis because this disease has vary signs and symptoms in 

each organ, so the diagnosis must be performed in hospitals, which have an adequate 
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material  (x-ray apparatus, laboratory etc.) and high skilled personnel (pediatrician, 

technician, radiologist etc.)  to do. The identification of small number of cases within a 

large cohort would consume a high resource a time and budget, which make such 

study implausible.

Second, this study conducted  in  two government hospitals, Siriraj hospital 

and Queen Sirikit National Institute of Child Health, which is the services commonly 

known for its availability and accessibility for all children. Because of this study was 

included cases by standard diagnostic criteria (page 25), so the cases from two 

hospitals were included by same criteria.  However majority of samples in two 

hospital came from Bangkok and central region. That might reduce generalizeability 

of sample population. Most of samples lived in Bangkok and central region. That 

might effected the generalizeability of this study, in terms of socioeconomic condition. 

Most of child’s parent has stable income (monthly), theirs career are employee, 

government officer, and state enterprise employee. That was small diversity of 

incomes in the sample group. Thus this might be the reason why an association 

between socioeconomic status and TB was not revealed.  To eliminate this limitation, 

the sample might be collected from several hospitals around Thailand. This could not 

be done in this study, because of limitation of budget.

Third, the controls were selected from orthopedic department at Queen Sirikit 

National Institute of Child Health only. The orthopedics patients were selected 

because they might have unassociated factors with the TB. The kinds of manifestation 

of control are congenital disability, club foot, or accidental disability, bone fracture. 

The advantages of hospital controls, are higher cooperation than the healthy, easily 

identified and readily available in sufficient number. The controls are similar to cases, 

with respect of some biological factors, that made this study did not find association in 

this group. This study’s results were different from previous study in India, German 

and United States (29-33).

Finally, this study is contained no direct observation on behavior and 

environment. All of information was obtained from the interview. The information 

bias might be occurred. To minimize this bias, before interview, the interviewer must 

explained children’s parent or caretaker about the significance of this study. Let them 

know their information was importance for this study, but  not tell them about the 
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study’s hypotheses. That is important to maintain blindness to all children’s parent or 

caretaker. The information about ventilation in house was difficult to answer so 

interviewer must helped them to remember. On the ventilation’s information, this 

study  was focused on child’s bedroom and room that child often stay. These rooms, 

child and  parent  spent a lot of time per day. In order to make it more easy to recall, 

interviewer must made a square assume it is a room. Then child’s parent or caretaker 

pointed at the wall, on which door and window exist. From this method, they did not 

hesitated to answer those questions. The passive smoking was the other considered 

important variable in this study. We asked about smoker in family in two parts whom 

and where they smoke. That ensured the respondent could remember. All of them 

were not hesitate to answer this question except the question about a number of 

cigarette, in case of they was not a smoker.   

However, we note that passive smoking and large size family  are influencing 

factors of development of TB in children. The household contacted is the mainly risk 

factor of TB. In other words, BCG immunized children who have TB patient in family 

or house, and always exposed with passive smoking or living in large size family are 

at the exceptional high risk of developing TB.
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CHAPTER VI
CONCLUSIONS AND RECOMMENDATIONS

This hospital based case control study were conducted at Pediatric Department 

Siriraj hospital, at TB clinic and Orthopedic clinic at Queen Sirikit National Institute 

of Child Health during 1 December 2002 to 30 June 2003. Two hundred sixty children 

enrolled in this study. The mean age of samples were 5.95 (SD 3.72). The majority of 

cases were Pulmonary TB (50%), and control were bone fracture (60%).

In univariate analysis, the factors, which significantly associated with 

development of TB adjusted for age were frequency of illness 2 times per month or 

higher (OR 2.41, 95% CI =1.06 - 5.52), very close contacted with TB patient (OR 

85.67 ,95% CI= 11.33-647.79), close contacted (OR 31.11, 95% CI= 3.93-246.22), 

and not close (OR 32.70, 95% CI= 4.81-255.94), close (and very close) to passive 

smoking (OR 5.5, 95% CI= 2.17 – 13.95)

When the stratified base on history of TB patient contacted was done (table 

10). The results were as follow,

Frequency of illness (per month) did not showed a significant association with 

development of TB in children  when adjusted for age, average number of person per 

room, and passive smoking.

Very close to passive smoking showed a significant association with 

development of Tuberculosis in children in unexposed with TB patient groups when 

adjusted for age, average number of person per room, and frequency of illness, odds 

ratio 11.53 (95 % CI = 2.99 - 47.3, p=0.0004). That mean, children who very close to 

passive smoking had high risk to get TB easier than children who unexposed to 

passive smoking even when they had no direct contacted with TB patients.
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Average number of persons per room: 5 persons or higher, was associated with 

development TB in children, (OR= 11.18, 95% CI = 2.35-53.20) in unexposed with 

TB patient when adjusted for age, frequency of illness, and passive smoking 

(p=0.002). That mean children who lived in high density family had higher risk to sick 

with tuberculosis than children who live in low density family, even though they do 

not have TB patient in family.

Recommendation

Based on the results on this study, the recommendation as follow;

1. The community leaders or government organizations must do campaign to 

prohibit smoking in public area to reduce chance of passive smoking among children, 

use mass media to make a comprehensive message about effect of tobacco smoke, and 

encourage smokers in every family to avoid smoking nearby children,  because it 

damages their child’s health.

2. Public health organizations must set a surveillance system, mentioning that 

high-density communities might be a big source of TB agent. Children who live in that 

community should be monitored regularly on TB infection because they might suffer 

from the seriously TB manifestation which cause of death and disability

3. TB Cluster of Bureau of AIDs Tuberculosis and Sexual transmit infection 

must mention on children who get latent tuberculosis. The Latent tuberculosis 

treatment recommendation (see appendix b) must be implement to all heath centers in 

Thailand. It must be the efficiency TB control programs in child.

Further studies should concentrate on passive smoking, high density 

community and socioeconomic status. That may association with TB in children and 

effect to develop a TB  prevention  plan.
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APPENDIX A

QUESTIONNAIRE

Factors associated with development of tuberculosis in BCG immunized children

Date of first Diagnosis……………../…………../…………

Field of study : Hospital’s

name…………………………………………………………

Medical information (From medical record)

Physical diagnosis…………………………………………

Diagnostic method: Tuberculin skin test [ ]  No [ ]

Yes…………mm

Chest x-ray examination: [ ] No [ ] Yes
[ ] Positive      [ ] Negative

Laboratory examination: [ ] No [ ] Yes
[ ] Positive    [ ] Negative

General information of patient

1. Name………………………………………………………………………………

Address………………………………………………………………………………

2. Birth date……/………/……….. Age………Years

3. Sex [ ] Male [ ] Female

4. Religion [ ] Bhuddism [ ] Christianity

[ ] Islamism [ ] Other

5. BCG information [ ] BCG scar   [ ] buttock  [ ] deltoid

[ ] Immunization record

6. Birth place [ ] Government health center

[ ] Private health center

[ ] Other

ID code…….
   [ ] Case
   [ ] Control
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7. What are signs and symptoms that bring the child to hospital?

[ ] Low grade fever [ ] Loss weight

[ ] Anorxia [ ] Chronic cough

[ ] High fever [ ]

Lymphanomegaly

[ ] Abnormal structure[ ] Wheezing

breath

[ ] Accident, Injury [ ] Painful

8. Child’s education

[ ] No education       [ ] Kindergarten

[ ] Elementary          [ ] Secondary

education

Biological factors information of the child

9. Birth weight……………grams [ ] Normal [ ] low birth weight

10. Current weight…………Kg. Current High………………………..cm.

Nutritional status [ ] Normal

[ ] Malnutrition ( moderate level )

[ ] Malnutrition ( Severe level )

11. During 1 year before current sickness, did the child used to get sick with measles

or chicken pox or mump?

[ ] No [ ] Yes

12. During 1 year before current sickness, how  many  times did the child sick within a

month (on average)? ……………….times/month

13. Do the child has other diseases? [ ] No [ ] Yes
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Environmental factors

14. Had any of family member ever got  sick with TB while living in the same house

as the child? ( During 1 year before the child sickness )

[ ] No (Skip to Q.20) [ ] Yes

15. What is the relationship between the child and TB patient?

[ ] Parent [ ] Grand parent

[ ] Brother/sister [ ] Cousin

16. Did he/she was found to have TB agent in sputum? [ ] No [ ] Yes

17. Does he/she usually sleep with the child? [ ] No [ ] Yes

18. Does he/she usually take care the child? [ ] No [ ] Yes

19. Does he/she usually eat with child? [ ] No [ ] Yes

20. Have you ever visited other TB patient? [ ] No [ ] Yes

21. The type of house currently lived by the child and family

[ ] Condominium/Flat [ ] Single room

[ ] Economic building [ ] Temporary house

[ ] Wooden house [ ] Town house

[ ] House with its own area and fence

22. How many family members living in yours

house?…………………………persons

23. How many bedrooms in yours house?……rooms

( number of person per room…….)

24. Are bedrooms separated from other room? [ ] No [ ] Yes

25. Do you have windows in your house?  [ ] No [ ] Yes (Number….)

26. Do you have windows in living room, that the child  always stay?

[ ] No [ ] Yes  (Number……..sides)

27. Do you have an air conditioner in yours house? [ ] No [ ] Yes
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28. Do you have windows in child’s room ? [ ] No [ ] Yes  (Number……..sides)

29. Are the windows always open? [ ] No [ ] Yes  (Number……..sides)

30. How many persons usually sleep in child’s room?……………….persons

31. Do you have an air conditioner in child’s room? [ ] No [ ] Yes

32. Do you usually cook? [ ] No [ ] Yes

33. Where is your kitchen? [ ] In house [ ] Out side

34. Can the smoke from kitchen through in child’s room? [ ] No [ ] Yes

35. What’s kind of fuel that you use to cook? [ ] Gas [ ] Wood/coal

36. Do you have any family member who smoke? [ ] No [ ] Yes

(Answer no skip to 40)
He/she usually smoke at (39)

Who is smoker

(37)

Number of cigarette

(per day) (38) Near the child
Other area in

house
Living room

Out side

the house

Socioeconomic information

40. What is Father’s education? 

[ ] No education [ ] Elementary [ ] Secondary education

[ ] Vocational [ ] Bachelor degree or higher

41. What is Mother’s education?

[ ] No education [ ] Elementary [ ] Secondary education

[ ] Vocational [ ] Bachelor degree or higher
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42. Who usually take care of the child? [ ] Father [ ] Mother

[ ] Grand parent [ ] Other 

43. What is an education of care taker?

[ ] No education [ ] Elementary [ ] Secondary education

[ ] Vocational [ ] Bachelor degree or higher

44. What is the father occupation? [ ] No occupation

[ ] Farmer or agriculturist

[ ] Unstable occupation (Daily wage earner)

[ ]  Employee (regular monthly wage earners)

[ ] State enterprise or Government officer

[ ] Trade / Self employed

45. What is the mother occupation? [ ] No occupation (Housewife)

[ ] Farmer or agriculturist

[ ] Unstable occupation (Daily wage earner)

[ ]  Employee (regular monthly wage earners)

[ ] State enterprise or Government officer

[ ] Trade / Self employed

46. How much are yours average household income? (Per month)………………Baht

47. Do you get this sum of money every month?

[ ] No [ ] Yes
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APPENDIX  B

INFORMED CONSENT

Research titles: Factors associated with development of Tuberculosis in BCG 

immunized  children

Date: ……………………………………………………………………………………

My name is Mr./Mrs./Miss………………………………………………... 

Father / Mother / Guardian of Boy / Girl name……………………………voluntarily 

accepted the proposal that my child will be enrolled in this study. Before I sign, the 

researcher had explained about this study concerning its objective which aimed at 

discovering risk factors of TB manifestation in BCG immunized children and to define 

risk groups of TB in children which will be useful for the TB prevention program.

The researcher answered  every questions, until I understand this study.

All of my family information is kept confidential. The researcher can report it 

in study’s result in forms of group’s figure only. The researcher cannot reports my 

family information in individual without my approval.

I read all of the messages in the information sheet and understand it. I sign in 

this informed consent form with agreement. Because of the subjects in this study are 

children. So their parents or guardian is represent to sign.

Sign………………………………………….Father / Mother / Guardian

Name(…………………………………………)

Sign………………………………………….Witness

Name(…………………………………………)

Sign………………………………………….Witness

Name(…………………………………………)
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Information

Volunteer or patient information on the research project

“ Factors associated with development of tuberculosis in BCG immunized

children”

You are invited to participate in a research study of factors associated with 

development of tuberculosis in BCG immunized children. This study concern about 

factors affecting the tuberculosis manifestation in BCG immunized children. You were 

selected as a possible participant because you are parents and/or caretaker of children 

who came to Siriraj Hospital / Queen Sirikit National Institute for child Health. The 

parents of total 260 children will be enrolled in this study. We ask that you read this 

form and ask any questions you may have before agreeing to be in the study.

This study is being conducted by Mathuros Tipayamongkholgul who is a master 

degree student at the faculty of Public Health, Mahidol University.

Background Information

The purpose of this study is to define risk factors of tuberculosis in children aged less 

than 15 years who had been immunized with BCG vaccine at newborn or school 

entrance. Parent or caretakers of child will be interviewed on child’s factors, parent’s 

factors and housing environment. The interview will take approximately 30 minutes. 

Information will be analyzed and compared between children with and without TB.

Procedures

If you agree to be in this study, we would like to ask you to answer questions on: (I) 

Demographic  factors, (II) Biological factors, (III)  Environmental factors, (IV) 

Socioeconomic factors. The time of interview will be approximately 30 minutes and 

we will use the time during the waiting time to see doctors.
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Risks and Benefits of Being in this Study

There are no foreseeable physical and mental risks to you. However, you might 

experience uncomfortable felling from recalling information about yourself and your 

family. Some question may be explicit and unexpected. There will be no direct benefit 

to you from participating in this study.

Confidentiality

All of your answers will be anonymous. All questionnaires will be kept confidential. 

Code will be used to identify persons in data analysis. Only the primary investigator 

will have access to the questionnaires. After the data from the questionnaires has been 

entered into a computer data file and the analysis is completed, the questionnaires will 

be destroyed. In any sort of report we might publish, we will not include any 

information that will make it possible to identify you.

Voluntary Nature of the Study

Your decision to participate or not, will not affect care to your child. If you start to 

answer the questions, and find you do not want to complete them, you can stop at any 

time. You may also choose not to answer questions that make you feel uncomfortable.
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APPENDIX C

TUBERCULOSIS ELIMINATION STRATEGIES

1)  Identification and treatment of all active TB cases

2)  Contact investigation and treatment of LTBI and active TB

3) Test high risk for LTBI and offer treatment

Remark :

Latent tuberculosis infection ( LTBI )  หมายถึง ผูปวยที่มีผลการตรวจ Tuberculin skin test  

เปนบวก แต ผลการเอกซเรยปอดปกติ

Tuberculosis control in Thailand

1. Identification and treatment of active pulmonary TB by DOTS

Target      - Cure active TB at least 85%

                - Identification of active TB- at least 70%

2. Others  - BCG. Vaccination

                - Chemoprophylaxis

                - Hospital prevention

Gr. at risk

1. Close contact

2. Clinical conditions at risk

- Recent TB infection

- HIV inf.

- Injection drug uses

- Radiographic findings consistent with prior TB
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3. Other clinical conditions at risk

- Silicosis

- Renal transplantation

- Cardiac transplantation

- Diabetes Mellitus ( DM )

- Corticosteroid (> 15 mg/d for 2-4 wk.)

- Alcohol use

Treatment of LTBI Emphasis on targeted TT among persons at high risk

1. Recent  inf. (close contacts)

2. Have clinical conditions that increase  risk for TB

1. Close contacts

Adults  c pulm TB, sputum +ve

Household children exam.
TT, Chest X-ray

Tuberculosis

Not Tuberculosis

< 5 yr.

TT +ve, -ve* TT +ve*** TT -ve** Rx H 9 months.

> 5 yr. HIV

Rx H 6 months. H 6 months. Observe

* Rx - H 3 months, retest, if TT +ve continue Rx to complete 6 months. In TT -ve  s    BCG  scar - Rx      
BCG. Vacc.

** Retest at 3 months, if TT +ve - Rx H 6 months., in TT -ve   s  BCG . Scar - Rx BCG.Vacc.
*** Tuberculin reaction > 5 mm. In non BCG. Children, > 15 mm. In BCG. children

Rx

Rx
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2. Persons at high risk, TT +ve, no history of close contact

- Age under 5 years

- Recent converter (in Health care workers)

- Old fibrotic lesion in Chest X- ray

- HIV

- Immune deficiency, prolong use of conticosteroidl

  - Others ( DM, Silicosis, Drug user, Persons working at home for AIDS etc. )
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