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World Class Education 

Tuberculosis 

An Introduction to Tuberculosis 

The vulnerable respiratory apparatus is easily invaded by microorganisms. Breathing is continuous 
and as respiratory gases are wafted in and out, infecting organisms find free passage deep inside the 
body. The site of entry is commonly the nasopharynx, but entry can also occur through the 
oropharynx and the conjunctiva. The lachrymal glands drain into the nasopharynx and 
experimental studies have shown that this is often a more certain method of infection than directly 
through the nose. The respiratory system also includes connections to the middle ear, the sinuses 
and the gastro-intestinal tract. 
The ciliated lining and mucus-secreting cells of the respiratory tract can act as nonspecific host 
defence mechanisms entrapping microorganisms and passing them to the exterior. In attempting 
to expel these secretions from the body by coughing or spitting, organisms may be transmitted to 
another host. The lymphoid tissues, especially the tonsils and adenoids, guard the respiratory 
apparatus, but sometimes may themselves become foci of infection. 
Respiratory infections are usually transmitted by direct contact between individuals and generally 
the closer the contact, the greater the chance of spread. As contact between human beings is a 
necessary part of life, control becomes more difficult and non-specific. Even so, the respiratory 
diseases are an enigma, the voluminous quantities of expelled organisms are sufficient to infect the 
entire population, yet only some individuals manifest disease. It is the infective dose and the host 
response, which determines whether infection will occur. 
Environmental factors that increase the infective dose (e.g. overcrowding) or reduce the host 
resistance (e.g. malnutrition or concomitant infections) can have a marked effect. 
Tuberculosis 
One of the major diseases in the world, tuberculosis poses considerable challenge in developing 
countries. Not only are a proportion of the population infected with this debilitating and often 
fatal disease, but the period of infectiousness is prolonged (approximately 5 years in an untreated 
case), permitting transmission to many other persons. 
Indeed, in a number of countries, an endemic balance has been achieved whereby the number of 
cases that resolve spontaneously, are cured by medical treatment or die, are replaced by an equal 
number of new cases entering the pool of tuberculosis. HIV infection has added to the likelihood 
of people developing tuberculosis so that it is increasing in sub- Saharan Africa. In the world, 8 
million people develop tuberculosis every year and 2 million die from it. 
Organism Mycobacterium tuberculosis, but infection can also be caused by M. bovis (from cattle) 
or M. africanum. There are many mycobacteria occurring naturally, including M. avium, M. 
intracellulare and M. scrofulaceum, that can sensitize the individual and interfere with BCG 
vaccination. In endemic countries, M. tuberculosis is widespread, with 1–3% of the population per 
year being at risk of infection. 
Clinical features A productive cough with weight loss, fever and anaemia are the most important 
signs of tuberculosis. Any chronic cough persisting for 3 weeks or more, especially if there is also 
weight loss and anaemia, should be regarded as a possible case of tuberculosis and sputum smears 
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taken. Haemoptysis is an important diagnostic sign and may be streaking of the sputum with blood 
or frank coughing-up of fresh blood. 
Tuberculosis infects people in a spectrum of severity depending on the host response, the dose of 
organisms and the length of time. The first sign of infection is the primary complex in which the 
organism is localized to an area of the lung with a corresponding enlargement of the hilar lymph 
nodes. In the majority of people, this heals completely or with a residual scar, and the person 
develops immunity to further challenge. 
If healing does not occur, then the focus extends to cause glandular enlargement, pleural effusion 
or cavity formation. 
The third phase of the disease results from complications of the regional nodes. These may be 
obstructive, leading to collapse and consolidation, cause erosion and bronchial destruction or 
spread locally. The final stage is one of blood stream spread, disseminating bacilli to all parts of the 
body where they may produce tuberculous meningitis or military infection. Long-term 
complications are those of bones, joints, renal tract, skin and many other rare sites.  
The risk of developing local and disseminated lesions decreases over a period of 2 years. If the 
majority of cases are going to progress, they will do so within 12 months of infection or 6 months 
from the development of the primary complex. By the end of 2 years, 90% of the complications 
would have occurred. Bone and other late complications are a very small proportion beyond this 
time. 
Diagnosis Tuberculosis is spread by droplet infection, so sputum-positive cases transmit the disease 
much more efficiently than those whose sputum is negative on microscopy. The risk to the 
community is, therefore, from pulmonary tuberculosis and the emphasis should be on finding 
these cases by taking a sputum smear, ideally confirmed by culture. The comparative costs of 
diagnostic techniques are: 

 
Fifty sputum smears can be made for the equivalent cost of one X-ray and this economy can be 
used for diagnosing cases in th community. Anybody presenting to the health services with a cough 
for 3 weeks or more should be asked to produce some sputum and a smear made. This is dried 
and stained with Ziehl–Neelsen for acid-fast bacilli. X-ray examination has a high sensitivity and, 
therefore, is of more value in countries with a low incidence and plentiful  
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The evolution of untreated primary tuberculosis (modified). 
resources, but sputum microbiology is stillnecessary to confirm the diagnosis and provide cultures 
for drug susceptibility testing. 
A simpler form of search is made in the village of a newly diagnosed case. The contacts are 
examined to see if there is anybody with a productive cough or clinical signs, and a smear made. 
Contacts should be given BCG. Chemoprophylaxis is given to children under 6 years and to 
contacts positive for HIV, and followed up at regular intervals. This can all be included in the 
national registration system. 
Transmission is by the airborne route, with coughing and spitting being the main modes of 
disseminating the organism. Many people meet the tubercle bacillus in early life, acquire resistance 
and are quite unaware of ever having come into contact with it. A proportion, approximately 5%, 
will manifest the disease in varying levels of severity. It might be nothing more than an 
enlargement of the primary focus with a few systemic effects, only to resolve spontaneously, while 
others may have respiratory symptoms or progress rapidly to blood stream spread presenting as a 
case of military or tuberculous meningitis. The type and severity of the disease is determined by the 
host response, but why one person should develop tuberculosis, and another should not, cannot 
generally be determined. There is some evidence that susceptibility may be genetically determined 
as people who have suffered from tuberculosis, even if adequately cured, are more likely to develop 
a new infection a second time. Some families are particularly susceptible, as with the famous 
literary family the Bronte sisters, where first the mother died from tuberculosis, followed by nearly 
all the children, yet the father never succumbed to the disease. 
The dose of bacilli might also be important because young children in close contact with an active 
case more commonly develop severe tuberculosis (miliary or meningitis). 
Factors that are known to reduce resistance are: 

 young age, especially the first year of life; 
 pregnancy; 
 malnutrition; 
 intercurrent infections, such as measles, whooping cough and streptococcal infection; 
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 HIV infection; 
 occupations or environments that damage the lung (mining, dust, smoke). 

As well as variation amongst individuals, there are also considerable differences in the 
susceptibility of populations. This can be measured by the annual tuberculosis infection rate, 
which compares the tuberculin reaction of non-vaccinated subjects of the same age every 5 years. 
With BCG vaccination at birth, this cannot be done any longer, but data obtained before this 
became a universal policy is still valid. Another method of estimating incidence is from 
tuberculosis notifications as seen in the figure below. 
There are also environmental factors and density is as important as susceptibility of the 
population. The dose of bacilli that the individual will meet is increased by continued contact over 
a period of time. This dose/time factor is more likely to be found in conditions of poverty and 
overcrowding. If the dose is sufficiently large and maintained for long enough, even the defences 
of the immunologically competent individual may be broken down. The risk of infection is 
greatest in the young and rises again in the old, so overcrowding increases the opportunity for 
infection to be acquired at a younger age. 
Since the young mix extensively, they will have a greater opportunity for passing on infection. At 
the other end of life, the elderly often form persistent foci in a community, a potent source of 
infection to the young. 
HIV infection has changed the epidemiology and presentation of tuberculosis, especially in Africa, 
leading to more lower lobe and extrapulmonary disease. (There are estimated to be more than 20 
million persons worldwide with dual tuberculosis and 
HIV, with the majority of these cases in Africa.) Reduced host response has increased susceptibility 
and allowed reactivation or reinfection to take place as well as increasing the likelihood of new 
infection 
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Tuberculosis notification rates, 2002. Reproduced by permission of the World Health 
Organization, Geneva. 
from a contact or case; however, there is evidence to suggest that HIV/tuberculosis patients are less 
infectious. Conversely, tuberculosis patients are more likely to rapidly progress to full-blown 
acquired immunodeficiency syndrome (AIDS) when infected with the HIV virus. Initially HIV-
infected tuberculosis patients commonly present with pulmonary infection similar to the HIV 
negative case, but as the disease progresses, extrapulmonary tuberculosis predominates and other 
manifestations of HIV disease, such as chronic diarrhoea, generalized lymphadenopathy, oral 
thrush and Kaposi’s sarcoma, aremorecommon.All HIV-positive cases should, therefore, be 
investigated for tuberculosis and all tuberculosis cases tested for HIV. Despite the increase in 
extrapulmonary tuberculosis, it is still the sputum-positive case that is responsible for transmission 
of infection and this must remain the priority in searching for cases. 
Consumption of unpasteurized milk may result in bovine tuberculosis in humans where the 
disease is present in the animal population. This presents with enlargement and suppuration of 
the cervical lymph nodes rather than pulmonary disease. It is now less common than before with 
the testing of cattle and pasteurization of milk, but in developing countries where cattle and their 
produce are an important part of the diet, such as in Central and South America, bovine 
tuberculosis is found. 
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Incubation period The period between infection and development of the primary complex is 4–12 
weeks. 
Period of communicability A new, untreated case of tuberculosis will normally produce organisms 
for 12–18 months, but in those that develop a low-grade infection with chronic cough, infection 
can continue for a considerable period of time (about 
5 years). Once treatment has started, the person becomes non-infectious in about 2 weeks. 
Occurrence and distribution Tuberculosis is found worldwide in various levels of severity. 
Countries of low prevalence are defined as those where less than 10% of children under 15 years 
have a positive tuberculin test. These are largely the countries of Western Europe and North 
America. Tuberculosis, however, is increasing in Eastern Europe and the former USSR. 
Nearly the whole of the tropical world has a high prevalence rate with some countries experiencing 
over 50% of the under 15- year-olds being tuberculin-positive. In addition, urban areas have higher 
prevalence rates than rural areas. The rates are high in 
Africa and parts of South America. Asia, India, Myanmar, Thailand and Indonesia all have high 
tuberculin-positive rates. In the Americas, the indigenous peoples have a much higher rate than 
the non-indigenous. There is a high susceptibility in Pacific Islands in which tuberculosis was an 
unknown disease until the arrival of explorers, who introduced the disease. 
Control and prevention There are four main strategies for the control and prevention of 
tuberculosis in the following order of priority: 

 search and contact tracing for new cases; 
 adequate treatment of all cases, especially the sputum-positive; 
  improvement of social and living conditions; 
 BCG vaccination. 

Vaccination by BCG induces cell-mediated immunity to the mycobacteria and does not generate 
humoral immunity, as do other vaccines. BCG vaccination, therefore, alerts the body’s defences 
rather than inducing antibody formation. After a BCG vaccination a primary infection will still 
take place, but the progressive or disseminated infection will be reduced. 
Effectiveness of BCG varies considerably in different countries – in Europe, there is a good 
response, while in India, it is marginal. This is thought to be due to a typical mycobacteria 
circulating in the environment and, therefore, BCG should be given at birth in developing 
countries or as soon after as possible. School entry or 10–14 years is the main age for giving BCG 
in developed countries, while it is likely that some developed countries will move to a selective 
vaccination policy giving BCG only to high-risk groups, such as immigrants. BCG should be 
administered to all infants, including those born to mothers with HIV infection. It should not, 
however, be given to those with symptomatic HIV or pregnant women. 
BCG is a freeze-dried vaccine given intra-dermally. Other methods, such as multiple puncture, jet 
injection or scarification, have been found to be not so satisfactory. The vaccine is sensitive to heat 
and light and, therefore, must be carefully protected. 
Sputum smear examination is a very simple technique for screening populations, especially where 
there has recently been a case of tuberculosis. All contacts of a case should have several sputum 
smears taken, concentrating on the young and elderly. If a contact has not been vaccinated, then 
they should be given BCG. Close contacts under 6 years of age and HIV-positive persons should 
be given prophylaxis, unless they are suspected of having disease in which case they should be 
given treatment. 



7 
 

Tuberculosis is particularly a disease of poor social conditions and overcrowding as shown by the 
remarkable decline of the infection from industrialized countries prior to the advent of 
chemotherapy. The disease was as bad, if not worse in Europe, at the turn of the century than in 
many developing countries now, but showed a progressive and continuous reduction of cases as 
living conditions improved. As standards increased, there was a demand for improved housing 
with less people sharing the same room so that overcrowding declined. Personal hygiene improved 
and such practices as spitting disappeared almost completely 
Treatment and prophylaxis The functions of chemotherapy can be summarized as follows: 

 treatment of individual cases to reduce morbidity and mortality; 
 reduce the number and period of infectious cases; 
 provide a method of disease reduction in developing countries where the raising of social 

standards would take some time to achieve; 
 prevent the emergence of resistant strains. 

All treatment should be directly observed therapy (DOT) to ensure compliance. A newly diagnosed 
case of tuberculosis should be treated with a four-drug regimen for 2 months consisting of the 
following: 
 
 

 
The decline of tuberculosis in England and Wales 1912–1975. 

 
This is followed by isoniazid and rifampicin taken daily or three times weekly, for a further 4 
months. If the taking of treatment cannot be directly observed, then isoniazid plus ethambutol 
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taken daily should be used instead and given for a period of 6 months. Treatment should continue 
for 9–12 months in those cases of miliary, tuberculosis meningitis or bone/joint disease. 
Prophylaxis with isoniazid can be given to close contacts under 35 years of age and to babies (5 
mg/kg) born to mothers, who develop tuberculosis shortly before or after delivery. 
Surveillance  
A system to follow-up all diagnosed cases of tuberculosis discharged from hospital or health centre 
is required on the following lines: 
1. Register the case with a central registry on diagnosis. 
2. When the patient is discharged, inform the registry, the nearest clinic to the person’s home and 
the supervising doctor. 
3. The clinic ensures the patient receives regular follow-up treatment or goes and finds them if they 
default. 
4. The supervising doctor visits on a regular basis to check the clinical records and make sure that 
the registered patients are receiving treatment. 
5. When the full course of treatment is completed and the doctor is satisfied that the patient is 
cured, the Central Registry is notified. 
Reminders and double checks can be built into the system, such as the central registry sending out 
quarterly checks on each patient. The sophistication of the system depends upon the resources of 
the country, but lack of resources is never an excuse not to have a system at all. To not follow-up a 
partially treated patient is a waste of expensive hospital treatment, encourages the development of 
resistant organisms and increases the risk to the community. Follow-up is always cheaper than re-
diagnosis and treatment. 
Evaluation of the tuberculosis control programmes is primarily by cohort analysis in which the 
proportion of new smear-positive cases that are cured or are certified to have completed the 
treatment, but no smear done, is measured. The WHO target is 85%. 
Other useful indicators are: 

 annual rate of new tuberculosis cases diagnosed; 
 rate of sputum-positive cases diagnosed; 
  proportion of children under 5 years of age diagnosed; 
 proportion of miliary and meningeal tuberculosis; 
 rate of sputum smears examined; 
 rate of BCG scars, on survey; 
 relapse rate; 
 rate lost to follow-up. 

A decrease in the proportion of children under 5 years of age diagnosed and those with miliary 
and meningeal tuberculosis will indicate improvement. However, this will need to be confirmed by 
a sputum smear survey. Nursing staff should be taught to always give the BCG vaccination in the 
same place, normally the deltoid area or lateral forearm below the elbow of the left arm, so that 
touring staff, school teachers, etc. can rapidly examine a group of children. 
The WHO DOT’s strategy is summarized as: 

 political commitment; 
 secure drug supply; 
 diagnosis by smear microscopy of passive case-finding; 
 treatment with rifampicin containing DOT for 6–8 months; 
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 cohort analysis. 
Acute Respiratory Infections (ARI) 
The acute respiratory infections (ARI) are the commonest causes of ill health in the world. WHO 
have estimated that there are 14–15 million deaths a year in children under 5 years of age and one-
third of these are due to ARI, yet despite their importance, they are a poorly defined group of 
diseases. 
They include the common cold, influenza, pneumonia, bronchitis and a number of other 
infections. They can be separated by clinical criteria, but it is the differing response of the 
individual to the organism that determines the clinical severity and management. A mild infection 
from an upper respiratory tract infection in one person may develop in another to a lifethreatening 
attack of pneumonia. It is, therefore, not only the organism that determines the disease, but also 
the patient’s response to the organism. 
Organisms A number of different organisms have been implicated including Streptococcus 
pneumoniae, Haemophilus influenzae, Mycoplasma pneumoniae, influenza, rhinoviruses, 
adenoviruses, metapneumo virus and respiratory syncytial virus (RSV). 
Viruses are of a wide range, with each species having a number of serotypes, with new ones 
appearing from time to time. However, the most important cause is S. pneumoniae or the 
pneumococcus or H. influenzae. The host defends him or herself by producing an appropriate 
immune response, but because of the large number of serotypes, it is a continuous process. 
Infection will cause illness in some people, but not in others who have developed an immune 
response to the specific organism or an antigenically similar serotype. New antigenic mutations, as 
occur in influenza, can cause epidemic or pandemic spread because no prior contact with the new 
variant has been made. 
Clinical features ARIs are divided into upper and lower ARIs, the former producing a running 
nose, sneezing and headache, while the main symptoms of lower respiratory tract infection are 
cough, shortness of breath and inward drawing of the bony structure of the lower chest wall during 
inspiration, which is called chest in drawing. Both are generally accompanied by fever. The main 
pathological feature is pneumonia, which can either be lobar or bronchial. In lobar pneumonia, 
one or more well-defined lobes of the lung are involved, whereas in bronchial pneumonia the 
condition is widespread. 
 
Diagnosis Identifying the organism by culture of the sputum can be attempted where facilities 
permit, but in most developing countries, ARI will be diagnosed on clinical criteria. 
Transmission is by coughing out a large number of organisms in a fine aerosol of droplets, which 
are either breathed in, enter via the conjunctiva or are swallowed from fingers or utensils. 
Susceptibility and response are determined by host factors, some of which are listed below: 
1. Age. Young children develop obstructive diseases, such as croup (laryngo-tracheobronchitis) and 
bronchiolitis. Tonsillitis is commonest in school age, whereas influenza and pneumonia are 
important causes of death in the elderly. In young children, mortality is inversely related to age. 
2. Portal of entry. Volunteers have been more easily infected by some organisms applied to the 
conjunctiva than through the nasopharynx. 
3. Nutrition. Low birth weight and malnourished children have a higher morbidity and mortality. 
Certain nutritional deficiencies, such as deficiencies of vitamin A and zinc, contribute to the 
development of a more severe disease and higher death rate. 
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Breast-feeding appears to have a protective effect. 
4. Socio-economic. ARI is a disease of poverty with higher incidence in lower socioeconomic 
groups and those that live in urban slums. Higher rates of lower respiratory disease have been 
found with increasing family size. Much of the reason for this increase appears to be due to 
increased contact and agglomeration as shown by children attending day care facilities or school 
where infection occurs irrespective of social class. 
5. Air pollution. A correlation with domestic air pollution has been shown in South Africa and 
Nepal. Passive smoking may affect pulmonary function and make the child more susceptible to 
infection as well as influence the child to become a smoker. 
6. Climate. More respiratory infections are found in the cooler parts of the world or in the higher 
altitude regions of the tropics. 
There is a distinct seasonal effect in many countries, with more respiratory infections in the winter. 
However, cold alone is not a causative factor. ‘Cold’ derives its name from the belief that 
becoming chilled or standing in a draught is responsible, but when volunteers are subjected to 
these stresses and inoculated with rhinoviruses, they develop no more ‘colds’ than controls. 
7. Other infections. Any infection, which causes damage to the respiratory mucosa, will allow a 
mild infecting organism to progress to more serious consequences. The most important of these 
diseases is measles, with post-measles pneumonia being particularly common. 
Incubation period This varies with the organism, but in most cases is 1–3 days. 
Period of communicability Variable; for the entire period of any respiratory symptoms. 
Occurrence and distribution Worldwide, the most important cause of death in children in 
developing countries. 
Treatment The first line of action is to assess the severity of illness and give treatment. 
This is supportive therapy for mild infections 


