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General introduction 

 



Chapter 1 
 

 
Tuberculosis (TB) is a major public health problem. In 2004 there were 8.9 million 
new TB cases (140/100,000 population) worldwide. An estimated 1.7 million 
people (27/100,000) died from TB in 2004. More than 80% of all TB patients live in 
sub-Saharan Africa and Asia (1). Africa as a continent has the highest estimated TB 
incidence in the world and the number of TB cases is still growing. The most 
important reason for this increasing TB epidemic in Africa is the increasing 
prevalence of Human Immunodeficiency Virus (HIV) infection. About 24.5 million 
(63.5%) of the estimated 38.6 million people living with HIV and Acquired 
Immune Deficiency Syndrome (AIDS) live in sub-Saharan Africa (2). 
Approximately 31% of the TB cases in the World Health Organization (WHO) 
African Region were attributable to HIV (3).  
 
 
Tuberculosis infection and disease 
 
TB is transmitted when a person with infectious TB, usually active smear-positive 
pulmonary TB talks, coughs or sneezes, releasing droplets containing 
Mycobacterium tuberculosis into the air. A susceptible individual can become 
infected with M. tuberculosis when breathing in these droplets. The duration of 
exposure and the number of infectious droplets per volume of air determine the 
probability of a person becoming infected. People infected with M. tuberculosis will 
not necessarily develop clinical TB disease. Approximately 5% will develop clinical 
TB within two years after infection, and another 5% develops a reactivation after a 
latent period which may last for decades (4-6). In the absence of HIV, the 
remaining 90% of infected individuals will never develop clinical TB. Susceptibility 
to M. tuberculosis infection and clinical TB is determined by a combination of 
genetic, environmental and host related factors (7-10). Furthermore, factors 
associated with the bacteria, such as strain virulence may play a role. 
 
Studies describing differences in disease susceptibility between population groups 
and studies showing significantly higher concordance of TB among monozygotic 
twins than dizygotic twins suggested genetically determined susceptibility to 
clinical TB (11-15). Recently it became possible to do genome wide scans and more 
information became available on which genes and polymorphisms are involved in 
the protection against clinical TB. Population-based studies have shown an 
association between TB and some HLA alleles, as well as polymorphisms in 
SLC11A1 (formally known NRAMP1), the vitamin D receptor, and IL-1 receptors 
(8-10, 16-22). However, the design of these studies did not allow a distinction to be 
made between susceptibility to infection and susceptibility to progression from 
infection to clinical TB.  
 
The most important host related risk factor for progression from infection to 
clinical TB, is HIV. As a result of their immunosuppressed state, HIV infected 
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individuals who were previously infected or recently exposed to M. tuberculosis 
more often develop clinical TB than their non-HIV-infected counterparts. It is 
estimated that once infected with M. tuberculosis, HIV-infected people have an 8 to 
10% annual risk of developing clinical TB (23). Other host related risk factors for 
disease given infection are male sex, age (adolescents and young adults), alcohol 
use, malnutrition and certain medical conditions such as silicosis, cancer, and 
diabetes (24-29). Smoking is another well described risk factor for clinical TB as 
well as death from TB (30-33). Smoking may also increase the risk of M. tuberculosis 
infection as has been shown in a number of studies among high risk groups (34-37). 
Only four studies investigated the association between passive smoking and 
clinical TB (30, 38-40). These four studies were included in a recent meta-analysis 
that showed that the risk of clinical TB among children exposed to passive 
smoking was significantly higher than it was among adults (33). Only one study -in 
children who were household contacts of TB patients- studied the association 
between passive smoking and M. tuberculosis infection and this study found a 
significant association (41).  
 
 
TB control and surveillance data 
 
The principle of TB control is to interrupt the chain of transmission through 
reducing the sources of infection by early detection and treatment of infectious 
patients (42). The WHO Stop-TB strategy captures this principle (43). To have an 
impact on the epidemic, a good TB program aims to achieve a case detection rate 
(CDR) of at least 70% of the new smear-positive TB cases and to successfully treat 
(or cure) at least 85% of these cases. Reaching these targets should have a 
significant effect on tuberculosis transmission and the TB incidence should 
decrease (44, 45).  
 
To be able to control TB, National TB Programs (NTPs) need epidemiological 
information about the size of the TB problem and the progression towards the 70% 
case detection and 85% cure rate targets (46). The size of the TB problem can be 
estimated using routinely collected surveillance data on notifications, tuberculin 
surveys or TB prevalence surveys (47, 48). The advantage of routinely collected 
surveillance data is that these data are collected in a systematic way and the 
recorded and reported cases give a fairly good indication of the incidence of 
tuberculosis. However, an important proportion of the incident cases may not be 
diagnosed and the true incidence and case detection rates could therefore be 
underestimated. Additional epidemiological information on the size of the TB 
problem and its trend is thus required.  
 
 

 
 



Chapter 1 
 

 
Tuberculin surveys 
 
Tuberculin surveys are performed because they measure the prevalence of M. 
tuberculosis infection and they provide information about the annual risk of 
tuberculosis infection (ARTI) (49). Although the trend in the ARTI is the most 
important indicator for the trend of the TB problem, its measurement is facing 
major difficulties due to cross-reactions caused by Bacillus Calmette-Guérin (BCG) 
vaccination and environmental mycobacteria. Another limitation is that tuberculin 
surveys are usually done in school children, who may not be representative for the 
total population. For the calculation of the ARTI it is assumed that the risk of 
acquiring M. tuberculosis infection is the same for all ages which is probably not 
true. Furthermore, the tuberculin skin test (TST) does not differentiate between old 
and recent infections. The ARTI is often used to calculate the incidence of TB. 
Under the assumption that incidence is half the prevalence it was estimated that 
approximately 50 new smear-positive TB cases (per 100,000) account for 1% ARTI 
(50, 51). However, this relationship was assessed before directly observed 
treatment shortcourse (DOTS) was introduced and HIV infection was prevalent 
and may therefore no longer apply (52-54).  
 
 
Tuberculosis prevalence surveys  
 
Prevalence surveys of TB are currently the most direct epidemiological tool to 
measure the burden of tuberculosis. A TB prevalence survey aims to obtain an 
accurate estimate of the TB prevalence in a country or specific area. To obtain this 
estimate a pre-determined sample of the population of the country or research area 
undergoes diagnostic testing for tuberculosis. Culture of M. tuberculosis (usually 
from sputum) provides the gold standard for the definitive diagnosis of TB. The 
most often used culture medium is Löwestein-Jensen (LJ). The conventional 
microbiological method for the diagnosis of infective TB is the detection of 
mycobacteria by microscopic examination of a stained sputum smear. In most 
instances staining is done with the Ziehl Neelsen (ZN) method, while in others the 
auramine staining method is used for fluorescence microscopy (FM). Although ZN 
microscopy is cheap and simple, it requires a lot of time; on average a laboratory 
technician can only examine 30 sputum smears or less per day. To limit the 
workload of sputum examination by the laboratory, the survey population is often 
screened. Screening identifies the individuals with the highest risk of having 
bacteriological positive pulmonary TB (suspects). It also shows which individuals 
to exclude from further testing because they have an extremely low risk of having 
bacteriological positive pulmonary TB. Sputum samples will then only be collected 
from those with a relatively high risk. There are three screening methods that are 
often used: identification of suspects based on the presence of symptoms (55-57); 
based on the presence of abnormalities on the chest radiograph (CXR) (58, 59); or 
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based on a combination of the two screening methods (60-63). The main 
requirement of a screening test for TB is a high sensitivity, as the great majority of 
the TB patients in the population should be detected in the screening step. A 
sufficiently high specificity is also important since otherwise the workload for the 
laboratory will be too high.  
 
 
The study site: Cape Town, South Africa 
 
South Africa has a total surface area of more than 1.2 million km2 and a population 
of more than 47 million (Table 1). There are nine provinces (Figure 1) and 11 
national languages. There are approximately 15.3 million children (32%) aged 0-14 
years and approximately 3.7 million people (7.7%) older than 60 years in the 
population (64). The life expectancy is low (Table 1). This is mainly due to the effect 
of HIV and AIDS which affects mainly those aged 15-49. South Africa’s AIDS 
epidemic is one of the worst in the world and shows no evidence of a decline. The 
prevalence of HIV for the total population in South Africa was estimated to be 11% 
in 2006 (65) and 18.8% for adults in 2005 (2). An estimated 5.5 million people were 
living with HIV in 2005.  
 
 
Table 1   General statistics and health indicators in South Africa in 2003 (65, 66) 
Total population 47.4 million 
Birth rate (births per 1000 population) 18.5 
Death rate (deaths per 1000 population) 21.3 
Maternal mortality rate (per 100,000 live births) 150 
Under-5 mortality rate (in 2006, per 1000 live births) 75 
Infant mortality rate (per 1000 live births) 61.8 
Fertility rate 2.7 
Life expectancy at birth m/f (years) 49 / 53 

 
 
In 2004 South Africa was fifth on the list of 22 High Burden Countries (HBC) who 
together account for approximately 80% of the estimated number of new TB cases 
(all forms) arising worldwide each year (1). The NTP introduced the WHO DOTS 
strategy in 1997 and this was updated to the new WHO Stop-TB strategy in 2006. 
In South Africa the standard regimen for new patients consists of two months 
intensive treatment with a fixed drug combination (FDC) containing four 
medications: Isoniazid (H), Rifampicin (R), Pyrazinamide (P), and Ethambutol (E), 
followed by a four month continuation phase with Isoniazid and Rifampicin (FDC). 
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Figure 1   Provinces and major cities in South Africa* 

* Lesotho is not a province but a country within the borders of South Africa 
 
 
Previously treated patients receive these drugs with Streptomycin added (S) 
during the intensive phase. Despite the introduction of DOTS and the TB control 
efforts the TB epidemic is not controlled. The incidence rate of all forms of 
tuberculosis was estimated to be 718 per 100,000 population in 2004 (Table 2). The 
TB problem in South Africa is driven by the HIV epidemic, and 60% of incident TB 
patients are estimated to be co-infected with HIV. Multi-drug resistant TB (MDR-
TB) is an increasing problem and recent outbreaks of extensive drug resistant TB 
(XDR-TB) have been reported (67-70).  
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Table 2   Tuberculosis indicators in South Africa in 2004 (1) 
Incidence rate all forms of tuberculosis (per 100,000 population) 718 
Incidence rate smear-positive tuberculosis (per 100,000 population) 293 
Prevalence rate all forms of tuberculosis (per 100,000 population) 670 
Mortality rate all forms of tuberculosis (per 100,000 population) 135 
HIV prevalence in incident tuberculosis cases  60% 
Multi-drug resistance among new TB cases  1.8% 
Multi-drug resistance among previously treated TB cases  6.7% 
Population covered by DOTS  93% 
Case detection rate of new smear-positive TB cases  85% 
Successfull treatment of 2003 cohort 67% 

 
 
The studies reported in this thesis were performed in two communities in Cape 
Town: Ravensmead and Uitsig. The rate of registered new smear-positive cases has 
been increasing from 228 per 100,000 in 1994 to 299 per 100,000 in 1998 and 341 per 
100,000 in 2002. The notification rate for all TB was 841 per 100,000 in 2002 (71, 72). 
The study area is unique in South Africa because it used to have a relatively low 
prevalence of HIV. Observational studies on TB have been done in this area since 
1992. The first studies mainly focused on childhood TB and showed that there was 
a high prevalence of tuberculosis in children and that these children often 
presented late to the health services (73-76). A number of important clinical studies 
from this research group have contributed to the improved diagnosis of childhood 
tuberculosis (77-79). Recent studies that were partly done in Ravensmead and 
Uitsig described BCG induced TB disease in HIV positive children (80) and the 
possible protective effect of M. tuberculosis infection against allergies (81). A 
Geographical Information System (GIS) was used to show that within this high 
burden community there are certain areas were more cases of TB occurred (82). 
Since 1993, more than 3000 sputum samples from almost 1400 tuberculosis patients 
in Ravensmead and Uitsig have been strain-typed using a DNA restriction 
fragment length polymorphism (RFLP) method and the IS6110 probe. These 
studies have given insight in the TB epidemic in this area and demonstrated that 
there is a high strain diversity (83-86), that most of the transmission takes place 
outside the household (87-89), and that the majority of TB cases in the area are 
attributed to ongoing community transmission rather than due to reactivation (90). 
Another important finding was that for most patients who needed treatment after 
previous successful or curative treatment, the second episode was due to re-
infection and not reactivation TB (91, 92). Recently, a study showed that the 
prevalence and transmission of drug-resistant TB among children is increasing (93). 
All these studies indicate that TB is highly prevalent and that there is a high 
transmission of M. tuberculosis in this area. However, a reliable estimate of the size 
of the tuberculosis epidemic was not available. We did a TB prevalence survey in 
2002 and a tuberculin survey in 1998 and 2005 to get insight in the size of the TB 
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epidemic in the study area. Furthermore, we aimed to find factors that explain the 
epidemic in this area so that we can develop specific interventions which will assist 
with control efforts in the future.   
 
 
Outline of the thesis  
 
In Chapter 2 we describe the prevalence rate of smear- and culture-positive TB. We 
also estimate the proportion of people living in the study area who ever had TB in 
the past and the proportion of previously treated cases among prevalent cases. 
Prevalence surveys make use of a number of different screening strategies to select 
TB suspects that will undergo final diagnostic testing for TB. In Chapter 3 we 
determined the sensitivity and the specificity of symptom and CXR screening to 
detect smear- and culture-positive tuberculosis patients. For many years CXR has 
been the most important screening method for TB in prevalence surveys, even 
though it is a subjective method that is dependent on the interpretation of the 
reader. In Chapter 4 we evaluated the inter- and intra-reader agreement of CXR 
reading using a newly developed classification method. We hypothesized that the 
new reading form, that requires description of abnormalities rather than 
interpretation, would lead to a better agreement among readers. Chapter 5 reports 
on the results of two tuberculin surveys that were done among primary school 
children in the study area. We aimed to explain the changes in ARTI in the two 
communities by comparing them with TB notification rates and treatment 
outcomes reported in the two health clinics in these areas. In Chapter 6 we 
addressed the question whether active case finding leads to earlier detection and 
treatment of TB patients. We compared symptoms and treatment outcomes of 
patients detected actively in the tuberculosis prevalence survey and passively in 
the NTP to determine whether active case detection would be a valuable addition 
to passive case detection in this high burden community.  
 
Smoking is a well known risk factor for tuberculosis disease and death from TB, 
but few studies have investigated the association between smoking and M. 
tuberculosis infection. In Chapter 7 we determine whether such an association exists 
in the adult population of this high burden community where a large proportion of 
the people are smokers. Chapter 8 describes the association between M. tuberculosis 
infection and passive smoking in children.  
 
In Chapter 9 we study the familial aggregation of tuberculin reactivity in siblings 
in order to show genetic variability in the immune response against TB. Chapter 10 
gives an overall discussion of the studies, followed by the English and Dutch 
summaries of the thesis.  
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Summary 
 
The tuberculosis (TB) notification rate is high and increasing in two communities 
in Cape Town, South Africa. In 2002 we performed a prevalence survey among 
adults (>=15) to determine the TB prevalence rate, randomly sampling fifteen 
percent of the households. All individuals living in the households were eligible 
for chest radiography and sputum examination. 3,483 adults completed a 
questionnaire and 2,608 underwent chest radiography and sputum examination. 
We detected 26 bacteriologically-confirmed TB cases, yielding a prevalence of 10.0 
per 1,000 (95% CI: 6.2 to 13.8 per 1,000). We found 18 smear-positive TB cases of 
whom 8 were new cases (3.1 per 1,000; 95% CI: 0.9 to 5.1 per 1,000). More than half 
of smear-positive cases (10, 56%) had previously been treated. Previously treated 
smear-positive TB cases may contribute significantly to the transmission of 
Mycobacterium tuberculosis and the high TB prevalence rate. Successful treatment of 
TB cases must be a priority.  
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Introduction  
 
South Africa had an estimated incidence of 218 new smear-positive tuberculosis 
(TB) cases per 100,000 in 2003. The country ranked eighth in the world for total 
number of TB cases per country and tenth for incidence rates per population (1). 
The Western Cape Province had the highest notification rate of the provinces in the 
country (2). In Cape Town –the largest city in the Western Cape Province- the 
notification rate for new smear-positive TB was 266 per 100,000 in 2002 (3). In 
Ravensmead and Uitsig, two neighboring urban communities in Cape Town, the 
rate of registered new smear-positive TB cases has been increasing from 228 per 
100,000 in 1994 to 299 per 100,000 in 1998 and 341 per 100,000 in 2002 (4,5).  
 
Although this increase may be due to improved case detection it may alternatively 
reflect a true increase in incidence. At present there is no reliable estimate of the TB 
situation. Furthermore, there is no data available for the following factors which 
may all contribute towards transmission of tuberculosis: 1) The number of 
undetected cases in the community, 2) care seeking behavior and diagnostic delay, 
3) the number of people who have had tuberculosis in the past. We suspect that 
this population contains a substantial number of TB cases who have previously 
had tuberculosis and that this group contributes to the transmission of tuberculosis 
and the persistence of high tuberculosis notification rates.  
 
The aim of this tuberculosis prevalence survey was to obtain a reliable estimate of 
the TB situation, to determine the number of undetected cases in the community, 
the number of people who have previously had tuberculosis, and the proportion of 
previously treated cases among the undetected tuberculosis patients. The results of 
this study will be used to plan interventions in order to control the TB epidemic in 
these two communities in Cape Town.  
 
 
Methods 
 
Study area  
We carried out the TB prevalence survey in the communities Ravensmead and 
Uitsig. The study area has a total surface area of 3.5 km2. In 2001 the population of 
the study area comprised 36,334 inhabitants (5). Two primary health care clinics 
and an adjacent tertiary care hospital serve the area. The WHO DOTS strategy was 
introduced in these two communities in 1997.  
 
Study design  
The TB prevalence survey was part of a larger community survey: the Lung Health 
Survey. Besides the prevalence of tuberculosis, the Lung Health Survey aimed to 
determine the burden of lung diseases including asthma and chronic obstructive 
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pulmonary disease (COPD). The current report only deals with tuberculosis. 
Information on other lung diseases will be reported elsewhere.  
 
The study consists of two neighbourhoods that have a very similar socio-economic 
status. We therefore decided to select a simple random sample of all the addresses 
in the study area. We defined address as the residential geographical location. This 
could be either a physical street address (name and number) or the name and 
number of a flat. A randomised 15% sample was taken from all the residential 
addresses. A total of 5592 addresses were situated in the study area of which 839 
households were selected for participation in the survey.  
 
Survey procedures 
The Lung Health Survey was conducted between 1 July and 15 December 2002. 
Trained community workers enumerated the people in each selected address. All 
individuals at the selected addresses (including the main house and all the 
backyard shacks) were eligible for investigation. If the head of the household did 
not give consent for the household to be enrolled in the survey, it was replaced 
with a household on an adjacent address, first to the right and then to the left. We 
informed all individuals living at the address of the purpose of the survey and 
obtained written informed consent from each participant before enrollment. The 
Lung Health Survey included both adults and children but we report here only on 
adults aged 15 years and older. 
 
All adults completed a questionnaire containing questions on demography and 
earlier TB treatment. A trained field worker supervised participants as they 
completed the questionnaire. For previously treated TB cases, we obtained 
information on patient category and treatment outcome of the previous disease 
episode(s) from the health care centre.  
 
We transported the participants to a nearby facility and performed chest 
radiographs (a 35 by 43 cm postero-anterior view) using a 200 MA chest 
radiography machine. Within one week, a pulmonologist screened the chest 
radiographs (CXRs) for abnormalities. Individuals with abnormalities that 
required immediate investigation or treatment were referred to a local hospital. An 
accredited reader assessed all CXRs when the survey was finished using a 
standardized classification system that was especially developed for 
epidemiological surveys (6). Abnormalities were classified as being either 
consistent with TB or not related to TB. Types of abnormalities considered 
consistent with TB included parenchymal abnormalities, pleural abnormalities and 
central structure abnormalities. A second experienced reader re-read a stratified 
sample of 31% of the CXRs. The kappa agreement between the two readers was 
0.69 (95% CI: 0.64 – 0.74) for abnormalities consistent with TB and 0.47 (95% CI: 
0.42 – 0.53) for the question whether the CXR was normal (6). Based on these kappa 
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results we decided that the agreement was such that re-reading of the total sample 
by a second reader was not necessary.  
 
 We requested each participant to produce a sputum specimen, using the active 
cycle of breathing technique (7), at the health centre where the CXR was taken. The 
participant deposited the specimen in a wide-mouthed plastic container with a 
secure screw-top lid which was then transported to the laboratory where it was 
processed within three days. We obtained a second specimen on individuals 
producing at least one positive smear and/or a positive culture before they were 
referred for management and treatment at a nearby clinic.  
 
Laboratory procedures  
One smear and one culture were prepared from each sputum specimen. Smears 
were stained with the Ziehl Nielsen (ZN) technique using carbol fuchsin for 
microscopy staining, and methylene blue. The smears were scored by one reader 
according to the guidelines of the International Union Against Tuberculosis and 
Lung Disease. (8) We considered a smear positive if the report was of one or more 
acid-fast bacilli (AFBs) per 100 immersion fields. This provision included scanty 
smears since these are considered indicative of true positivity (9). Sputum samples 
were liquefied and decontaminated with 4% NaOH using standard procedures 
(10). The samples were then centrifuged at 3000 x G for 15 minutes. The 
concentrated decontaminated sputum sediment was re-suspended in 2 ml of 
phosphate buffer (68mM, pH 6.8), and inoculated onto Löwenstein-Jensen (LJ) 
slants. LJ slants were incubated at 37ºC for six weeks.   
 
Definitions, data processing, and analysis 
A bacteriologically-confirmed case of TB was defined as a person with either two 
positive smears or two positive cultures, or a positive smear and a positive culture. 
We considered participants with a single positive smear or a single positive culture 
to have bacteriologically-confirmed TB if they had TB-related abnormalities on the 
CXR or if they had a positive sputum smear or culture from specimens collected at 
the health centre within two months after the sputum collection in the prevalence 
survey. 
 
We entered all data twice in a Microsoft Access database. We checked all 
inconsistencies between the two entries against the original data and corrected the 
errors. We carried out statistical analysis with SPSS 12.0.1 for Windows and 
STATA 8.0 for Windows (11). We calculated the prevalence of TB by dividing the 
number of TB cases by the number of participants who attempted to produce a 
sputum specimen. We considered those who were unable to produce a sputum 
specimen as smear- and culture-negative. We present crude prevalence rates as 
well as prevalence rates adjusted for the cluster sampling design. Households 
served as the primary sampling units and variation at this level was taken into 
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account. We calculated prevalence after applying a correction factor for 100% 
collection coverage. Results were weighted to adjust for unequal coverage in the 
different sex and age groups (15 to 34, and 35 and older). We applied separate 
weighting to participants in the original sample, and those in the replacement 
sample. We calculated the sampling weight as the product of (1/selection 
probability of a household) and (1/the participation rate). The selection probability 
of a household was 0.15 as we randomly sampled 15% of the households. The 
participation rate varied in the different age, sex and sampling groups. For 
example: 68% of 15-34 year old females that were in the original sample had CXR 
examination done. The sampling weight was thus (1/0.15) * (1/0.68) = 9.8. 
Confidence intervals were calculated using the normal approximation to the 
binomial distribution.  
 
The study protocol was approved by the ethics committees of Stellenbosch 
University and the University of Cape Town.  
 
 
Results  
 
Study population and coverage of measurements 
Initially, the heads of 625 out of 839 (74%) households gave consent for the 
participation of their household in the study. We replaced 212 of 214 households 
that declined participation as described; two households could not be replaced. Of 
214 non-participating households, 81 provided demographic details of people 
living in the household. The occupants of these 81 households were not 
significantly different from the 212 households that were re-sampled to replace the 
non-participating households in respect to sex (OR = 1.00, 95% CI: 0.82 to 1.23) or 
age (student t test: t = 0.33, P = 0.74). Resident within the 837 households that were 
included in the final sample, were 3,971 adults, of whom 3,483 (88%) consented 
and completed a questionnaire (Figure 1). Of these, 2,608 (75%) had a CXR and 
attempted to produce a sputum specimen. People 35 and older more often had a 
CXR (78%) than people younger than 35 (72%) (OR: 1.41, 95% CI 1.21 to 1.65). More 
females (78%) than males (71%) had a CXR (OR: 1.48, 95% CI 1.26 to 1.72). Of those 
who had a CXR 1,170 (45%) were able to produce a sputum specimen. We 
performed sputum smear examination on each of these specimens. Thirteen 
samples were contaminated or were inadequate for culture due to insufficient 
volume. 
 



 

Figure 1   Sample selection of 3483 adults 

Chest radiograph examination and attempt to 
produce sputum specimen:  2608 (75%) 
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Produced sputum specimen: 1170 (45%) 

Consent and No consent:  525 (13%) 

Households replaced: 212 (25%) 
Number of adults:       1049

q

Number of randoml

uestionnaire:  3483 

Total population 2001:               36,334 
Number of adults (=>15 years old):  25,901 
Number of households:             5,592 

Number of selected households:  837 
Number of adults:   3971 

 

(88%) 

 

y sampled households: 839 

Household consent: 625 
Number of adults: 2922 

Households no 
consent: 214 

(15%) 

(26%) 

No chest radiograph 
examination: 875 
(25%) 

No sputum specimen 
produced: 1438 (55%) 
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Prevalence of tuberculosis  
Of 2,608 participants with CXRs, 702 had an abnormality on the CXR (26.9%, 95% 
CI: 25.2 to 28.6%). In 337, these abnormalities were consistent with TB (12.9%, 95% 
CI: 11.6 to 14.2%) (Table 1). The prevalence of TB-related abnormalities on CXR 
increased with age (χ2 for linear trend = 59.1; P< 0.001) and were more often seen 
among males (16%) than among females (11%) (OR: 1.48, 95% CI: 1.16 to 1.89). 
 
Twenty-nine participants had at least one positive smear or positive culture, of 
whom three did not fulfill the criteria for a bacteriolocially-confirmed TB case - two 
had a single scanty smear and one had a single positive culture. The remaining 26 
cases fulfilled the definition of bacteriologically-confirmed TB, giving a prevalence 
of 10.0 per 1,000 (95% CI: 6.2 to 13.8 per 1,000) (Table 1). Of these 26 
bacteriologically-confirmed TB cases, 16 (62%) were new cases (no previous 
treatment) giving a prevalence of new bacteriologically-confirmed TB of 6.1 per 
1,000 (95% CI: 3.1 to 9.1 per 1,000). Ten (56%) of the 18 smear-positive cases had 
been previously treated for TB. The prevalence of previously treated smear-
positive TB was 3.8 per 1,000 (95% CI: 1.5 to 6.2 per 1,000). Only eight (44%) smear-
positive cases were new cases. The prevalence of new smear-positive TB was 3.1 
per 1,000 (95% CI: 0.9 to 5.1 per 1,000). Correction for the cluster sampling design 
and adjustment for non-coverage had little influence on the prevalence estimates 
(Table 1). Three of the 26 bacteriologically-confirmed TB cases were on anti-
tuberculosis therapy at the time of the survey. Nineteen of the remaining 23 
detected cases started treatment within six months after they were detected in the 
survey. Of those, twelve were cured, one completed treatment without confirmed 
smear conversion, two interrupted treatment, one died and for three the outcome 
was unknown. 
 
History of tuberculosis 
The ten bacteriologically-confirmed TB cases who had previously received 
treatment for TB were all smear-positive. Four of the ten previously treated cases 
had been considered cured during their previous disease episode(s) and three had 
interrupted treatment prior to completion. For three previously treated smear-
positive cases no information was available the outcome of their previous episode 
of disease (Table 2). Four cases had been treated for TB on more than one occasion 
before being detected in the survey. Three previously treated cases lived in the 
same household. The bacteria isolated from one out of seven previously treated TB 
cases who underwent drug sensitivity testing were resistant to isoniazid (Table 2). 
 
A history of tuberculosis was reported by 338 of 3,483 adults (9.7%, 95% CI: 8.7 to 
10.7%) (Table 1). The prevalence of bacteriologically-confirmed TB among those 
who were previously treated for TB was 29.9 per 1,000 (95% CI: 11.4 to 47.7 per 
1,000) compared to 5.1 per 1,000 (95% CI: 2.6 to 7.6 per 1,000) for people who never 
had TB (OR: 5.96, 95% CI: 2.68 to 13.25). Participants reporting a history of TB were 
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significantly older (average: 41 yrs) than participants who had never had TB 
(average: 38 yrs) (student t test: t = 2.59; P = 0.01) and males predominated (12% 
versus 8% in females) (OR: 1.60, 95% CI: 1.27 to 2.01).  
 
 
Table 2   Treatment history of ten previously treated smear-positive tuberculosis  
     cases 
Case 
Number Patient category 

Previous 
episodes Outcome 

Drug resistance 

1  New 1985 Cured Not tested 
  Re-tr. after cure  1987 Cured Not tested 
  Re-tr. after cure  1994 Cured Sensitive 
  Re-tr. after cure 2000 Cured Sensitive 
  Re-tr. after cure 2002 Cured Sensitive 
2 New 1996 Cured Sensitive (2002) 
3 New 1999 Cured Sensitive (2002) 
4  New 2001 Cured Sensitive (2002) 
5  New 1995 Interrupted Not tested 
6  Re-treatment 1995 Interrupted Sensitive 
 Re-tr. after inter. 1998 Failed Sensitive 
7 Re-treatment 1997 Interrupted INH resistant (2002) 
8  Re-treatment 1997 Unknown Not tested 
9 Unknown Unknown Unknown Not tested  
10  Unknown Unknown  Unknown Sensitive (2002) 

Re-tr. = Re-treatment; inter = interruption; INH = isoniazid 
 
 
Discussion 
 
The prevalence of bacteriologically-confirmed TB was very high and the 
proportion of detected cases that had at least one previous episode of TB was 
substantial. These data support the hypothesis that previously treated cases form a 
large proportion of the prevalent TB cases in this community. Previously treated 
TB cases are therefore likely to contribute significantly to the transmission of 
Mycobacterium tuberculosis and they may be an important group in maintaining the 
high rates of tuberculosis.  
 
Low treatment success rates may partly explain the high proportion of previously 
treated cases. In 2001 the treatment success rate for new smear-positive cases was 
78% and in 2002 it was 80% (4). These treatment success rates are lower than the 
85% recommended by the WHO (1). Not curing patients may lead to reactivation 
of TB. It can also create chronic TB cases that excrete tuberculosis bacilli over an 
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extended period of time. However, recent studies using DNA fingerprinting 
demonstrated that a high proportion of recurrent TB in our study area is due to 
exogenous re-infection rather than reactivation (12, 13). Approximately 10% of the 
survey population had TB previously, as was shown both by the question if people 
ever had TB before and by the presence of TB related abnormalities on CXR. 
Previously treated people had a much higher prevalence rate of TB than people 
who never had TB. Achieving high cure rates and preventing TB patients from 
(re)infecting other people must therefore be considered the highest priority. 
 
The high proportion of previously treated cases among the undetected TB cases 
suggests that the case detection for previously treated cases is insufficient. A case 
detection rate of 118% was reported for new smear-positive cases countrywide, (1) 
but no information on previously treated cases has been reported. Further research 
is needed to determine the case detection rate for previously treated patients. 
 
Previously treated TB is associated with multidrug-resistant (MDR) TB and 
possibly also with extensively drug resistant (XDR) TB. A drug-resistant survey 
that was conducted in 1992 /1993 in the Western Cape Province showed a rate of 
8.6% acquired and 3.2% initial drug resistance in Cape Town (14). Recently a study 
among hospitalized children (<13 years) showed an increase in isoniazid resistance 
from 6.9% in 1994-1998 to 12.8% in 2003-2005 (15, 16). Although drug resistant TB 
is probably not the driving force behind the high prevalence of TB in these two 
communities, it is likely to become increasingly important. 
 
An increasing prevalence of Human Immunodeficiency Virus (HIV) may be partly 
responsible for the increasing notification rates, however, it is unlikely to explain 
the high prevalence of TB in this study (17). The prevalence of HIV in the study 
area is not known and was not measured in this study. However, it is thought to be 
lower than the 12.4% prevalence rate among women attending public antenatal 
clinics in Cape Town in 2002 (18). It is estimated that about 6% of newly diagnosed 
TB patients in Ravensmead and Uitsig are HIV positive. 
 
The extremely high prevalence rate of tuberculosis in Ravensmead and Uitsig is 
reminiscent of similar observations among Inuit communities of Greenland, 
Canada and the United States. In the Inuit population an average annual incidence 
of active tuberculosis of 1,310 per 100,000 was reported in the period 1967 to 1969 
(19). The highest rates of TB were reported in those who had previously had 
tuberculosis (20) which is also the finding of our study. 
 
A limitation of the study is that the sample size was too small to give precise 
prevalence estimates for bacteriologically-confirmed and new smear-positive TB. 
This has led to wide confidence intervals around the prevalence estimate (95%CI: 1 
to 6 per 1,000 for confirmed new smear-positive TB). Non-coverage had minimal 
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effect on the prevalence estimates. Sampling bias due to re-sampling was kept as 
small as possible by replacing households that declined participation with 
neighboring households that were generally similar to the houses that they 
replaced. For households that declined participation but provided some basic 
information on the household members this was tested and no significant age or 
sex differences were found. However, this could not be tested for the remaining 
households that refused participation. Participants who were unable to produce a 
sputum specimen were considered to be smear and culture-negative. This 
approach may have resulted in our estimates of the prevalence being falsely low, 
as we could have missed some cases. Okutan et al (21) reported positive smears in 
61% and positive cultures in 31% of gastric lavage specimens obtained from TB 
suspects who were unable to produce sputum specimens. However, since the 
participants in the current survey represented the whole population, and not TB 
suspects, it is anticipated that the proportion missed cases was considerably lower. 
The strength of our study was that sputum smear and culture was attempted on all 
participants. This differs from most surveys in which screening of symptoms 
and/or chest radiography are used as the basis for deciding on whom sputum 
should be examined (22-27).   
 
In conclusion, this prevalence survey supports the hypothesis that the prevalence 
of tuberculosis is extremely high in the area studied. It also suggests that 
previously treated smear-positive TB cases contribute significantly to the 
transmission of Mycobacterium tuberculosis because they form more than half of the 
prevalent smear-positive cases. Successful treatment of TB cases must be the 
priority in this TB program.  
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Summary 
   
Setting: A tuberculosis (TB) prevalence survey was performed in 2002 in two urban 
communities in Cape Town, South Africa. The population was 36,334 in 2001, and 
the tuberculosis notification rate was 341 per 100,000 population for new smear-
positive TB in 2002. 
Objective: To evaluate the relative contributions of symptom and chest radiographic 
(CXR) screening in the detection of subjects with smear- and/or culture-positive 
TB in prevalence surveys.  
Design: Information on symptoms, CXR abnormalities, sputum smear and culture 
was gathered from a random cluster sample of 1170 adults (aged >=15 years). 
Smear- and/or culture-positive TB was used as the gold standard.  
Results: Of 1170 adults, 29 had bacteriologically positive TB (smear- and/or 
culture-positive). The presence of any abnormalities on CXR had the highest 
sensitivity for detecting subjects with bacteriologically positive TB (0.97, 95% CI: 
0.90-1.00). Specificity for any abnormalities on CXR was 0.67 (95% CI: 0.64-0.70). 
The specificity of any of five TB-related symptoms was 0.68 (95% CI: 0.65-0.71). 
Individual symptoms had low sensitivities, ranging from 0.10 for fever to 0.54 for 
cough of >=2weeks. 
Conclusion: In this TB prevalence survey, CXR screening, but not symptom 
screening, was a sensitive alternative to sputum examination of all participants.  
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Introduction 
 
The purpose of a tuberculosis (TB) prevalence survey is not only to obtain a 
reliable estimate of the prevalence of TB disease in a community or country as the 
basis for planning by national TB programmes (NTPs),1 but also to compare TB 
amongst different communities within a country,2,3 or to evaluate the outcomes of 
the NTP over time.4-6  
 
Bacteriological confirmation is the gold standard for diagnosing TB. However, it is 
not always feasible to gather sputum specimens from all participants in a 
prevalence survey. Alternative methods have therefore been developed that 
include screening for symptoms2,6,7 or chest radiography (CXR).1,3,4, 8-10 In most 
surveys either one or both 5, 11-13 of these methods are used to select subjects for 
sputum examination. However, with each approach, some TB cases will be missed 
resulting in the prevalence of TB being underestimated. This will vary according to 
the choice of screening method(s) and sequence of their use.  
 
The aim of this study was to determine the sensitivity and specificity of symptom 
and CXR screening for detecting subjects with smear-positive and/or culture-
positive TB in prevalence surveys. We used data from a TB prevalence survey in 
which information on symptoms, CXR, and sputum smear and culture were 
available for all participants. Smear-positive TB alone as well as bacteriologically-
positive TB (smear- and/or culture-positive) was used as the gold standard.  
 
 
Methods 
 
The study area -two urban communities in Cape Town, South Africa- had a 
population of 36,334 in 2001 and most (98%) were of mixed ethnicity (categorized 
as ‘coloured’)14. The TB notification rate was 341 per 100,000 population for new 
smear-positive TB and 612 per 100,000 for bacteriologically confirmed TB in 2002.  
 
This TB prevalence survey formed part of a larger study investigating the burden 
of lung diseases in this community; the Lung Health Survey 2002. The protocol for 
the Lung Health Survey was approved by the ethics committees of Stellenbosch 
University and the University of Cape Town. Permission to perform the study was 
obtained from the City of Cape Town and the Western Cape Provincial 
Department of Health. The health committees of the community were involved in 
the study and informed consent was obtained from all participants. 
 
A cluster sampling design was used to select the survey population. Eight hundred 
and thirty-nine (15%) residential addresses were randomly selected and all 
individuals living on these addresses were eligible for the study. A census of the 
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survey population was carried out by enumerating all people living in the selected 
households. Written informed consent was obtained from the head of each 
household and from all individual participants. If the head of the household did 
not give consent for the household to be enrolled in the survey, it was replaced 
with a household on an adjacent address, first to the right and then to the left. All 
adults (aged >=15 years) completed a pre-coded questionnaire under supervision 
of a trained field worker. The questionnaire contained questions on the presence 
and duration of symptoms of cough, haemoptysis, weight loss, night sweats and 
fever.  
 
Postero-anterior CXRs were performed using 200 mA X-ray machines (Tingle x-ray 
products inc., Vance, AL, USA) and comprised 35 by 43 cm radiographs. Large 
CXRs were used because this technology was available and we could transport 
participants to the CXR facility. An experienced pulmonologist used a 
standardized reporting form to assess all CXRs for abnormalities consistent with 
TB (including parenchymal, pleural and central structure abnormalities) and for 
any other abnormalities. A stratified sample of 31% of the CXRs was re-read by a 
second reader.15  
 
Sputum samples were decontaminated with NaOH within 3 days using standard 
procedures.16 The concentrated decontaminated sputum sediment was re-
suspended in 2 ml of phosphate buffer (68mM, pH 6.8) and inoculated onto 
Löwenstein-Jensen (LJ) slants. LJ slants were incubated at 37ºC for six weeks. 
Ziehl-Nielsen (ZN) smears were prepared from each sample and scored according 
to the guidelines of the International Union Against Tuberculosis and Lung 
Disease (The Union).17 Bacteriologically positive TB was defined as at least one 
positive smear and/or one positive culture. A second sputum specimen was 
requested when the first sample was positive on smear and/or culture.  
 
The demographic, symptom and CXR profile of those who could and those who 
could not produce a sputum specimen were compared using logistic regression. 
Odds ratios (OR) were calculated. Sensitivity and specificity with 95% confidence 
intervals (CIs), adjusted for the clustering at address level, were calculated for the 
following variables: cough for >=2 weeks, haemoptysis, night sweats, weight loss, 
fever, presence of at least one of the preceding five symptoms (any symptom), any 
abnormalities on CXR and TB related abnormalities on CXR. Data were analysed 
using STATA 8.0 for Windows (Stata Corporation, College Station, TX, USA).  
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Results 
 
Of 3483 adults filled in a questionnaire, 2608 (75%) had a CXR and attempted to 
produce a sputum specimen. Of these, 45% (1170 subjects) were able to produce a 
sputum specimen. Those who could produce a sputum specimen were older (Chi-
square for trend 19.79, P <0.001), more likely to be male (OR: 1.89, 95% CI: 1.62-
2.20), to have symptoms (OR for the presence of at least one of five symptoms: 2.18, 
95% CI: 1.82-2.61) and to have TB- related abnormalities on CXR (OR: 2.65, 95% CI: 
2.09-3.37) than those who attempted but who could not produce a sputum 
specimen (Table 1). Bacteriologically positive TB was diagnosed in 29 subjects and 
sputum smear-positive TB alone was diagnosed in 20 subjects. 
 
For bacteriologically positive TB, the sensitivity for any abnormalities on CXR was 
high (0.97, 95% CI: 0.90-1.00), but the specificity for any abnormalities on CXR was 
lower than for symptoms (Table 2). Presence of any of the five symptoms had 
lower sensitivity (0.69, 95% CI: 0.50-0.88) than CXR. Among the different 
symptoms, the sensitivity was highest for cough of ≥2 weeks (0.54, 95% CI: 0.31-
0.76) and specificity was highest for fever (0.96, 95% CI: 0.94-0.97). Three cases had 
no TB-related CXR abnormalities: two had a single scanty positive sputum with 
negative culture and one had a single culture-positive sputum. Screening for 
symptoms did not reveal any extra TB cases in addition to CXR screening for TB-
related abnormalities (Table 3). 
 
The results for smear-positive TB were comparable with those for bacteriologically 
positive TB (Table 4). Any abnormalities on CXR had the highest sensitivity (0.95, 
95% CI: 0.85-1.00) and the presence of any of five TB related symptoms had a lower 
sensitivity (0.75, 95% CI: 0.55-0.95). When screening for any abnormalities on CXR, 
one of the 20 smear-positive TB cases would have been missed. This missed case 
had a single scanty positive smear and was culture-negative. 
 
 
Discussion 
 
This study shows that in TB prevalence surveys CXR screening is a good 
alternative to sputum examination of whole populations. Our results suggest that 
the number of people who would have to undergo sputum examination can be 
greatly reduced if the study population is first screened by CXR. With this 
approach, almost all bacteriologically positive TB cases will be detected. About 3-
5% of smear- and/or culture-positive cases may be missed.  



Chapter 3 
 

 

 42

Table 1   Demographics, symptoms and CXR abnormalities for those who could   
                 and those who attempted but could not produce a sputum sample 
  Total 

 
Produced  
sputum 

With sputum 
(%) 

OR (95% CI)* 

Sex     
   Female 1553 598 39 1 
   Male 1055 572 54 1.89 (1.62 – 2.20) 
Age, years     
   15-24 704 255 36 1 
   25-34 521 252 48 1.65 (1.29 - 2.10) 
   35-44 560 256 46 1.48 (1.19 - 1.85) 
   45-54 356 176 49 1.72 (1.35 - 2.19) 
   55+ 467 231 49 1.72 (1.33 - 2.23) 
Cough >= 2 weeks     
   No 2183 892 41 1 
   Yes 328 209 64 2.54 (1.99 - 3.25) 
   Unknown 97 69 71  
Haemoptysis     
   No 2550 1124 44 1 
   Yes 48 40 83 6.34 (2.92 - 13.76) 
   Unknown 10 6 60  
Night sweats     
   No 2343 988 42 1 
   Yes 258 179 69 3.11 (2.32 - 4.15) 
   Unknown 7 3 43  
Fever     
   No 2509 1112 44 1 
   Yes 83 53 64 2.22 (1.38 - 3.56) 
   Unknown 16 5 31  
Weight loss     
   No 2253 960 43 1 
   Yes 338 204 60 2.05 (1.61 - 2.62) 
   Unknown 17 6 35  
Any symptoms     

1950 780 40 1    No 
   Yes 657 389 59 2.18 (1.82 - 2.61) 
   Unknown 1 1 100  
 Abnormal CXR       
   No 1906 763 40 1 
   Yes 702 407 58 2.07 (1.73 - 2.46) 
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Table 1, Continued 
  Total 

 
Produced  
sputum 

With sputum 
(%) 

OR (95% CI)* 

TB related 
abnormalities     
on CXR     
   No 2271 949 42 1 
   Yes 337 221 66 2.65 (2.09 - 3.37) 
Total   2608 1,170 45 

* Adjusted for clustering on address level. 
CXR = chest radiograph; OR = odds ratio; CI = confidence interval 
 
 
However, the current study suggests that these cases are not likely to be highly 
infectious, and may even represent false-positive sputum results. Screening for any 
abnormalities is more sensitive than screening for TB-related abnormalities on CXR 
and it is therefore preferred as a screening tool, even though specificity is lower 
and thus more survey participants (33% vs. 17% of the total survey population) 
will have to undergo sputum examination. The sensitivity of symptoms as a 
screening method for smear- and/or culture-positive TB cases was low, even when 
we looked at the presence of at least one of five symptoms. Only 20 out of 29 
bacteriologically positive TB cases were detected by this method.  
 
A well known limitation of CXR is that readings are highly subjective and inter- 
and intra-reader variability can be considerable.18-20 Although in the current 
study15 and another recently reported study,21 inter- and intra-reader agreement 
were better than in previous studies, it is recommended that for the purpose of TB 
prevalence surveys radiographs be read by more than one reader.  
 
We included only subjects who produced a sputum specimen in the analyses. As 
those who produced a sputum specimen were more often males and older than 
those who could not produce a sputum specimen, this group is not representative 
of the population. However, the fact that those who attempted but could not 
produce a sputum specimen were less often symptomatic and had fewer TB-
related and other abnormalities on CXR suggests that these people were less likely 
to have TB than those who managed to produce a sputum specimen. It is 
acknowledged that this does not entirely exclude the possibility that this group 
contained TB cases that we failed to diagnose. 
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Table 2   Sensitivity and specificity for symptom and CXR screening for  
    bacteriologically positive TB 

 
Bact. 

positive 
Total 

 

Bact. 
positive 

% 
Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

Cough >= 2 
weeks 
   No  12 892 1.3 0.54 (0.31 - 0.76) 0.82 (0.79 - 0.84) 
   Yes 14 209 6.7     
   Unknown 3 69 4.3     
Haemoptysis         
   No  22 1,124 2.0 0.24 (0.08 - 0.40) 0.92 (0.88 - 0.96) 
   Yes 7 40 17.5     
   Unknown 0 6 0.0     
Night sweats        
   No  15 988 1.5 0.48 (0.27 - 0.70) 0.86 (0.83 - 0.88) 
   Yes 14 179 7.8     
   Unknown 0 3 0.0     
Fever        
   No  26 1,112 2.3 0.10 (0.00 - 0.21) 0.96 (0.94 - 0.97) 
   Yes 3 53 5.7     
   Unknown 0 5 0.0     
Weight loss        
   No 15 960 1.6 0.48 (0.29 - 0.67) 0.83 (0.81 - 0.86) 
   Yes 14 204 6.9     
   Unknown 0 6 0.0     
Any symptoms         
   No  9 780 1.2 0.69 (0.50 - 0.88) 0.68 (0.65 - 0.71) 
   Yes 20 389 5.1     
   Unknown 0 1 0.0     
Abnormal CXR        
   No 1 763 0.1 0.97 (0.90 - 1.00) 0.67 (0.64 - 0.70) 
   Yes 28 407 6.9     
TB-related 
abnormalities 
on CXR         
   No  3 949 0.3 0.90 (0.79 – 1.00) 0.83 (0.81 - 0.85) 
   Yes 26 221 11.8     
Total 29 1,170       

Bact. positive = bacteriologically positive; CXR = chest radiograph;  
TB = tuberculosis; CI = confidence interval 
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Table 3   Agreement between CXR and symptom screening for the 29     
      bacteriologically positive TB cases 

   TB related abnormalities on CXR  
  No Yes Total 
Cough >= 2weeks    
   No 3 9 12 
   Yes 0 14 14 
   Unknown 0 3 3 
Haemoptysis    
   No 3 19 22 
   Yes 0 7 7 
Night sweats    
   No 3 12 15 
   Yes 0 14 14 
Fever    
   No 3 23 26 
   Yes 0 3 3 
Weight loss    
   No 3 12 15 
   Yes 0 14 14 
Any symptoms*     
   No  3 6 9 
   Yes 0 20 20 
Total 3 26 29 

TB = tuberculosis; CXR = chest radiograph 
 
 
The current study confirms the results of a study done by Gothi et al., 22 which 
concluded that CXRs were a satisfactory screening tool in TB prevalence surveys 
but that adding symptom screening did not lead to detection of more TB cases. 
Several TB prevalence surveys have been performed in collaboration with the 
World Health Organization in which symptom, CXR and sputum smear and 
culture information was available for a proportion of subjects or for the whole 
survey population.23-27 However, the sensitivity and specificity of symptoms and 
CXR were not reported. A number of studies have described the use of symptoms 
and CXR as a diagnostic tool in a clinical situation.28-30 In these clinic-based studies, 
predictive models or diagnostic scores to distinguish subjects with and without TB 
were developed. However, these are not applicable to survey settings, as in clinical 
settings the prevalence of TB as well as the prevalence of symptoms and 
abnormalities on CXR is higher.  
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Table 4   Sensitivity and specificity for symptom and CXR screening for smear- 
    positive TB 

  
Smear-
positive Total 

Smear-
positive 

% 
Sensitivity 
(95% CI) 

Specificity 
(95% CI) 

Cough >=2 
weeks      
   No  6 892 0.7 0.67 (0.43 - 0.90) 0.82 (0.79 - 0.84) 
   Yes  12 209 5.7     
   Unknown 2 69 2.9     
Haemoptysis        
   No  14 1124 1.2 0.30 (0.10 - 0.50) 0.92 (0.88 - 0.96) 
   Yes 6 40 15.0     
   Unknown 0 6 0.0     
Night sweats        
   No  8 988 0.8 0.60 (0.36 - 0.84) 0.85 (0.83 - 0.88) 
   Yes 12 179 6.7     
   Unknown 0 3 0.0     
Fever         
   No  18 1112 1.6 0.10 (0.00 - 0.23) 0.96 (0.94 - 0.97) 
   Yes 2 53 3.8     
   Unknown 0 5 0.0     
Weight loss         
   No  10 960 1.0 0.50 (0.29 - 0.71) 0.83 (0.81 - 0.86) 
   Yes 10 204 4.9     
   Unknown 0 6 0.0     
Any symptoms        
   No  5 780 0.6 0.75 (0.55 - 0.95) 0.67 (0.64 - 0.70) 
   Yes 15 389 3.9     
   Unknown 0 1 0.0     
Abnormal 
CXR         
   No 1 763 0.1 0.95 (0.85 - 1.00) 0.66 (0.63 - 0.69) 
   Yes  19 407 4.7     
TB-related 
abnormalities 
on CXR         
   No  2 949 0.2 0.90 (0.77 – 1.00) 0.82 (0.80 - 0.85) 
   Yes 18 221 8.1     
Total 20 1170       

CXR = chest radiograph; TB = tuberculosis; CI = confidence interval 
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The results obtained in this study may be useful for other researchers who are 
planning TB prevalence surveys and are considering the use of CXR screening. 
Several points should be considered. In the current study we used conventional 
CXRs. Mass miniature radiographs (MMR) are often used in TB surveys 4,8,12 
because the equipment is easier to transport. However, MMR may be more 
difficult to read because the CXRs are smaller and the sensitivity of MMR to detect 
any abnormalities may be lower than for conventional CXRs, resulting in more TB 
cases being missed during screening.  
 
We did not present information on the costs of the different procedures, since these 
vary from country to country and are highly dependent on circumstances such as 
transport, manpower and accessibility in the study area. 
 
Another point to consider is the influence of human immunodeficiency virus (HIV) 
infection on smear results and CXR abnormalities. It is known that TB patients 
with HIV are more likely to be smear-negative and to have atypical radiographic 
abnormalities.31-33 A limitation of the present study was that HIV testing was not 
performed, but the estimated prevalence of HIV infection in the study area is lower 
than the 12.4% (95% CI: 8.8-15.9) obtained from women attending antenatal clinics 
in the Western Cape Province in 2002.34 Special care should be taken in areas of 
higher HIV prevalence and more attention should be paid to CXRs with atypical 
abnormalities. Additional studies need to investigate the reliability of CXR 
screening in high HIV incidence areas. 
 
Although symptom screening was not effective in this population, results obtained 
in surveys in other communities may be different, as linguistic, ethnic and cultural 
beliefs may influence responses to questions concerning symptoms. The sensitivity 
of symptom screening may be lower if people who do not consider their symptoms 
to be caused by TB respond negatively to a question concerning cough - for 
example, those that consider a chronic cough to be normal or smoking-related. In 
areas with a high incidence of diseases causing cough, such as asthma and chronic 
obstructive pulmonary disease (COPD), the specificity of the symptom cough may 
be lower. 
 
 
Conclusion 
 
In the study site in Cape Town, South Africa, CXR screening was a valuable tool 
for detecting bacteriologically and smear-positive patients in a TB prevalence 
survey, while symptom screening was not. Factors such as the expected prevalence 
of TB, the presence of HIV, costs and accessibility of the study area have to be 
considered when deciding whether CXR screening is preferable to taking sputum 
from the total population in the area being studied.  
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Summary 
 
Objective: The development and evaluation of a new chest radiograph reading and 
recording system (CRRS) for community surveys of tuberculosis (TB) and lung 
disease. 
Design: An experienced pulmonologist read 2608 chest radiographs (CXRs) 
performed as part of a TB prevalence survey using the newly developed CRRS. 
The kappa for inter-reader agreement was calculated after a second reader 
reported on a stratified random sample of 810 (31%) of the 2608 CXRs. The � for 
intra-reader agreement was calculated from the repeated reporting of a stratified 
random sample of 104 CXRs. 
Results: The Kappa agreement between the two readers was 0.69 (95% CI: 0.64 to 
0.74) for abnormalities consistent with TB and 0.47 (95% CI: 0.42 to 0.53) for any 
abnormalities. The Kappa for intra-reader agreement was 0.90 (95% CI: 0.81 to 0.99) 
for abnormalities consistent with TB and 0.85 (95% CI: 0.74 to 0.95) for any 
abnormalities. 
Conclusion: This standardised method for CXR reading and recording provides 
satisfactory inter- and intra-reader agreement, making it suitable for surveys of TB 
and other forms of lung disease in the community. Its use will permit comparisons 
of results obtained in different surveys.  
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Introduction 
 
The interpretation of chest radiographs (CXRs), because of its subjectivity, is highly 
dependent on the reader. Inter-observer differences and lack of consistency of 
reporting1-3, even by the same reader, has led chest radiography, although widely 
used as a diagnostic tool, to be not well regarded as a tool in tuberculosis (TB) 
surveys. Current practice is to minimize the effects of observer error by employing 
a second or third reader and then seek consensus,4-11 which is both costly and 
effort-intensive. For the study of occupational lung disease, the use of radiology for 
both clinical purposes and research has been greatly improved by the use of a 
standardised reading methodology utilising reference radiographs, and a system 
of accreditation for readers12,13.  
 
We hypothesised that the use of a method similar to that used for occupational 
lung disease might be of benefit to researchers and even to practitioners evaluating 
and recording CXRs on individual subjects for the purposes of identifying and 
systematically recording abnormalities. By transforming observed patterns into 
categorical and semi-quantitative forms, these may be used for both screening and 
follow-up of patients. We report here the development and first results obtained 
using a chest radiograph reading and recording system (CRRS) that employs 
principles similar to those used in the International Union Against Cancer and the 
International Labour Organization (UICC/ILO) and the National Institute for 
Occupational Safety and Health (NIOSH)12,13 radiographic reading methods and 
may be used in conjunction with the UICC/ILO reference radiographs and scoring 
system for occupational diseases, but extends this to recording detailed 
information and descriptions of TB and non-occupational forms of lung disease.  
 
 
Methods 
 
Development of the CRRS 
During the course of surveys of occupational diseases and TB performed in 
southern Africa, one of the authors (NWW) recorded the number and diversity of 
radiographic features that might signify the presence of alternative pathology. 
While employing the UICC/ILO recording and reporting system for features for 
which that system is devised, additional categories were developed, where 
possible with provision for semi-quantitation. The aim was to develop a reading 
and recording system suitable for community-based research, where the focus is 
on establishing the prevalence of lung diseases, including TB. Other requirements 
were that all data could be captured on a single form designed for electronic data 
capture and entry into a database, and that its use could be easily taught and 
learned. The reporting form was developed and refined in a series of studies and 
then employed prospectively in a large community survey in Cape Town: the 
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“Lung Health Survey 2002 (LHS2002)”. The report form (Appendix A) and 
instructions for its use (Appendix B) are provided with this report. The form 
comprises sections devoted to a description of TB disease in its many forms, 
affecting parenchyma, pleural and central structures. It also makes provision for 
recording complications of TB (mycetomas, granulomas, lobar volume loss, 
collapse and bronchiectasis), and for description of many other lung diseases that 
might be of value in characterising the burden of lung disease in a community. 
 
Evaluation of the performance of the CRRS in a TB and  lung disease prevalence study 
A lung health survey, including a TB prevalence survey, was performed in 2002 in 
two neighbouring communities in Cape Town, South Africa. The prevalence of 
new smear-positive TB was calculated to be 3 per 1000 (95% confidence interval 
[CI]: 1 to 5 per 1000) (Den Boon et al., submitted). During the survey, postero-
anterior chest radiography was performed on 2608 adults (≥ 15 years) in a local 
clinic using a 200 MA X-ray machine and 35 by 43 cm CXRs.  
 
Training of readers and reading of CXRs  
One experienced and trained pulmonologist (reader 1, NWW), who had no clinical 
or bacteriological information about the participants, read all 2608 CXRs and 
completed the standardised report form. A second reader (reader 2, DAE) received 
5 h of special instruction on the use of the modified evaluation method from reader 
1. This involved reading at least 50 CXRs selected to provide a range of 
representative pathologies that would be encountered in the study set of CXRs. 
Where relevant, these were viewed alongside the UICC/ILO standard radiographs 
to ensure correct scoring of profusion of abnormalities. Reader 2, blinded both to 
the clinical and bacteriological results of the subjects enrolled into LHS2002 and to 
the results of reader 1, then reported on a stratified sample of 810 CXRs, 
comprising 31% of the complete data set.  
 
This sample was stratified to contain all categories of abnormality observed by 
reader 1. Intra-observer variability was assessed by reader 2 rereading a sub-
sample of 104 of the sample of 810 CXRs, blinded to his previous report. The sub-
sample was selected by a third investigator, and presented in random order, 
interspersed with previously unread CXRs. Both readers had originally attained 
the status of ‘B’ reader in the UICC/ILO system of accreditation for reading of 
CXRs from subjects with occupational lung disease, but at the time of the study 
both were certified only as grade ‘A’ readers. 
 
Data collection and statistical analysis 
Data recorded manually on the CRRS report form by reader 1 was entered into a 
customized relational database (Prospect Medical Information Services, Cape 
Town, South Africa) by electronic capture involving high speed scanning of the 
forms and electronic recognition. Second entry was performed manually. The 
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reports from reader 2 were captured manually through double data entry. 
Inconsistencies between the first and second entries from either reader were 
corrected after scrutiny of the original reading form. 
 
The primary objective was to examine the inter- and intra-observer variation in 
recording major diagnostic categories on CXRs when using the CSSR. These 
categories included 1) abnormal CXR, any abnormalities; 2) parenchymal 
abnormalities; 3) pleural abnormalities and 4) central structure abnormalities. 
Where any of the abnormalities in the last three categories were considered 
potentially related to TB they were also included in a fifth category: abnormalities 
consistent with TB. The CXRs in the original set of 2608 were categorised as 
follows: 1906 were normal, 337 consistent with TB and 365 abnormal but not 
consistent with TB. The following sample was taken: 300 normal CXRs (300/1906 = 
16%), 310 CXRs with abnormalities that were consistent with TB (310/337 = 92%) 
and 200 CXRs with abnormalities that were not related to TB (200/365 = 55%). 
However, during retrieval of the selected CXRs from the CXR storage bank for the 
second reading, five CXRs could not be located and the final sample comprised 299 
normal CXRs, 310 CXRs with abnormalities consistent with TB and 196 CXRs with 
other abnormalities (totalling 805 CXRs). 
 
The kappa statistic14 and its 95% CI were calculated to evaluate inter- and intra-
reader agreement for abnormal CXRs, parenchymal abnormalities, pleural 
abnormalities, central structure abnormalities and abnormalities consistent with 
TB. Results of agreement are interpreted as follows: values between 0.21 and 0.40 
are considered to represent fair agreement, between 0.41 and 0.60 moderate, 
between 0.61 and 0.80 substantial and between 0.81 and 1.00 strong (almost 
perfect) agreement15. In addition, the percentage observed total agreement (Po) 
was calculated. Data analyses were done using SPSS 12.0 for Windows (SPSS Inc, 
Chicago, IL) and an Excel spreadsheet (Microsoft Excel, Palisade Corp, Newfield, 
NY)16. 
 
Ethics approval 
The protocol for the LHS was approved by the ethics committees of Stellenbosch 
University and the University of Cape Town. Permission to perform the study was 
obtained from the City of Cape Town and the Western Cape Provincial 
Department of Health. The health committees of the community were involved in 
the study and informed consent was obtained from all participants.  
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Results 
 
Reader 2 considered 7 of 805 CXRs (0.9%) of inadequate quality. These CXRs were 
not read further and can therefore not be compared with reader 1. Reader 2 
considered 466 (58%) CXRs to be normal, 274 (34%) to show abnormalities 
consistent with TB and 58 (7%) to have abnormalities that were not related to TB. 
The Kappa agreement for whether or not the CXR was normal was 0.47 (95% CI: 
0.42 to 0.53). Better agreement was reached for the question if abnormalities 
consistent with TB were seen (0.69, 95% CI: 0.64 to 0.74). For the TB-related 
abnormalities, the highest к agreement was reached for parenchymal abnormalities 
and the lowest for abnormalities of central structures (Table 1).  
 
During the prevalence survey, 29 bacteriologically-positive cases (at least one 
positive smear and/or one positive culture) were detected, of which 26 cases had 
CXRs read by both readers. The readers agreed on 23 of the 26 (88%) cases having 
abnormalities on CXR and one case having a normal CXR. They also agreed on 22 
of the 26 (85%) cases having abnormalities consistent with TB and three cases not 
having abnormalities consistent with TB (Table 2).  
 
The intra-reader agreement for reader 2 was high, and better than between readers. 
The Kappa agreement for whether or not the CXR was normal was 0.85 (95% CI: 
0.74 to 0.95), and for the presence of abnormalities consistent with TB it was 0.90 
(95% CI: 0.81 to 0.99). The intra-reader agreement was highest for parenchymal 
abnormalities and lowest for abnormalities of central structures (Table 3).  
 
 
Discussion 
 
The ability to compare the results of disease prevalence studies from different 
countries and regions forms part of the global approach to addressing the burden 
of TB and respiratory diseases. For this purpose standardised methodologies have 
been developed for the study of several diseases, including asthma (the 
International Survey of Asthma and Allergic Diseases in Children [ISAAC] 
methodology)17 and chronic obstructive lung disease (the Burden of Obstructive 
Lung Disease [BOLD] methodology)18. Similar standardisation has been achieved 
for radiographic surveys of occupational lung disease. The UICC/ILO12,13 and 
NIOSH radiographic evaluation systems provide validated standardised 
methodology and accreditation of readers. There is a need for similar standardised 
methodology for the study of TB and other lung diseases, for which chest 
radiology provides a useful method of detection and quantitation.  
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To date, a variety of reading methods of varying quality and rigour have been 
applied in TB prevalence studies, but to our knowledge there are no published 
validations of these methods. The CRRS was developed by the late Neil White to 
address this deficiency. The system, although primarily orientated towards TB, 
provides for collection of data on the most significant forms of lung disease for 
which radiology is a useful screening method. The aim was to produce a method 
that is less rigorous for the description of occupational diseases than the 
UICC/ILO and NIOSH methods, and which therefore does not require 
accreditation, but is suitable for use by any person with clinical experience in chest 
radiology, whether formally trained in radiology or not. 
 
Simplifications are the absence of descriptions of the shape of parenchymal 
abnormalities and quantitation of pleural disease. Reference CXRs that provide 
more accurate assessments of profusion of parenchymal lesions may be used, but 
are not considered essential in epidemiological studies of general respiratory 
disease. On the other hand, the CRRS includes more details of post-tuberculous 
lung disease (lobar shrinkage, atelectasis and bronchiectasis) and provides for the 
recording of many additional radiological features. For convenience, these appear 
not only as symbols, but are described in full on the report form. An additional 
useful feature is the electronically compatible one-page format of the report form.  
 
The present study reports the first results on the reader agreement obtained using 
this CRRS. The reading form may need further development and evaluation, but 
the application of the CRRS in the LHS2002 provides at least partial validation of 
the method, in that two non-radiologists, with experience in reading large numbers 
of CXRs both in clinical practice and as a part of epidemiological surveys, showed 
an acceptable level of agreement in detecting major categories of abnormality. 
Furthermore, the less experienced reader reported with a high level of 
reproducibility. The intra-reader agreement was almost perfect for the question as 
to whether or not the CXR was normal as well as for the presence of abnormalities 
consistent with TB. These levels of agreement are higher than those reported 
previously,1-3,19 and may be attributable to the use of the standardised evaluation 
method. Our results also compare favourably with those of a recent study in which 
a similar simplified classification system was used20.  
 
The higher level of agreement for TB-related abnormalities than for any 
abnormalities may be explained by the fact that the CRRS makes provision for 
more details of TB than for other lung diseases. This focus on TB might influence 
the reader to consider this disease more systematically. However, confirmation of 
these results by other observers in other settings would be of value. 
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One of the weaknesses of our study is the fact that a set of standard CXRs were not 
used to ensure that all readers reported features in a consistent manner. 
Consideration will be given to producing a standard set of CXRs containing 
representative examples of common and less common radiological features of TB 
(and other lung diseases). These are likely to be of greatest benefit in instances 
where reading is performed by less experienced clinicians. Another weakness was 
that we used only two readers, and that they had similar experience. We can 
therefore not be sure that the method can be applied with the same level of 
accuracy by other readers of lesser experience. This requires further study, 
preferably using readers with a different background and experience. Finally the 
Kappa statistic is influenced by disease prevalence21-23. In our study, the process of 
stratifying CXRs for reader 2 on the basis of categories of abnormality recorded by 
reader 1 might have introduced a bias. Normal CXRs were under-sampled and 
CXRs containing abnormalities were over-sampled, making the results more 
relevant to high-prevalence disease areas; caution should be exercised in 
extrapolating to situations where disease prevalence is low. In addition, the survey 
was performed in high TB, low human immunodeficiency virus (HIV) infection 
prevalence area, and the study needs to be repeated in areas where the HIV 
infection rate is high.  
 
 
Conclusions 
 
The use of the CRRS resulted in good inter-reader agreement for TB related 
abnormalities and almost perfect intra-reader agreement. This CXR reading and 
recording system may be useful in large-scale surveys of TB prevalence and 
studies of respiratory disease in communities. This study suggests that chest 
radiography may be much more useful as a screening tool for TB than has been 
previously recognized. This reading methodology needs further evaluation by 
more readers and in different study settings.  
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Appendix B  
 
Instructions for the use of the chest radiograph reading and recording system 
(CRRS 2004) for surveys of TB and lung disease (developed by the late Prof Neil W 
White). 
 
1. The chest radiograph (CXR) 

 
a. This system is designed for recording features observed on a standard-sized 

postero-anterior CXR performed in the recommended manner. 
b. Reference radiographs, like those of the UICC/ILO set, should be interspersed 

with those of the subjects to ensure that descriptions of profusion and size of 
nodules remain constant. 

c. Where previous or follow-up radiographs are available, these may be provided 
with the index set, to enable the clinical course of the disease to be assessed. 

 
2. The readers 

 
a. The system has been developed for use by trained radiologists or experienced 

respiratory physicians who are able to correctly recognise and interpret CXR 
abnormalities of all varieties. 

b. All readers should receive training in the use of the CRRS, preferably at a 
common session to ensure consistency of use and interpretation of instructions. 
It is recommended that training involve at least 50 CXRs containing 
abnormalities, and that readers agree on interpretation and rating of 
abnormalities on these CXRs before they begin to assess the test series. 

c. For the purposes of surveys, CXRs should be read by two readers, and 
concordance should be obtained on the major categories of abnormalities; the 
presence of tuberculous disease (current or healed), parenchymal 
abnormalities (broad agreement of primary lesions), pleural disease, and 
abnormalities of central structures. Where reports differ, consensus should be 
sought in each case. 

d. The readers should be ‘blinded’ to the history and clinical features of each 
subject and to the report of the other reader. Where rereading is performed, the 
order of presentation for reading should be altered. 

 
3. The report form 

 
a. Form number The report form (Appendix A) is a single page and has a unique 

serial number and positioning blocks at each corner to permit the contents of 
each response block to be captured electronically via a high quality facsimile 
machine or scanner. The data can be ordered and stored according to the 
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unique form number, ensuring subject confidentiality. In addition, each subject 
is identified by a subject number. 

b. Completing the form The form is completed by hand. Use of a soft black pencil is 
advised. To enable electronic capture, a cross should be made in each block 
with bold strokes. Care must be exercised to ensure that as much of the block 
as possible is covered by the cross, and, although it is acceptable to stray 
outside the block, no mark must be allowed to appear in a neighbouring 
square. The following fields are completed in order: 

 
Section 0 
 
0.1 Subject number For reasons of confidentiality, the form must not contain any 

personal identifiers such as name, date of birth, or address. Instead, each 
subject or patient is assigned a unique subject number up to 5 digits. The code 
linking subjects to their numbers must be stored separately by a designated 
clinical researcher, according to requirements of the local ethics review board. 
Each digit (1 to 9) is made recognisable for electronic capture writing them as 
squared-off numbers on a grid of 6 dots arranged in two columns of 3. 
Numbers are written as follows: 1 = join 3 left hand dots; 2 = join all dots 
starting with the top left dot and ending at the right bottom dot; 3 = join all 
dots starting with top left dot to form a 3; 4 = join top two dots on left, middle 
two and all 3 on right; 5 = join top dots, left hand upper two, middle two, right 
lower two and bottom two; 6 = join top two, left three, bottom two, right lower 
two and middle two; 7 = join upper tow and right hand three; 8 = join all 6 dots 
to form the number 8; 9 = join top two, left hand top two, middle two and right 
hand 9.  

0.2 Date of X-ray The date is entered in numbers as described above, beginning 
with the day, then the month in numerals, and then the year as four digits. 

0.3 Radiograph quality Radiograph quality is judged as follows. 1 = high quality, 2 = 
acceptable quality, 3 = poor quality, barely readable (caution must be exercised 
in interpreting abnormalities on radiographs of this quality), and 4 = 
unreadable radiograph (no attempt should be made to read such radiographs). 
When 2, 3 or 4 is entered, a comment should be entered in the adjacent block 
identifying the nature of the quality deficiency. Examples are: over-exposed, 
under-exposed, movement artefact, poor positioning of subject, and absence of 
date or subject identifier. 

 
Section 1.0  
 
This section requires a response to the question ‘Radiograph completely negative?’. 
If answered in the affirmative, no further details need be recorded, and the exercise 
is complete. However, since this can only be completed when a full assessment of 
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the radiograph has been made, it should be completed last, and only when no 
other entries of positive features have been made on the form. 
 
Section 2.0  
 
Features of TB The question ‘Any abnormalities consistent with TB?’ serves as a 
summary statement for the presence of features of TB useful for prevalence 
studies. These may involve any of the thoracic structures (parenchyma, pleura, 
nodes or bones), and the question refers to any lesions, whether considered active 
or ‘healed’. This question should only be completed when the assessment of each 
of the thoracic structures and Sections A to E have been completed.  
 
Section A 
 
A.1 Parenchymal abnormalities A.1 records the presence of parenchymal 

abnormalities categorising them into cavities, fibrosis, infiltrates or nodules. 
Fibrosis refers to scarring of the lungs considered to be caused by TB, and 
should not be used to describe diffuse fibrosis as occurs in idiopathic 
pulmonary fibrosis and other forms of diffuse parenchymal disease. TB-
related fibrosis occurs in characteristic locations -the apico-posterior or apical 
regions of the upper lobes- but can occur elsewhere and be extensive. 
Infiltrates refers to all intra-pulmonary opacities considered to not represent 
cavitation, fibrosis or nodules (of any size). This includes consolidation of 
lung parenchyma. Changes that are dominant are described as primary 
(A.1.1), and those of lesser significance as secondary (A.1.2). This requires the 
clinical judgment of the reader, and is based upon the likely origin of the 
lesion and its clinical effects. More than one block may be scored. In A.1.3, the 
number and location of lung zones affected by the pathology in A.1.1 and 
A.1.2 is recorded as left and right lungs, upper, mid and lower zones as 
viewed on a PA radiograph.  

A.2   Nodular abnormalities Question A.2 is only used if the reader has recorded the 
presence of nodules as a primary or secondary abnormality in question A.1.  
First, their size is recorded. This is recorded in one of three size categories: 
<1.5mm, 1.5 to 3.5mm, or 3.5 to 10mm in diameter. Unlike the UICC/ILO 
classification, the shape of lesions (rounded or irregular) is not recorded. 
When they are homogeneous, the size response is entered as a primary 
abnormality. If size is heterogeneous, the predominant lesion should be 
considered primary, and the minority lesion size as secondary.  The second 
exercise is to record profusion. In accordance with the methodology of the 
UICC/ILO classification profusion is scored on a 12-point scale ranging from 
0/- to 3/4 (0/-, 0/0, 0/1, 1/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 3/4). The 
appropriate profusion score is entered as a single point on a latin square on 
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the report form. The UICC/ILO standard reference radiographs may be used 
as a check of scaling and consistency of recording (see 1.b, above). 

A.3   Mycetoma Questions A.3, A.4 and A.5 describe specific pathologies. In A.3, the 
presence of a mycetoma (almost always within a pre-formed cavity) is 
recorded as absent or present, and the lung in which it occurs is recorded as 
left and/or right. 

A.4  Granulomas These differ from nodules in that they are usually larger than 
10mm, and are frequently calcified. They are recorded as absent, or if present, 
the lung in which they occur is noted, as is the presence or absence of 
calcification. If non-calcified, other causes of solitary nodules should be 
considered, and this should be recorded as ‘Ca’ (suspected cancer) in section 
F.1. Non-calcified granulomas should only be considered as being caused by 
TB if they occur in the presence of other clearly identifiable features of TB. 

A.5  Lobar Volume Loss / Collapse / Bronchiectasis The presence of any of these 
features is recorded as absent, or present in the right and/or left lung. They 
are grouped, as in TB these features frequently co-exist and may be difficult 
to distinguish without the assistance of computerised tomography. 

 
Section B 
 
B.1   Pleural Abnormalities The presence of any pleural abnormality is recorded. If 

any is present, the following three forms of pleural disease that are 
commonly associated with tuberculosis are recorded.  

B.2 – B.4 Apical caps, pleural effusions or thickening (these can be difficult to 
distinguish from one another and are therefore grouped) and costophrenic 
angle obliteration, often a sign of early or previous pleural disease. The latter 
is reserved for when there is no evidence of effusion/ thickening superior to 
the costophrenic recess, i.e., extending up the lateral chest wall. 

 
Section C 
 
Previous radiograph The value of viewing previous radiographs is recognised in this 
question. If any are available, the reader is required to simply select the most 
appropriate radiograph from which to judge the natural history or ‘projectile’ of 
the abnormality; are the abnormalities improving, unchanged or deteriorating? 
This requires clinical judgement. The date of the comparator radiograph is entered 
in block numerals, as described above. 
 
Section D  
 
D.1 Central Structure Abnormalities The following features, each commonly 

associated with TB disease, are recorded:  
D.2   Tracheal deviation  
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D.3   Hilar elevation 
D.4   Mediastinal shift 
D.5 Pericardial Effusion Unless calcified, the radiograph has low accuracy for 

distinguishing pericardial effusions from other causes of an enlarged cardiac 
silhouette. The latter should be considered in each case, and other features of 
left ventricular failure should be sought.   

D.6   Lymphadenopathy (subcategorised as hilar, mediastinal and/or calcified).  
 
Section E 
 
E.1  Any other abnormality consistent with tuberculosis A coded box allows entry of 

yes or no, but the abnormality may be entered in writing. Examples are 
pericardial disease or bone involvement. 

 
Section 3.0 
 
Any other abnormality This summary question relates to Section F, which comprises, 
for convenience of reporting, a check list of abnormalities under the following 
headings:  surgical (signs of surgical interventions), skeletal (bony abnormalities), 
pleural disease (other than that described above under features of TB), mediastinal, 
and abnormalities of the lungs and hilum. To aid the user, definitions of the 
abnormalities appear on the report form. Mesothelioma refers to suspected 
mesothelioma. Honeycomb lung is applied to areas of diffuse reticulation 
representing broad bands of fibrosis, as occurs within the presence of extensive 
parenchymal fibrosis. 
 
Section G 
 

G.1      Other disease The reader has an option to use free text to provide a 
radiological diagnosis of any specific disease entity that has not been 
adequately covered. 

G.2    Comments This may be used to elaborate on any symbol used, to describe  
another (non-disease) abnormality or provide further details about conditions 
mentioned in Section G.1. 

0.4     Reader This section resumes from the first section. The reader’s name is 
recorded.  

0.5    Reading date Date of the reading is recorded in squared digits (as described 
above). 
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Summary 
 
Background: Despite the introduction of the Stop-TB strategy in South Africa during 
1997 the incidence of tuberculosis (TB) has increased. One of the reasons is co-
infection with HIV, but it is unclear what the reasons are for continued high 
transmission rates in communities with a relatively low HIV prevalence. 
Objectives: To determine the annual risk of tuberculosis infection (ARTI) before and 
after the introduction of  the DOTS strategy  and to compare it with the trends in 
the National Tuberculosis (TB) Programme indicators in two neighbouring urban 
communities in Cape Town (Ravensmead and Uitsig).   
Methods: In 1998 and 2005, tuberculin surveys were conducted to determine the 
ARTI in six to nine year old children from all primary schools in Ravensmead and 
Uitsig. Information on notification rates and treatment outcomes for 1998 to 2002 
was obtained from the electronic TB register. 
Results: 2,067 children participated in the survey in 1999 and 1,954 in 2005. The 
prevalence of infection was 26.2% in 1998, corresponding to an ARTI of 3.7%. In 
2005 the prevalence of infection was 28.9% which corresponded to an ARTI of 
3.9%. In Ravensmead there was no significant change in ARTI between the two 
surveys while in Uitsig the ARTI increased from 4.1% to 5.5%. The notification rate 
for pulmonary TB and the proportion of previously treated TB cases were higher in 
Uitsig than in Ravensmead. On average, 76% of new smear-positive TB cases and 
58% of previously treated smear-positive cases were successfully treated.  
Conclusions: TB transmission remained high despite the introduction of the Stop-TB 
strategy. Previously treated TB cases seem to play an important role as the increase 
in transmission rate in one community was associated with a higher burden of 
previously treated cases. Other possible explanations for the high transmission rate 
are low treatment success rates and an increasing HIV prevalence.  
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Introduction 
 
Tuberculosis (TB) remains an important public health problem (1). The World 
Health Organization’s (WHO) targets for the Stop-TB strategy (previously known 
as DOTS strategy) are to detect at least 70% of incident cases of smear-positive TB 
and to cure at least 85% of these patients.2,3 Mathematical models predict that 
reaching these targets will lead to a decline in the transmission of TB, a decrease in 
the incidence of TB, and a decline in the annual risk of tuberculosis infection 
(ARTI) (2-5).  
 
South Africa was listed 8th amongst the 22 high tuberculosis burden countries in 
the world in 1997, with an estimated incidence rate of 392 per 100,000 population 
(159 per 100,000 for new smear-positive TB) (6). In 2005, it was ranked 5th, with an 
estimated incidence rate of 718 per 100,000 (293 per 100,000 for new smear positive 
TB) (7). The National Tuberculosis Control Programme (NTCP) introduced the 
Stop-TB strategy in 1996. Since the introduction of the Stop-TB strategy, progress 
has been made towards the WHO targets of 70% case detection 85% and treatment 
success: in 2006 the case detection rate for new smear-positive TB cases was 
estimated to be 85% and treatment success was 67% in the 2003 cohort (7). 
 
In Ravensmead and Uitsig, two neighbouring communities in Cape Town, the 
Stop-TB strategy was introduced during 1997. The aim of this study was to assess 
the impact of the DOTS strategy on the transmission of TB in Ravensmead and 
Uitsig. We therefore compared the ARTI calculated from a TST survey done in 
2005 with the ARTI calculated from a TST survey done in 1998. The calculated 
ARTI denotes the ARTI at the midpoint in calendar time between the year the 
cohort children was born and the year of the survey (8). In addition, we studied the 
trends in pulmonary TB (PTB) notifications and treatment outcomes during the 
first five years of the Stop-TB strategy (1998 to 2002) in order to explain the 
differences in ARTI between the two surveys.  
 
 
Methods 
 
Study population  
This study took place in two neighbouring suburbs of Cape Town, South Africa, 
with a total surface area of 3.4km2 and an estimated total population of 37,124 in 
1996 and 36,343 in 2001 (9). The average monthly income per household was R6750 
in Ravensmead and R3290 in Uitsig in 2001 (1 USD ~ 7.8 Rand). Employment rates 
were approximately 51% in Ravensmead and 40% in Uitsig between 1996 and 2001 
(9). BCG vaccination in the neonatal period has been compulsory since 1972. A 
tuberculosis prevalence survey that was done in 2002 showed a prevalence of 10 
per 1,000 for bacteriologically confirmed tuberculosis (10).  
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Study design and sampling 
The two tuberculin skin test (TST) surveys were conducted according to the 
WHO/IUATLD guidelines (8). The first TST survey was conducted in 1998 and it 
was repeated with the same methodology in 2005. All primary schools, nine in 
1998 and eight in 2005 (one school in Ravensmead closed), were included in the 
survey and all children enrolled at these schools (grade one to grade seven) were 
targeted for skin testing. The Committee for Human Research, Faculty of Health 
Sciences, Stellenbosch University, the Department of Health, City of Cape Town 
and the Department of Education of the Western Cape Province gave permission 
for both tuberculin surveys. Written informed consent was obtained from 
parents/legal guardians and assent from participants was sought.  
 
Data collection 
Date of birth, sex and the presence of a BCG scar were recorded for each child. A 
trained and experienced field worker performed the tuberculin skin test (TST). 
Two trained readers recorded the size of indurations prior to the study, these 
readers had demonstrated concordance higher than a preset standard in their 
readings. A quantity of 0.1ml from a single batch of PPD RT 23 (Statens Serum 
Institut, Copenhagen), at a dose of 2TU was injected intradermally on the ventral 
aspect of the left forearm.  The maximum transverse diameter of the induration 
was read with a calibrated calliper after 72 hours by one reader. The result was 
documented in millimetres to the first decimal point. Parents received a letter that 
informed them of their child’s result and symptomatic children were asked to 
attend the local health facility where they were screened for active TB and 
managed accordingly. 
 
Statistical analysis 
All six to nine year old children, with BCG scar status and TST induration recorded 
were included in the data analysis. Reactions greater than or equal to 10 mm were 
considered to be attributable to infection with Mycobacterium tuberculosis. The 
frequency distribution of TST indurations was compared between children with 
and without a BCG-scar using the Mann-Whitney test. Analyses were done on all 
children irrespective of BCG scar status. The prevalence of M. tuberculosis infection 
was calculated as the proportion of participants with a TST induration of 10mm or 
more.  Prevalence of M. tuberculosis infection and its 95% confidence intervals (95% 
CI) were adjusted for non-response in each school. The formula   1- (1- prevalence) 
1/mean age was used to calculate the ARTI (8, 11,12). Mean age was calculated after 
adding 0.5 years to the age at the last birthday. All data were dually entered in a 
Microsoft Access database and the two entries were compared. The dataset with the 
least errors was corrected after verification with the original data. Statistical 
calculations were performed with STATA (13).   
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Notification rates and treatment outcomes 
Access to the official NTCP register was obtained from the Western Cape TB 
Programme Coordinator. Complete data for Ravensmead and Uitsig TB clinics 
were only available from 1998. During 2003 a new electronic register was 
implemented and data was not accessible for this study thereafter. The number of 
PTB cases (new and previously treated) recorded and the treatment outcomes of 
smear positive PTB cases were available from the register. Population size was 
estimated from the 1996 and 2001 national census data, and we calculated the 
population size for the interim years with the inter-census growth rate. 
Notification rates for new and previously treated PTB cases were calculated. 
 
 
Results 
 
In the 1998 survey 5,779 children (2,566 between 6-9 years) were registered as 
primary school attendees and 4,759 (2,460 between 6-9 years) were registered in 
2005. Of the 6-9 year old children 2,067 (81%) were included in the analyses in 1998 
and 1,954 (79%) in 2005. Children without parental consent, not present on both 
days of the TST survey and those with missing data were excluded. The 
participation rate in Uitsig was higher than in Ravensmead in both years. In 1999 
in Uitsig it was 89% and in Ravensmead it was 76% (OR = 2.63, 95% CI: 2.08 – 3.32). 
In 2005 the participation rate was 82% in Uitsig and 78% in Ravensmead (OR = 
1.34, 95% CI:  1.10 – 1.65). The proportion of children with a BCG scar was 65% in 
1999 and 68% in 2005. No significant differences were observed between the 
distribution of TST indurations of children with and without BCG scars (Figure 1 
and 2) (1999: Z = 0.501, p = 0.616, 2005: Z = 1.439, p = 0.150). In the 1999 survey 958 
(72%) of children with a BCG scar and 491 (68%) of children without a BCG scar 
had no measurable skin test reaction (OR = 1.21, 95% CI: 0.99 – 1.47). The 
corresponding results in the 2005 survey were 944 (71%) and 409 (66%) (OR = 1.29, 
95% CI: 1.05 – 1.58). The mean age of the children was 7.6 (SD: 1.1) in 1999 and 8.1 
(SD: 1.1) in 2005. Using the exact average calendar time of the survey, and the exact 
average age of the children we determined that the 2005 survey therefore 
represents the average ARTI in 2000 and the 1998 survey gives the average ARTI 
for the year 1994.  
 
Prevalence of infection and ARTI 
The prevalence of M. tuberculosis infection was 26.2% (24.3 – 28.1) in 1999, 
corresponding to an ARTI of 3.7% (95% CI: 3.4 – 4.0%). In 2005 the prevalence of 
infection was 28.9% (27.0 – 30.9%), corresponding to an ARTI of 3.9% (95% CI: 3.6 – 
4.3%) (Table 1).  
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Figure 1   Frequency distribution of tuberculin skin test indurations in 1998  
    (n=611, BCG-scar negative: 234, BCG-scar positive: 377) 
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Figure 2   Frequency distribution of tuberculin skin test indurations in 2005  
   (n=601, BCG-scar negative: 215, BCG-scar positive: 386) 
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The average ARTI for Ravensmead was calculated to be 3.5% (95% CI: 3.1 – 3.9%) 
in 1994 and 3.1% (95% CI: 2.7 – 3.4%) in 2000. The ARTI in Uitsig increased from 
4.1% (95% CI: 3.6 – 4.6%) calculated for 1994 to 5.5% (95% CI: 4.9 – 6.2%) calculated 
for 2000. In 2005 the ARTI in Uitsig was significantly higher than in Ravensmead, 
while this was not the case in 1999 (Table 1).  
 
 
Table 1   Prevalence of Mycobacterium tuberculosis infection and annual risk of  
    tuberculosis infection (ARTI) in Ravensmead and Uitsig 

 Total children 

Prevalence of 
infection % 

(95% CI) 
ARTI %  
(95% CI) 

1998 survey    
   Ravensmead 1237 24.8 (22.4 – 27.4) 3.5 (3.1 – 3.9) 
   Uitsig 830 28.6 (25.6 - 31.7) 4.1 (3.6 – 4.6) 
   Total area 2067 26.2 (24.3 - 28.1) 3.7 (3.4 - 4.0) 
    
2005 survey    
   Ravensmead 1197 23.3 (20.9 – 25.7) 3.1 (2.7 – 3.4) 
   Uitsig 757 38.4 (35.0 - 41.9) 5.5 (4.9 – 6.2) 
   Total area 1954 28.9 (27.0 - 30.9) 3.9 (3.6 - 4.3) 

 
 
Notification rates  
Both Ravensmead and Uitsig had high PTB notification rates during the study 
period (Figure 3a and 3b). The total PTB and new smear-positive notification rates 
did not change significantly over time. Uitsig had a higher total PTB notification 
rate than Ravensmead but there was no difference in new smear-positive TB 
notification rates between the two areas (p=0.46). From 2000 onwards the 
proportion of previously treated PTB cases among all PTB cases in Uitsig was 
significantly higher than in Ravensmead, approximately double (Figure 3a and 3b). 
The proportion previously treated TB cases among all smear-positive TB cases was 
on average 32% in Ravensmead and 43% in Uitsig.   
 
Treatment outcomes 
Average treatment success rates (cure and treatment completion) for new smear-
positive PTB cases were 75% in both Ravensmead and Uitsig (Figure 4a and 4b). 
They did not change significantly over time. Of those cases not treated 
successfully, the majority was due to patients being transferred or defaulting from 
treatment. Default rates were above 5% and often above 10% in both clinics, except 
for 2001 at Ravensmead clinic (4%). Death and failure rates remained below 5%. 
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Figure 3a   Notification rates of pulmonary tuberculosis (PTB) for Ravensmead  
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Figure 3b   Notification rates of pulmonary tuberculosis for Uitsig  
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 Treatment success rates for previously treated cases were lower than for new cases 
in both clinics (average of 59% in Ravensmead and 60% in Uitsig over the five 
years) and did not change over time (Figure 5a and 5b). Default rates were higher 
for previously treated cases compared to new cases (average of 20% in 
Ravensmead and 28% in Uitsig over the five years). Treatment outcomes did not 
significantly differ between the two clinics over the study period. 
 
Figure 4   Treatment outcomes for new smear-positive TB patients in  
     Ravensmead and Uitsig 
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(b) Uitsig
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Figure 5   Treatment outcomes for previously treated smear-positive TB patients 
 in Ravensmead and Uitsig 

(a) Ravensmead
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(b) Uitsig
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Discussion 
 
In this study we show that the TB transmission rate remains high in Ravensmead 
and Uitsig. TB transmission is uncontrolled, although we estimated that the case 
detection rate for new smear-positive TB cases was higher than 70% (unpublished 
data Den Boon). Below WHO target (85%) treatment success rates and high default 
rates may partly explain why the average ARTI in the total area was unchanged. A 
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2002 prevalence survey in Ravensmead and Uitsig found that more than half of the 
prevalent smear positive TB cases were previously treated for TB (10). In the 
present study we show that among notified cases the proportion of previously 
treated cases is also very high. These previously treated cases are likely to be partly 
responsible for the escalating tuberculosis epidemic especially since treatment 
success rates among previously treated cases are lower than in new patients and 
default rates are higher. Other factors, such as an increasing HIV prevalence may 
also modify the trend in the ARTI. Odhiambo et al reported a sharp increase in the 
ARTI of Kenyan schoolchildren due to HIV infection (14). However, other studies 
showed that HIV influences the incidence of TB rather than the prevalence and 
therefore probably has a limited effect on transmission and the ARTI (15, 16). 
Unfortunately the HIV status of the TST participants was unknown. However, the 
antenatal HIV prevalence in the health district of Ravensmead and Uitsig was 7.9% 
in 2001 and increased to 15.1% in 2004 (17). Voluntary counselling and testing 
(VCT) of registered TB patients during 2002 and 2003 showed a HIV 
seroprevalence among TB patients of 7.9% at Ravensmead clinic and 10.9% at 
Uitsig clinic (Personal communication Caldwell). As it was estimated that the 
prevalence of HIV in TB patients is six times higher than in the general population 
(1, 7) we estimate that the prevalence of HIV among adults in our community was 
approximately 1-2%. The prevalence of HIV in Ravensmead and Uitsig is thus 
probably lower than in the district, but we do not know whether the prevalence of 
HIV is increasing or not. 
 
The factors mentioned above may also explain why the ARTI in Uitsig increased 
significantly while the ARTI in Ravensmead decreased slightly. The highly 
infectious pool (smear-positive TB cases) was larger in Uitsig and this was mainly 
due to a high proportion of previously treated cases. The HIV prevalence amongst 
registered cases was higher in Uitsig compared to Ravensmead and this may also 
partly explain the differences in ARTI and notification rates between the two areas. 
Other factors that can possibly influence the risk of transmission such as climate 
and population density did not differ between the two communities, but the 
socioeconomic status (measured in terms of average annual household income, 
level of education and quality of housing) was lower in Uitsig (9). It is likely that a 
combination of all factors mentioned above is responsible for the difference 
between Ravensmead and Uitsig.  
 
The results of our study provide useful information on the transmission of M. 
tuberculosis in Ravensmead and Uitsig. Comparable surveys had not been 
undertaken in these two communities prior to 1998. It may also serve as a model 
for other high prevalence areas within South Africa, as no recent national ARTI 
data have been published. The ARTI in our study is very high in comparison with 
recently published rates in other high burden countries (16, 18-21).  
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Our study has several limitations. We chose to estimate the overall prevalence of 
infection and ARTI in all children, irrespective of BCG scar status. Analyzing only 
children without a BCG scar would not only result in too few children, but would 
also introduce a bias, as children who are not vaccinated are not representative of 
the general population. In addition, it is known that not all children who are 
vaccinated at birth develop a scar which may lead to an underestimation of vaccine 
coverage (22). BCG is reported to induce small TST indurations (22, 23). However, 
several studies have reported that tuberculin reactivity to BCG given in infancy 
wanes rapidly within five years (24-26). As our study only included children 6-9 
years old we do not expect that the BCG vaccination they received at birth still 
influences the TST response. We think that in our population including the BCG 
vaccinated children did not lead to an overestimation of the ARTI.  
 
The cut-off point of 10 mm is often used to distinguish infected from not-infected 
persons and seems justified in this population as the frequency distributions in 
1998 and 2005 show a clear uni-modal distribution with no effect of environmental 
mycobacteria or BCG vaccination. Specificity of tuberculin skin tests varies 
depending on age, genetic factors, and medical conditions such as severe 
malnutrition, HIV/AIDS and even extensive tuberculosis and may change over 
time. Although the nutritional status and HIV status of participants were 
unknown, we did not see an increase over time in smaller size indurations or non-
responders, as would be expected in malnourished or immuno-compromised 
hosts.  
 
Although there seems to be an association between a high proportion of previously 
treated PTB cases and ARTI, the ecological nature of this comparison warrants 
careful interpretation. In addition, our ARTI data represent the epidemiological 
situation of on average 4 to 5 years ago and notification and outcome trends may 
not be in line with the ARTI trends. Unfortunately no official data from before 1998 
was available for these communities and data after 2002 were collected in a 
different way (with an electronic register) and are therefore less comparable. 
 
This study shows that there is an ongoing high transmission rate of M. tuberculosis 
to children in these high burden communities. Although there seemed to be 
progression towards WHO targets for case detection and new smear positive cure 
rates, it did not have an impact on the TB epidemic yet. The high transmission rate 
in this highly endemic area is probably partly attributable to poor treatment 
outcomes and the high burden of previously treated cases, although other factors 
such as HIV could also be partly responsible. It is clear that an intensified effort is 
needed to decrease the transmission of M. tuberculosis and to lower TB incidence in 
Ravensmead and Uitsig. A follow up tuberculin skin test survey in 5 years will 
enable us to confirm these trends in the ARTI and to reassess the impact of the 
program. We recommend that future studies attempt to define the impact of 
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previously treated cases on the epidemic in high burden areas. Additional 
recording, reporting and treatment strategies for previously treated TB cases are 
required to control this often underreported component of the epidemic. 
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Summary 
 
Aim: To compare symptoms and treatment outcome in tuberculosis (TB) cases who 
were actively detected during a community survey with cases who were passively 
detected in the routine TB program. 
Methods: In a community survey in Cape Town, South Africa, we detected 27 
bacteriologically positive TB cases who had not started anti-tuberculosis treatment. 
They all completed a questionnaire about their symptoms. In 2004/2005 the 
National Tuberculosis Program (NTP) passively detected 473 TB cases for whom 
we obtained information on treatment outcome from the clinical register. Of those 
passively-detected TB cases 109 completed the questionnaire. Actively and 
passively detected cases were compared with logistic regression analysis. 
Results: Seven of 27 (26%) actively detected TB cases did not start treatment and 
were considered initial defaulters. For those actively-detected cases who did start 
treatment, the treatment success rates were not different from passively-detected 
TB cases (both 80%) (OR: 1.01, 95% CI: 0.33 – 3.09). Passively-detected cases 
reported the presence of the symptoms cough (OR: 3.72, 95% CI: 1.47 – 9.39), 
haemoptysis (OR: 3.20, 95% CI: 1.03 – 9.93), night sweats (OR: 3.35, 95% CI: 1.40 – 
7.99), fever (OR: 4.28, 95% CI: 1.21 – 15.14), and weight loss (OR: 11.14, 95% CI: 4.17 
– 29.74) more often than those detected actively. In the multiple logistic regression 
analysis only weight loss remained significant.  
Conclusion: This study shows that a community survey is useful to detect 
additional TB cases although these cases are less symptomatic and probably have 
less severe disease. Although the TB cases detected by the community survey had 
similar treatment outcomes as TB cases detected in the TB program, they 
experienced a high default rate. 
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Introduction 
 
The World Health Organization (WHO) recommends the Stop-TB Strategy for the 
control of tuberculosis (TB) (1). One of the components of this strategy is passive 
case detection. This means that TB suspects with symptoms such as persistent 
cough for three weeks or more, haemoptysis, loss of appetite or weight, malaise, 
tiredness or night sweats who voluntarily seek care at health facilities should be 
tested for tuberculosis. There are often long delays due to either patient factors 
(some TB suspects don’t have symptoms or don’t regard their symptoms as severe 
enough to seek care) or due to health system and/or diagnostic delays. These 
delays may contribute to increased severity of disease and mortality. Furthermore, 
it may contribute to the transmission of TB in the community as such cases remain 
undetected for long periods (2, 3). Early diagnosis of the disease and prompt 
initiation of treatment is thus essential to effectively manage and control 
tuberculosis. Active case detection may lead to the earlier diagnosis of TB cases at 
an early stage of disease and thus reduce transmission of Mycobacterium tuberculosis 
(4).  
 
In this study we compared the presence of TB-related symptoms and treatment 
outcome between cases who were actively detected during a community survey of 
TB and cases who were passively detected by the National TB Program (NTP) in 
two suburbs in the Western Cape Province of South Africa. 
 
 
Methods 
 
Study setting 
The study area is an established epidemiological field site in Cape Town, South 
Africa. It comprises two neighbouring suburbs (Ravensmead and Uitsig) with a 
population of 36,343 (5) served by two primary health care clinics and a tertiary 
university hospital. TB is managed according to the Stop-TB strategy with case 
detection by smear microscopy of suspects who present with symptoms (passive 
case detection), supervised treatment with a six-month rifampicin-containing drug 
regimen using fixed-dose combination tablets and recording of cases in TB 
treatment registers at clinic level. In 2002 this area registered 341 new smear-
positive TB cases per 100,000 (5, 6). In the current community survey involving 
active case finding, we calculated a bacteriologically confirmed TB prevalence of 10 
per 1000 persons. (7). 
 
Data collection 
a) Community survey (active case detection) 
Active case detection was carried out between July and December 2002 during a 
cross-sectional community-based TB prevalence survey on a random sample of 
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15% of the adult population (>=15 years of age). Experienced interviewers 
obtained written informed consent from each participant and administered 
questionnaires in the local language to obtain data on socio-demographic details 
and presenting symptoms. Participants underwent chest radiographic (CXR) 
examination and attempted to provide a sputum specimen (7). Participants who 
had a positive smear for acid-fast bacilli (AFB) or were culture-positive for M. 
tuberculosis were considered to have bacteriologically positive TB and were 
referred to a clinic for anti-tuberculosis treatment. Those cases detected during the 
survey who had already started treatment were not considered as actively-detected 
cases. Patients identified by the survey who did not commence anti-tuberculosis 
treatment within two months of diagnosis despite being reminded by three home 
visits by a survey team were considered initial defaulters.  
 
b) Passive case detection 
All TB cases diagnosed by passive case finding were identified from the TB 
treatment registers in the clinics between February 2004 and November 2005. 
Eligible cases were diagnosed based on a positive smear or culture for M. 
tuberculosis, they had to be 15 years or older and living in the study area. 
Information on laboratory test results and TB treatment outcomes was obtained 
from the TB treatment registers. Within two weeks of the diagnosis, research 
assistants attempted to contact each case to administer the same questionnaire as 
used for the actively-detected cases. We used convenience sampling to include 
patients in the study: patients were only interviewed when they visited the clinic in 
the mornings on week days outside holiday periods.  
 
Statistical analyses 
Data were double-entered into a computer and the two copies compared. The 
dataset with the least errors was corrected after verification with the original data. 
Favourable treatment outcomes included cure (smear-negative after two months of 
intensive phase and at the end of treatment) and treatment completion without 
confirmed smear conversion. Unfavourable treatment outcomes included default 
(the interruption of treatment for two months or more), failure (remaining or 
becoming again, smear positive at five months or later during treatment), death 
(from any cause) and unknown outcomes due to the transfer of the TB case to 
another health district. Characteristics of the actively and passively detected cases 
were compared using logistic regression analysis and odds ratios (OR) and 95% 
confidence intervals (CI) were calculated. All symptoms that were significant in the 
logistic regression analyses were included in a multiple logistic regression model 
with the case-detection method as the dichotomous dependent variable. We did 
sub-analysis including only smear-positive TB cases because cultures are not 
routinely done in the NTP while in the community survey sputum samples of all 
cases were cultured. Analyses were performed using STATA.  
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We obtained ethical approval for this study from the Committee for Human 
Research of Stellenbosch University and the University of Cape Town. The City of 
Cape Town Health Department, the local health authorities and the local 
Community Health Committees also approved the study. 
 
 
Results 
 
In the tuberculosis prevalence survey, 3,483 adults were interviewed and 2,608 
underwent chest radiography. Of the participants who underwent CXR and 
attempted sputum examination, 1,170 could produce a sputum sample (7). We 
detected 30 participants with bacteriologically positive TB. In a previous 
manuscript (7) we reported on only 29 confirmed tuberculosis cases since one of 
the detected TB patients did not have a CXR that was needed to be included in the 
denominator. Three of the 30 actively-detected TB cases were excluded from 
further comparative analysis because they had already been detected and started 
treatment by the clinic before they were included in the survey. Analyses were 
thus done on 27 actively-detected TB cases. 
 
Between 15 February 2004 and 15 November 2005, 473 adults with bacteriologically 
positive TB were passively detected in the clinics in Ravensmead and Uitsig. These 
passively-detected cases did not differ from the 27 actively-detected cases 
regarding sex or age (Table 1). Thirty-seven percent of passively-detected cases 
had previously been treated for TB, compared to 26% of actively-detected cases, 
but this difference was not statistically significant (OR: 1.69, 95%CI: 0.70 – 4.08) 
(Table 1). The initial default rate among actively-detected cases was high: seven of 
the 27 cases (26%) did not start treatment within two months of diagnosis. Three of 
those initial defaulters started treatment 4 to 14 months after the survey. The 
remaining four initial defaulters did not start treatment in the study area within 
the time period of the study. Of the 20 actively-detected cases who started 
treatment 16 (80%) were successfully treated which was the same in passively-
detected cases (OR: 1.01, 95% CI: 0.33 – 3.09).  
 
Of 473 passively-detected TB cases, 109 (23%) were interviewed. The interviewed 
cases did not differ significantly from the cases who were not interviewed with 
respect to sex, patient category (whether they were new or previously treated 
patients), smear grading, or treatment outcome (Table 2). However, the 
interviewed cases were significantly more frequently in the age category 45 – 54 
years old (Table 2) or underwent HIV testing (80% vs. 62%, OR: 2.47, 95% CI: 1.48 – 
4.13). Of those who were tested for HIV, the results of the test did not differ 
significantly between interviewed and non-interviewed cases (Table 2).  
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Table 1   Comparison of demographics, smear grading and treatment outcome  
   between actively- and passively-detected tuberculosis patients 

  
Actively detected 

cases (%) 
Passively detected 

cases (%) 
Unadjusted OR 

(95% CI) 
Sex       
   Male 13 (48) 194 (41) 1 
   Female 14 (52) 279 (59) 1.34 (0.61 – 2.90) 
Age group       
   15-24 4 (15) 118 (25) 1 
   25-34 9 (33) 134 (28) 0.50 (0.15 - 1.68) 
   35-44 7 (26) 142 (30) 0.69 (0.20 - 2.41) 
   45-54 4 (15) 57 (12) 0.48 (0.12 - 2.00) 
   55+ 3 (11) 22 (5) 0.25 (0.05 - 1.19) 
Smear grading       
   scanty 3 (17) 18 (4) 0.26 (0.06 - 1.20) 
   1+ 5 (28) 114 (26) 1 
   2+ 4 (22) 80 (18) 0.88 (0.23 - 3.37) 
   3+ 6 (33) 234 (52) 1.71 (0.51 - 5.72) 
   Only culture 
positive* 9 27   
Patient Category       
   New 20 (74) 297 (63) 1 
   Re-treatment 7 (26) 176 (37) 1.69 (0.70 - 4.08) 
Successful treatment       
   No 4 (20) 94 (20) 1 
   Yes 16 (80) 379 (80) 1.01 (0.33 – 3.09) 
   Initial default 7 Unknown  
Total 27 473  

* Not analysed because cultures were not systematically done in the passively-detected 
cases 
 

 
Passively-detected cases reported the presence of the symptoms cough, 
haemoptysis, night sweats, fever, and weight loss significantly more often than 
those actively detected (Table 3). Furthermore, fewer cases detected by passive case 
detection belonged to the highest income category or used alcohol (Table 3).  
 
Passively- and actively-detected cases did not differ regarding education level, 
smoking behaviour or whether or not they had been in prison (Table 3). In the 
multiple logistic regression model including all the symptoms, only weight loss 
remained significantly different between the two groups (Table 4).  
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Table 2   Characteristics of the interviewed passively-detected cases as compared  
    to all passively-detected cases 

Variable Total 
Patients 

interviewed % Interviewed 
Crude OR  
(95% CI) 

Sex     
   Male 297 64 22 1 
   Female 176 45 26 1.25 (0.81 - 1.94) 
Age group      
   15-24 118 22 19 1 
   25-34 133 32 24 1.38 (0.75 - 2.55) 
   35-44 142 32 23 1.27 (0.69 - 2.33) 
   45-54 59 19 32 2.07 (1.01 - 4.24) 
   55+ 21 4 19 1.03 (0.31 - 3.35) 
Smear grading     
   Smear positive 446 99 22 1 
   Smear negative     
   (culture positive) 

27 10 37 2.06 (0.92 – 4.65) 

Patient category     
   New 297 65 22 1 
   Re-treatment 176 44 25 1.19 (0.77 - 1.84) 
Successfully treated     
   No 93 25 27 1 
   Yes 380 84 22 0.77 (0.46 - 1.30) 
HIV status     
   Negative 279 81 29 1 
   Positive 32 6 19 0.56 (0.22 - 1.42) 
   Unknown 162 22 14  
Total 473 109 23  

 
 
Eighteen (67%) of the 27 actively-detected cases were smear-positive compared to 
446 of the 473 (94%) of the passively-detected cases and 99 of the 109 (91%) 
interviewed passively-detected cases. Three of the 18 (17%) actively-detected 
smear-positive TB patients were initial defaulters. For those who started treatment 
there was no statistical significant difference in successful treatment outcome 
between smear-positive actively-detected cases (80%) and the smear-positive 
passively-detected cases (80%) (OR: 0.99, 95% CI: 0.27 – 3.58).  
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Table 3   Comparison of symptoms and socio-economic status between  
 actively and passively detected TB patients 

  

Actively 
detected cases 

(%) 

Passively 
detected cases 

(%) 
Unadjusted OR  

(95% CI) 
Cough       
   No 11 (41) 17 (16) 1 
   Yes 16 (59) 92 (84) 3.72 (1.47 - 9.39) 
Haemoptysis       
   No 23 (85) 70 (64) 1 
   Yes 4 (15) 39 (36) 3.20 (1.03 - 9.93) 
Night sweats       
   No 16 (59) 33(30) 1 
   Yes 11 (41) 76 (70) 3.35 (1.40 - 7.99) 
Fever       
   No 24 (89) 71 (65) 1 
   Yes 3 (11) 38 (35) 4.28 (1.21 - 15.14) 
Weight loss       
   No 15 (56) 11 (10) 1 
   Yes 12 (44) 98 (90) 11.14 (4.17 - 29.74) 
Education       
   < grade 5 6 (22) 20 (19) 1 
   Grade 5-7 15 (56) 59 (55) 1.18 (0.40 - 3.45) 
   Grade 8-12 6 (22) 29 (27) 1.45 (0.41 - 5.15) 
   Missing 0 1   
Monthly income (ZAR)       
   < 500 15 (56) 75 (69) 1 
   500-999 3 (11) 17 (16) 1.13 (0.29 - 4.36) 
   1000 or more 9 (33) 16 (15) 0.36 (0.13 - 0.95) 
   Missing 0 1   
Ever smoked    
   No 4 (15) 11 (10) 1 
   Yes 23 (85) 98 (90) 1.55 (0.45 – 5.31) 
Alcohol use    
   No 11 (41) 71 (65) 1 
   Yes 16 (59) 38 (35) 0.37 (0.16 – 0.87) 
Stayed in prison    
   No 21 (78) 70 (64) 1 
   Yes 6 (22) 39 (36) 1.89 (0.65 – 5.53) 
Total 27 109  
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Table 4   Multiple logistic regression analysis of symptoms among actively and  
    passively detected cases  
Symptom OR (95% CI) 
Cough 1.73 (0.55 - 5.4) 
Haemoptysis 1.64 (0.45 - 6.0) 
Night sweats 1.75 (0.62 - 4.9) 
Fever 1.63 (0.40 - 6.6) 
Weight loss  7.2 (2.5 - 20) 

 
 
All 99 interviewed smear-positive passively-detected cases were symptomatic 
(having at least one of the five symptoms) compared to 78% of the smear-positive 
actively-detected cases. Of all the symptoms only the presence of weight loss was 
significantly different (OR: 14.22, 95% CI: 4.38 – 46.16) between actively- (44%) and 
passively-detected (92%) cases. 
 
 
Discussion 
 
Passive case finding of TB cases may lead to delay in diagnosis and treatment and 
thus contribute to the transmission of TB. In this survey for TB we actively 
screened 15% of a community for TB and we detected a considerable number of 
additional TB cases: if we had done the survey in the total community we would 
have detected approximately 180 additional TB cases of whom approximately 120 
would have been smear positive. We estimate that 107 of the bacteriologically 
positive cases would have been successfully treated (80 of the smear positive 
cases). This is a significant number of cases compared to the total case load of 
approximately 260 pulmonary TB cases (200 smear positive cases) that are detected 
per year.  
 
Treatment outcomes did not differ between actively- and passively detected TB 
cases, but actively-detected TB patients experienced a high initial default rate 
(26%). The high initial default rate among actively-detected TB cases may be due to 
a lack of motivation to start treatment because the absence of symptoms. Three of 
the seven initial defaulters started treatment 4 to 14 months after diagnosis, 
probably only when the disease progressed and symptoms got worse. For 
passively-detected TB cases we only had information on the treatment outcome 
once treatment was started and we could therefore not report on the proportion of 
initial defaulters. Other studies reported an initial default rate of 8% to 15% in the 
National TB Program (8, 9). In a study that investigated the use of a sputum 
register in the Stellenbosch region of the Western Cape Province in South Africa an 
initial default rate of 18% was found among passively detected cases (Botha, 
unpublished data). Weight loss may be the strongest reason to seek health care and 
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treatment as this symptom was experienced by 90% of the passively-detected TB 
cases.  
 
Actively-detected TB cases were more often in the highest income category than 
passively-detected TB cases. A higher income may mean that actively-detected TB 
cases have jobs more often than passively-detected cases and that they therefore 
have less time to visit the clinic. Alternatively they may have health insurance 
because of their higher income and visit private health care which may lead to 
delay in treatment. Actively- detected TB cases more often used alcohol compared 
to passive TB cases but this was not related to initial default.  
 
The results of our study support those from community surveys performed in 
India and Nepal where actively-detected cases were less symptomatic and less 
infectious than passively-detected patients (10, 11). These studies also showed a 
high initial default rate among actively-detected TB cases but contrary to our study 
they found that passively-detected TB cases experienced better treatment outcomes 
than actively-detected cases (10, 11). Other studies compared active case detection 
by symptom or chest radiographic screening of high-risk groups with passive case 
detection (12-14). These studies documented that patients who were actively-
detected were more frequently asymptomatic or had a shorter duration of 
symptoms than passively-detected cases. In two of these studies treatment 
outcomes did not differ between cases detected by screening and cases detected 
passively (12, 13) and in the third study treatment outcomes were not reported 
(14).  
 
Active case finding by a community survey is an expensive and time-consuming 
method of case detection and studies need to determine the cost-effectiveness of 
such an intervention. Enhanced methods of case detection such as screening of 
household contacts or high risk sub-groups such as HIV infected individuals may 
be a cheaper alternative to systematic testing of all individuals in a community as 
we did in this survey.   
 
The power of our study was limited by small numbers as we could include only 27 
actively-detected cases. Nonetheless we were still able to show differences between 
actively- and passively-detected cases. The sub-sample of only smear-positive 
cases was too small to show significant differences between actively- and 
passively-detected cases in treatment outcomes or symptoms, except for weight 
loss. A further limitation is that actively-detected cases were interviewed before 
they knew they had TB while passively-detected cases were interviewed soon after 
diagnosis. This could have led to recall bias as the passively-detected cases could 
have remembered and reported their TB related symptoms better than the actively-
detected cases. Another limitation of this study is that the actively-detected cases 
were diagnosed and interviewed in 2002 while the passively-detected patients 
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were diagnosed and interviewed in 2004 and 2005. However, since the period 
between the community survey and the data collection for the passively-detected 
patients was short we do not expect any bias. We used convenience sampling for 
the passively-detected cases. This could have introduced a bias as we studied only 
the cases that were easy to approach and they may have had different 
characteristics than the other cases. However, the comparison of interviewed and 
not interviewed passively-detected cases did not show large differences between 
the two groups.  
 
 
Conclusion 
 
This study shows that active case detection results in earlier detection and 
treatment of TB cases than passive case detection thereby reducing transmission of 
M. tuberculosis in the community. However, the actively-detected cases were less 
symptomatic and probably had less severe disease. Although the TB cases detected 
by the community survey had similar treatment outcomes as TB cases detected in 
the TB program, they experienced a high initial default rate. The cost-effectiveness 
of community surveys for TB case detection needs to be further investigated.  
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Summary 
 
Background: Associations between smoking and tuberculosis disease including 
death from tuberculosis have been reported, but there are few reports on the 
influence of smoking on the risk of developing Mycobacterium tuberculosis infection. 
The aim of this study was to determine the association between smoking and M. 
tuberculosis infection.  
Methods: In a cross-sectional population survey, data on smoking and tuberculin 
skin test (TST) results of 2401 adults aged >=15 years were compared. 
Results: A total of 1832 (76%) subjects had a positive TST (>=10 mm induration). Of 
1309 current smokers or ex-smokers, 1070 (82%) had a positive TST. This was 
significantly higher than for never smokers (unadjusted OR 1.99, 95% confidence 
interval (CI): 1.62 to 2.45). A positive relationship with pack-years was observed, 
with those smoking more than 15 pack-years having the highest risk (adjusted OR 
1.90, 95% CI: 1.28 to 2.81).  
Conclusion: Smoking may increase the risk of M. tuberculosis infection.  
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Introduction  
 
In a recent large epidemiological study, 50% of deaths from tuberculosis among 
Indian men was attributed to smoking.1 While an association between smoking 
and tuberculosis disease has been shown in various studies,2-7 it is less clear to 
what extent smoking increases the risk of Mycobacterium tuberculosis infection, the 
risk of progression from infection to disease, or the risk of death among 
tuberculosis patients.  
 
We report here a population survey conducted in two urban communities in Cape 
Town, South Africa that provides evidence that smoking may increase the risk of 
tuberculosis infection. The study area in which we have performed 
epidemiological research for more than 10 years has a population of 36,334 and 
97.9% are of mixed ethnicity (categorised as ‘coloured’; Statistics South Africa: 
Census 2001). The tuberculosis notification rate in the area is 238 new smear-
positive cases per 100,000 population per year (1993 – 1998),8 and the prevalence of 
human immunodeficiency virus (HIV) infection is estimated to be lower than the 
overall rate for the Western Cape province at the time of the survey (12.4% (8.8%–
15.9%) in 2002).9
 
 
Methods   
 
A random sample of 15% of the residential addresses was selected. Of the 833 
selected addresses, the head of the household of 218 (26%) addresses declined to 
participate. These addresses were replaced by neighbouring addresses according 
to fixed rules. Written informed consent was obtained from every adult (<=15 
years) and the study was approved by the research ethics committees of 
Stellenbosch University and the University of Cape Town. 
 
Data collection methods included a tuberculin skin test (TST) and a precoded 
questionnaire with questions on smoking. For the TST we used an intradermal 
injection of 2 TU (0.1 ml) PPD RT 23 into the ventral aspect of the left forearm. The 
induration was measured 48 - 72 hours later. 
 
Smoking was defined as having ever smoked for at least one year. The average 
number of cigarettes smoked per day was recorded for ex-smokers and current 
smokers. The number of pack-years smoked was calculated as the average number 
of cigarettes smoked per day multiplied by the duration of smoking divided by 20. 
Infection with M. tuberculosis was defined as a TST of 10 mm or more, referred to as 
a positive TST. The 10 mm cut-off point is conventionally used and appeared 
justified in this population since intermediate reactions to TST, usually attributed 
to environmental mycobacteria, were uncommon (Figure 1).  
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Figure 1   Distribution of induration of tuberculin skin test in 2401 adults 
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The following potential confounders were considered: age, sex, education level, 
body mass index (BMI), and individual monthly income. The possible interactions 
between pack-years and the variables age and sex were investigated. Odds ratios 
(OR) and their 95% confidence intervals (95% CI) were determined to identify risk 
factors, and random effects logistic regression was used to control for confounding 
as well as for possible clustering at the address level.  
 
 
Results  
 
Of 3,512 adults who completed the questionnaire, a TST result was recorded in 
2,443 (70%). Data on smoking habits were incomplete in 42 individuals so analyses 
were performed on 2401. Compared with subjects excluded from the analyses, 
those included were less often male (unadjusted OR=0.57, 95% CI: 0.49 to 0.65), 
were less often current or ex-smokers (unadjusted OR=0.82, 95% CI: 0.70 to 0.94) 
and fewer had an income above 2,000 Rand (300 US$) (unadjusted OR=0.62, 95% 
CI: 0.51 to 0.76).  
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Of the 2,401 adults analysed, 1832 (76%) had a positive TST and 1,309 (55%) were 
current or ex-smokers; 82% (n = 1070) of the 1,309 current or ex-smokers had a 
positive TST compared with 70% (n = 762) of the 1,092 never smokers (unadjusted 
OR=1.99, 95% CI: 1.62 to 2.45). Men were more likely to have a positive TST than 
women (unadjusted OR=1.34, 95% CI: 1.08 to 1.65; Table 1). A positive TST was 
more common in the 25 – 44 year age group than in other age groups. The 
proportion of individuals with a positive TST increased with income, but not with 
education level or BMI (data not shown).  
 
 
Table 1   Risk factors for M. tuberculosis infection  
     Odds ratio 

  
TST >= 
10 mm Total 

% TST 
>= 10 
mm 

Unadjusted 
(95% CI) 

*Adjusted  
(95% CI) 
n = 2328 

Packyears      
   0 769 1102 70 1 1 
   >0 to <5 443 550 81 1.86 (1.42 - 2.43) 1.77 (1.33 - 2.35) 
   5 to <15 343 407 84 2.39 (1.74 - 3.29) 1.77 (1.25 - 2.50) 
   ≥15 236 288 82 2.00 (1.40 - 2.84) 1.90 (1.28 - 2.81) 
   Unknown 41 54 76   
Gender      
   Female 1100 1477 74 1 1 
   Male 731 923 79 1.34 (1.08 - 1.65) 1.24 (0.99 - 1.56) 
   Unknown 1 1 100   
Age (years)      
   15-24 432 651 66 1 1 
   25-34 444 498 89 4.47 (3.14 - 6.37) 4.30 (3.00 - 6.17) 
   35-44 412 484 85 3.16 (2.28 - 4.37) 2.82 (2.00 - 3.99) 
   45-54 263 330 80 2.11 (1.50 - 2.97) 1.96 (1.35 - 2.85) 
   55 or older 264 408 65 0.88 (0.66 - 1.18) 0.88 (0.64 - 1.22) 

Unknown 17 30 57   
Income (Rands)**     
   <500 804 1088 74 1  
   500-1999 685 893 77 1.18 (0.94 - 1.48)  
   >=2000 315 381 83 1.93 (1.38 - 2.68)  
   Unknown 28 39 72   
Total 1832 2401    

* Adjusted for pack years, age, gender and taking into account possible clustering at address 
level. 
** Rands: R6.50=USD1 
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In the multiple logistic regression analyses, income and sex did not confound the 
association between smoking and infection. However, as sex was associated with 
smoking and with having a positive TST, it was retained in the model. The 
association between infection and pack-years smoked was not significantly 
different for the different age and sex strata. After adjusting for age and sex, there 
was a significant association between smoking and a positive TST (adjusted 
OR=1.77, 95% CI: 1.41 to 2.21). The probability of a positive TST seemed to increase 
slightly with the number of pack-years smoked, although the differences between 
the different pack-year categories were not significant (Table 1). 

 
 
Discussion 
 
This study shows that current or ex-smokers had a higher prevalence of M. 
tuberculosis infection than never smokers and that there was a slightly higher risk 
of  infection for those who smoked more than 15 pack-years than for those who 
smoked less, although this was not significant. This suggests that the increased risk 
of disease and death from tuberculosis among smokers may be due, at least in part, 
to an increased risk of smokers becoming infected with M. tuberculosis.  
 
An unexpected finding was the positive association between a positive TST and 
income. It should be noted, however, that the mean incomes in the study area are 
low, and that the categorisation threshold used in the analyses identifies only the 
poorest in the community. Nevertheless, the reason for their lower TST rates 
requires further study, including the possibility of lower risk of exposure through 
fewer social contacts.  
 
Our study confirms previous studies that showed an association between smoking 
and tuberculosis infection in at risk groups.3, 10-14 For example, in an immigrant 
population Plant et al.10 reported a higher risk of infection amongst smokers which 
increased with duration of smoking. In contrast to previous studies investigating 
specific high risk groups,10-14 the current study is the first to investigate the 
association between smoking and tuberculosis infection in a cross sectional 
population survey in a high incidence community. 
 
The reason for the increased risk of infection in smokers is unclear, but may be 
explained by the effects of smoking on pulmonary host defences. Smoking has 
been shown to reduce natural killer cytotoxic activity, to suppress T cell function in 
both lung and blood, to impair mucociliary clearance of particles, and to increase 
numbers of alveolar macrophages in the lower respiratory tract. Cells of the 
macrophage-phagocytic group influence immediate or innate immunity through 
their handling and elimination of mycobacteria and products of cigarette smoke 
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may therefore favour persistence and/or replication of ingested mycobacteria by 
impairing the macrophage or dendritic cell function.15, 16

 
To take possible sources of bias into account we have considered the following. 
Men and persons in the highest income category are under-represented, but this is 
unlikely to be of significance as neither sex nor income was a confounder for the 
association between smoking and positive TST. Smokers and ex-smokers were also 
slightly under-represented but still comprised 55% of the sample, and we can see 
no reason to assume that the smokers who had undergone a TST might be different 
from those who had not. A weakness of the study is that we did not test the HIV 
status of participants and were therefore not able to correct for HIV status. 
Confounding factors that were taken into consideration were individual monthly 
income, BMI and education level. However, we cannot entirely discount the 
possibility that socioeconomic and behavioural differences other than smoking 
may have affected the relationship between smoking and tuberculosis infection.  
 
We conclude that smoking may increase the risk of M. tuberculosis infection. We 
propose that further studies be conducted to investigate this association and to 
establish whether smoking reduction strategies contribute to tuberculosis control.  
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Summary 
  
Objective: Tuberculosis and smoking are both significant public health problems. 
The association between passive smoking and Mycobacterium tuberculosis infection 
is not well documented. The objective of this study was to examine the influence of 
passive smoking on M. tuberculosis infection in children. 
Methods: A community survey was conducted in 15% of addresses in 2 adjacent 
low-income suburbs in Cape Town, South Africa. All children (<15 years of age) 
and their adult household members residing at these addresses were included in 
the study. Children underwent tuberculin skin testing. An induration of >= 10 mm 
was considered to define M. tuberculosis infection. Passive smoking was defined as 
living in the household with at least 1 adult who smoked for at least 1 year. 
Random-effects logistic regression analysis was performed, and odds ratios were 
adjusted for age, presence of a patient with tuberculosis in the household, average 
household income, and clustering at the household level. 
Results: Of 1344 children, 432 (32%) had a positive tuberculin skin test. Passive 
smoking was significantly associated with M. tuberculosis infection in the 
unadjusted analyses but not in the adjusted analyses. In the 172 households with a 
patient with tuberculosis, passive smoking was significantly associated with a 
positive tuberculin skin test but not in the 492 households without a patient with 
tuberculosis. 
Conclusions: Passive smoking is associated with M. tuberculosis infection in children 
living in a household with a patient with tuberculosis. More studies are needed to 
confirm this observation, but the possible association is a cause of great concern, 
considering the high prevalence of smoking and tuberculosis in most developing 
countries. 
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Introduction 
 
Recently, we reported that cigarette smoking is associated with Mycobacterium 
tuberculosis infection in adults,1 a finding confirmed in several other studies.2-6 Few 
studies have investigated the association between environmental tobacco smoke 
exposure (passive smoking) and M. tuberculosis infection. 
 
Passive smoking may have particularly harmful effects in children compared with 
adults because children’s respiratory and immune systems are not fully developed. 
7-10 In addition, children spend more time at home and are, therefore, likely to 
experience more intense and prolonged smoke exposure if adult household 
members smoke. Passive smoking increases a child’s risk to develop asthma, 
bronchitis, pneumonia, otitis media, and sudden infant death syndrome and to 
undergo procedures such as tympanostomies, tonsillectomies, and 
adenoidectomies.7, 11-13 At present, there is insufficient information to establish 
whether there is an association between passive smoking and M. tuberculosis 
infection in children. We conducted a cross-sectional community survey allowing 
an assessment of the association between M. tuberculosis infection and passive 
smoking in children. We hypothesized that passive smoking was associated with 
M. tuberculosis infection in children. 
 
 
Methods 
 
Study area and study population 
The study was performed in 2 adjacent urban low-income to middle-income 
communities (Ravensmead and Uitsig) in Cape Town, South Africa with a 
population of 36,334 in 2001.14 The tuberculosis notification rate was 341 per 
100,000 for new smear-positive TB and 841 per 100,000 for total adult TB 
(pulmonary and extra-pulmonary TB) in 2002.14,15 Childhood TB cases comprise 
approximately 18% of the total TB case load.16 The prevalence of human 
immunodeficiency virus (HIV) infection in antenatal women in the district in 
which Ravensmead and Uitsig are located increased from 7.9% in 2001 to 15.1% in 
2004.17  

 
Data collection 
This study was part of a comprehensive lung-health survey and was conducted 
between July 1 and December 15, 2002. Eight hundred thirty-seven (15%) 
residential addresses were selected randomly from a Geographical Information 
System containing the exact location of all 5592 addresses in the study area. If the 
head of the address did not give consent, the adjacent address was selected, first to 
the right and then to the left. All residents living at the selected addresses were 
eligible for participation in the study. Signed informed consent was obtained from 
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all adult (>= 15 years of age) participants and from the parents or legal guardians 
of the children (< 15 years of age). All children received an intradermal tuberculin 
skin test (TST) of 2 TU (0.1 ml) purified protein derivative RT 23 on the ventral 
aspect of the left forearm.18 The induration was measured after 48 to 120 hours by 
trained nurses. A reaction of >= 10 mm was considered to represent M. tuberculosis 
infection. All adult household members completed a questionnaire containing 
questions on smoking behavior, income, and past diagnosis of tuberculosis.  
 
Statistical analysis 
Passive smoking was defined as living in the household with at least 1 adult who 
smoked for at least 1 year. Average income of the adult household members was 
calculated as the total income of all household members together, divided by the 
number of adult household members. Children who were active smokers and 
children for whom no data on passive smoking was available were excluded from 
the analysis. A random-effects logistic regression was used to model M. tuberculosis 
infection on passive smoking. The clustering at the household level was accounted 
for by including household as the random effect in the model. Unadjusted and 
adjusted odds ratios (ORs) and their 95% confidence intervals (CIs) were 
estimated. Confounding factors that were taken into consideration were age of the 
child, average income of the adult household members, and the presence of a 
patient with TB in the household. We also used a random-effects logistic regression 
model to determine the association between M. tuberculosis infection in children 
and the number of smokers in the household and the average number of cigarettes 
smoked per day in the household. Separate analyses were conducted for children 
living in households where at least 1 of the adults ever had TB and for children 
living in households where none of the adults ever had TB. The TST distributions 
of children who had the induration measured after 48 to 72 hours and those who 
had it measured after 96 to 120 hours were compared by using the Mann-Whitney 
test. 
 
Ethics approval was obtained from Stellenbosch University and the University of 
Cape Town. The study was conducted in accordance with the ethical standards of 
the World Medical Association’s Helsinki Declaration. 
 
 
Results 
 
A total of 1811 children were eligible for the study. For 1593 (88%) children, 
consent was obtained from the parents or legal caregivers. Three children were 
excluded because no data on passive smoking was available, and 220 children 
were excluded because the TST was not done or read within 48 to 120 hours. There 
was no difference in TST size distribution between those who had the indurations 
read between 48 and 72 hours and those who had it read up to 120 hours after 
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administration (p=0.4242). Therefore, all children with TST read between 48 and 
120 hours were used in the analyses. Twenty-six children were excluded from the 
analyses because they were active smokers. All these children were also passive 
smokers. A total of 1344 (84%) of 1593 children from 664 households were included 
in the analyses. The children who were included in the analyses did not differ in 
sex or age from the children who were not included in the analyses or those for 
whom no consent was obtained (Table 1).   
 
Table 1   Characteristics of children who were sampled and children who were   
    included in the analyses 

  
Total 

Sampled Included % Included OR (95% CI) 
Sex     
   Male 899 679 76 1 
   Female 909 665 73 0.88 (0.71 - 1.09) 
   Missing 3 0 0   
Age     
   0 - 4 y 561 415 74 1 
   5 - 9 y 638 490 77 1.16 (0.90 - 1.52) 
   10 - 14 y 610 439 72 0.90 (0.70 - 1.17) 
   missing 2 0 0   
 Total 1811 1344 74  

 
 
Four hundred thirty-two children (32%) had a TST induration of >=10 mm. Older 
children were more often infected than younger children (Table 2). A total of 1170 
(87%) children were passive smokers in the household, and these children more 
often had a positive TST (34%) than children who were not passive smokers (21%) 
(unadjusted OR: 1.89, 95% CI: 1.24 – 2.86). However, the significance of this finding 
was not maintained after adjustment for the age of the child, the average income of 
all adults in the household, and the presence of a patient with TB in the household 
(OR 1.35, 95% CI: 0.86 – 2.12) (Table 2). There was a significant relationship 
between M. tuberculosis infection in children and both the number of smokers in 
the household (OR for each additional smoker: 1.12, 95% CI: 1.03 – 1.20) and the 
number of cigarettes smoked per day in the household (OR for each additional 
cigarette: 1.009, 95% CI: 1.003 – 1.014). However, this was no longer significant 
after adjustment for the variables age of the child, average income of the adults in 
the household, and the presence of a patient with TB in the household (adjusted 
OR for each additional smoker: 1.03, 95% CI: 0.94 – 1.13) and the number of 
cigarettes smoked per day in the household (OR for each additional cigarette: 
1.005, 95% CI: 0.999 – 1.011).  
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Table 2   Risk factors for Mycobacterium tuberculosis infection in children < 15  
    year 

  Total 
>= 10 
mm 

% >= 
10 mm 

Unadjusted OR 
(95% CI) 

Adjusted OR 
(95% CI) 

Smoker in dwelling      
   0 174 37 21 1 1 
   >=1 1170 395 34 1.89 (1.24 - 2.86) 1.35 (0.86 - 2.12) 
       
Age group      
   0-4 415 78 19 1 1 
   5-9 490 161 33 2.11 (1.57 - 2.84) 2.13 (1.57 - 2.89) 
   10-14 439 193 44 3.39 (2.46 - 4.67) 3.60 (2.59 - 5.00) 
       
Average monthly 
income adults       
   < 500 Rand* 246 93 38 1 1 
   500-999 Rand 511 182 36 0.91 (0.63 - 1.32) 0.89 (0.60 - 1.32) 
   1000 - 1999 Rand 386 118 31 0.72 (0.49 - 1.07) 0.79 (0.53 - 1.18) 
   >= 2000 Rand 199 39 20 0.40 (0.25 - 0.65) 0.47 (0.28 - 0.77) 
    Missing 2 0    
      
TB contact      
   No 943 253 27 1 1 
   Yes 401 179 45 2.20 (1.63 - 2.96) 2.01 (1.46 - 2.77) 
Total 1344 432 32   

* 1 USD ~ 6 South African Rand 
 
 
Passive smoking was significantly associated with a positive TST in the 172 
households with a patient with TB (adjusted OR: 4.60, 95% CI: 1.29 – 16.45) but not 
in the 492 households without a patient with TB (adjusted OR: 1.20, 95% CI 0.75 – 
1.93) (Table 3 and 4). The OR for the interaction term of presence of smoker and 
presence of a patient with TB in the household was 4.09 (95% CI: 0.95 – 17.54; p = 
0.058). In the analysis stratified by the presence of a patient with tuberculosis in the 
household, we could not detect a quantitative effect for the number of smokers in 
the household or for the average number of cigarettes smoked per day in the 
households.  
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Table 3   Risk factors for Mycobacterium tuberculosis infection in children < 15  
   year if a TB case had lived in the dwelling 

  Total 
>= 10 
mm 

% >= 
10 mm 

Unadjusted OR 
(95% CI) 

Adjusted OR 
(95% CI) 

Smoker in dwelling      
   0 13 2 15 1 1 
   >=1 388 177 46 4.61 (1.15 - 18.47) 4.60 (1.29 - 16.45) 
       
Age group      
   0-4 120 32 27 1 1 
   5-9 151 72 48 2.51 (1.50 - 4.19) 2.46 (1.45 - 4.19) 
   10-14 130 75 58 3.75 (2.12 - 6.63) 4.02 (2.25 - 7.18) 
       
Average monthly 
income adults      
   < 500 Rand* 93 46 50 1 1 
   500-999 Rand 197 86 44 0.79 (0.44 – 1.43) 0.89 (0.46 - 1.71) 
   1000 - 1999 Rand 85 42 49 1.00 (0.53 – 1.88) 1.21 (0.57 - 2.58) 
   >= 2000 Rand 26 5 19 0.24 (0.09 – 0.69) 0.28 (0.10 - 0.79) 
       
TB contact      
   1 306 126 41 1  
   >=2 95 53 56 1.80 (1.04 – 3.12) 1.91 (1.00 - 3.67) 
Total 401 179 45   

* 1 USD ~ 6 South African Rand 
 
 
Discussion 
 
Passive smoking was not in general associated with M. tuberculosis infection. 
However, a stratified analysis by households with a patient with TB demonstrated 
a significant association between passive smoking and M. tuberculosis infection. 
This finding suggests that passive smoking may increase the risk to acquire M. 
tuberculosis infection, given household exposure to an adult index case. The 
association is a cause of great concern, because in many developing countries with 
a high burden of tuberculosis, the prevalence of smoking is rapidly increasing, 
especially among women.19, 20   

 



Chapter 8 
 

 110

Table 4   Risk factors for Mycobacterium tuberculosis  infection in children < 15  
   year if there was never a TB case living in the dwelling  

  Total 
>= 

10mm 
% >=10 

mm 
Unadjusted OR 

(95% CI) 
Adjusted OR 

(95% CI) 
Smoker in dwelling      
   0 161 35 22 1 1 
   >=1 782 218 28 1.39 (0.89 - 2.18) 1.20 (0.75 - 1.93) 
       
Age group      
   0-4 295 46 16 1 1 
   5-9 339 89 26 1.93 (1.33 - 2.80) 1.96 (1.35 - 2.86) 
   10-14 309 118 38 3.34 (2.24 - 4.99) 3.47 (2.32 - 5.19) 
       
Average monthly 
income adults      
   < 500 Rand* 153 47 31 1 1 
   500-999 Rand 314 96 31 0.99 (0.61 - 1.61) 0.94 (0.56 - 1.58) 
   1000 - 1999 Rand 301 76 25 0.76 (0.47 - 1.24) 0.72 (0.43 - 1.20) 
   >= 2000 Rand 173 34 20 0.55 (0.31 - 0.97) 0.51 (0.29 - 0.92) 
Total 943 253 27   

* 1 USD ~ 6 South African Rand 
 
 
In 1995, 58% of men and 59% of women from the ethnic group that we studied 
were smokers.21 In our study, 87% of the children experienced passive smoking at 
home, which is higher than was reported by Reddy et al, who found that 67% of 
children had at least one household member who smoked.21 The difference may be 
explained by the fact that we included current smokers as well as ex-smokers.  
However, we think that few smokers in this community stop smoking. The high 
proportion of women who smoke is of particular concern because they do expose 
their children to tobacco smoke. 
 
Passive smoking might affect the immune system of the child, thus increasing the 
risk of getting infected. Exposure to tobacco smoke leads to alterations in the 
epithelial function, such as reduced mucociliary activity, decreased clearance of 
inhaled substances, and abnormal vascular and epithelial permeability.3,22-25 
Furthermore, smoking can change the amount, consistency and permeability of the 
mucous.3,26,27 The number of alveolar macrophages increases because of tobacco 
smoke exposure, but their ability to phagocytose and/or kill bacteria decreases.28-30 
As a result, the innate immunity of the lung is compromised, and it is easier for 
infectious agents to reach the alveolar tissue. T cells are highly susceptible to 
cigarette smoke, which could impair their cytotoxic capacity to fight infections.26 



Passive smoking and Mycobacterium tuberculosis infection in children 

 
 

 111

Furthermore, cigarette smoking is associated with reductions in serum 
immunoglobulins, T-lympocyte helper/suppressor cell ratios, and natural killer 
cytotoxic activity,31-33 which may result in a decreased immune response of the 
body to M. tuberculosis infection.  
 
Few other studies have looked at the association between passive smoking and M. 
tuberculosis infection. Kuemmerer and Comstock34 noted that tuberculin reactions 
were larger in children where both parents smoked. A study in India reported a 
relative risk of 2.68 (95% CI: 1.52 – 4.71) for M. tuberculosis infection in children 
under the age of 5 years who lived with an adult patient with TB and who were 
exposed to environmental tobacco smoke compared with children who were not 
exposed to environmental tobacco smoke.35 Multivariate analysis included sputum 
positivity of the index case and malnutrition of the child, but no adjustments were 
made for socioeconomic status, which may have biased the results. Current 
smoking status of the TB index case was a significant univariate risk factor for 
tuberculosis infection in adult and child contacts in a study by Gerald et al.36 
However, they excluded smoking from their final model because of small 
numbers. 
 
Our study has some limitations. In the analysis on the subgroup of children who 
were exposed to a patient with TB in the household, the number of children 
without a smoker in the household was very small. Although the odds ratio was 
large, suggesting that there is an association between passive smoking and M. 
tuberculosis infection, the small sample size is reflected in a wide CI and, therefore, 
we must interpret the findings with caution. Smoking status was based on self-
reporting and might have been influenced by reporting bias. We did not measure 
biological markers such as urine cotinine levels to confirm exposure to tobacco 
smoke. Another possible bias is that smoking households may differ from 
nonsmoking households in aspects other than the smoking of tobacco. We tried to 
control for socioeconomic status by adjusting for average income. Education and 
crowding were not significantly associated with M. tuberculosis infection and were, 
therefore, not included in the analyses. We could not adjust for nutritional status. 
We did control for the presence of a patient with TB in the household because it is 
an important confounder because smokers are more likely to have TB than 
nonsmokers.37-39 Cough in heavy smokers can also lead to delay in the diagnosis of 
tuberculosis, resulting in more time to transmit the disease. Patients with TB who 
smoke might also be more infectious because of more coughing. The TST as a 
measure of TB infection has its limitations. Small indurations may be because of 
exposure to environmental mycobacteria and/or cross-reactivity because of BCG. 
However, we do not think environmental mycobacteria are highly prevalent in the 
study area as we found an unimodal distribution of TST responses with hardly any 
small indurations. Furthermore, tuberculin reactivity after BCG vaccination is 
primarily affected by age at vaccination. If the vaccine is given in infancy, as is the 
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case in our communities, tuberculin reactions wane rapidly in all individuals.40,41 
Therefore, we think that the cut-off point of 10 mm used to indicate M. tuberculosis 
infection is justified in children from this population.  
 
 
Conclusion 
 
Although passive smoking, in general, was not associated with M. tuberculosis 
infection, passive smoking was significantly associated with M. tuberculosis 
infection in the stratified analysis by households with a patient with TB. More 
studies are needed to confirm this observation, but the possible association is a 
cause of great concern considering the high prevalence of smoking and 
tuberculosis in most developing countries.  
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Summary 
 
Background: The role of genetic factors in developing clinical tuberculosis is 
increasingly recognized but it is unclear how such factors regulate the immune 
response to Mycobacterium tuberculosis infection in healthy individuals.  
Objective: In this study we aimed to investigate whether the size of the tuberculin 
skin test (TST) induration may have a genetic component. We compared the 
variance in TST induration in siblings with the variance in TST induration in non-
related children.  
Methods: In a prevalence survey of tuberculosis we randomly sampled 15% of 
residential addresses in a community in Cape Town, South Africa. All children 
living at these addresses had a TST. Sibling correlation of the intensity of the 
tuberculin response was calculated. We excluded children with a TST of 0 mm.  
Results: We included 498 children 0-14 years of age. The sibling intraclass 
correlation coefficient was 0.42 (95% CI: 0.28 – 0.55). After adjustment for age, sex, 
and Bacille Calmette-Guérin (BCG) scar status the sibling intraclass correlation 
coefficient was 0.43 (0.30 – 0.56). Including only the children who lived in a 
dwelling where a TB patient had lived the intraclass correlation was 0.42 (0.22 – 
0.61).  
Conclusion: These data showed a strong familial aggregation of tuberculin response 
in this population which suggests a genetic regulation of tuberculin reactivity.  
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Introduction 
 
Approximately one third of the world population is infected with Mycobacterium 
tuberculosis. It is estimated that about 90% of infected people will never develop 
tuberculosis (TB) (1). Their immune system is apparently capable of containing the 
infection indefinitely. The reason why some people progress to TB disease after 
infection but others do not is not clear. It is thought to be a complex interplay 
between virulence of the TB strain, environmental characteristics, and host 
characteristics (2-4). The role of genetic factors in the development of clinical 
tuberculosis is increasingly recognized although published studies have been 
inconclusive and results sometimes conflicting (5-10). In addition, susceptibility of 
the host to clinical tuberculosis may be determined, in part, by the genetic 
predisposition of the host to infection but this has been difficult to demonstrate. 
 
The Ravensmead and Uitsig communities in Cape Town, South Africa have a very 
high incidence of tuberculosis. The notification rate was 341 per 100,000 for new 
smear-positive TB and 841 per 100,000 for total adult TB (pulmonary and extra-
pulmonary TB) in 2002 (11, 12). This high TB incidence cannot be explained 
completely by a high HIV prevalence in the community. Voluntary counselling 
and testing (VCT) data from the two clinics in Ravensmead and Uitsig indicate that 
13% of TB patients were HIV positive in 2004/2005. As the prevalence of HIV 
among TB patients is estimated to be 6 times higher than among the general 
population (13) we estimate that the prevalence of HIV among the adults in our 
community was approximately 2% in 2004/2005. The high incidence of TB could 
possibly be partly due to a genetic predisposition of this population to tuberculosis 
infection or disease. The frequency distribution of tuberculin skin test (TST) 
induration shows a very narrow TST distribution and no effect of environmental 
mycobacteria. Using tuberculin skin test (TST) induration as a proxy for latent 
tuberculosis infection, we hypothesise that should there be a genetic component to 
the immune response after M. tuberculosis infection, the TST response of related 
individuals within a family will show significant correlation.  
 
 
Methods 
 
Sample selection 
A cross sectional community-based survey was carried out between July and 
December 2002. We selected a 15% sample of residential addresses using a 
geographical information system including the location of all addresses in the 
study area. Trained field workers enumerated the adults and children at each of 
the 837 residential addresses selected. The head of the household refused 
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participation of the family at 214 addresses (26 %) and these households were 
systematically replaced by neighboring addresses. All children (0-14 years) were 
eligible for participation in the study reported here. We obtained written informed 
consent from the parent or the legal guardian of the children. Details of the study 
have been described elsewhere (14). 
 
Measurements 
Trained field nurses performed tuberculin skin testing (TST) by intra-dermal 
injection of 2 tuberculin units (TU) of M. tuberculosis from a single batch of PPD 
RT23 (Statens Serum Institut, Copenhagen, Denmark) on the volar aspect of the left 
forearm. The largest transverse diameter of induration was measured with a 
caliper to the nearest 0.1mm. All children were checked for the presence of a Bacille 
Calmette-Guérin (BCG) vaccination scar on the shoulders.  
 
Statistical analysis 
Data analyses were carried out with Stata version 8.0 and SPSS version 14.0. We 
defined a siblingship as two or more children living in the same dwelling and 
having the same surname. Analyses were done on all children 0-14 years old with a 
measurable TST induration (TST >=1 mm). As this inclusion criterion might have 
included some children without M. tuberculosis infection we explored the 
sensitivity of our findings to this 1mm cut-off value and also did sub-analyses 
excluding children with a TST <5mm, <10mm and <15mm. Sub-analyses were also 
done on children who lived in a dwelling where a TB patient had lived. Intraclass 
correlation coefficients (Fisher’s rho) were calculated to compare the within-family 
TST induration with the between-family TST induration. We adjusted the 
intraclass correlation coefficient for the possible confounding factors age, sex and 
BCG status. 
 
Ethical approval was obtained from the Committee for Human Research, Faculty 
of health Sciences, Stellenbosch University and the University of Cape Town. The 
City of Cape Town Health Department and the local health authorities gave 
permission for the study.  
 
 
Results 
 
In total, 1,593 children and 3,483 consenting adults were enumerated at the 837 
selected addresses, corresponding to a total of 1103 dwellings. Thus several 
addresses corresponded to more than one dwelling on the plot. A total of 1,753 
families lived in these dwellings. On average there were 4.6 (range 1-19, IQR= 3-6) 
people (adults and children) per dwelling and 2.9 (range 1-18, IQR= 1-4) people per 
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family. A TST induration >=1mm was recorded in 498 (31%) of the 1,593 children 
and of these, 240 were in a sibship. The average number of children with a TST >= 
1mm in the household was 1.5 (median 1, range 1-6). The mean TST induration 
was not different when comparing those with and those without a BCG scar but 
was higher when comparing those without a BCG scar to the 9% of the sample 
whose BCG scar status was doubtful (Table 1). 
 
 
Table 1   Descriptives of study participants 

  N 
Mean TST induration 

in mm (SD) p 
Sex    
   Male 242 16.4 (5.1)  
   Female 256 17.1 (5.0) 0.1272 
Age    
   0-4 years 97 14.2 (5.4) < 0.001 * 
   5-9 years 175 17.3 (4.2)  
   10-14 years 226 17.3 (5.2)  
BCG scar    
   Negative 153 17.6 (4.3)  
   Positive 301 16.5 (5.2)  
   Doubtful 44 15.4 (6.2) 0.031** 
Any sibling    
   No 258 16.2 (5.2) 0.0309 
   Yes 240 17.2 (4.9)  
Total 498   

* Significantly different from the other two age groups. Age groups 0-5 and 10-14    
   years have no significantly different mean TST induration (Bonferroni test).  
** Significantly smaller TST induration that the BCG negative group. Other BCG     
     groups are not significantly different from each other (Bonferroni test). 
 
 
Sex was not significantly associated with TST induration. Children 0-4 years of age 
had significant smaller TST indurations (14.2 mm) than children 5-14 years of age 
(17.3 mm) (p<0.001) (Table 1). The TST distribution of all 498 children is shown in 
Figure 1. 
 
The intra-class correlation coefficient for TST induration for all 498 children with 
TST >=1mm was 0.42 (95% CI: 0.28 – 0.55) (Table 2). The adjusted intra-class 
correlation coefficient was 0.43 (95% CI: 0.30 – 0.56) (Table 2). Excluding the 
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children with a TST <5mm to maximize the chance of including only children 
infected with M. tuberculosis led to almost the same intraclass correlation as that for 
all children with TST >=1 mm (Table 2). However, excluding all children with a 
TST <10mm or <15mm led to a smaller intraclass correlation coefficient. When 
using the presence of a TB case in the dwelling as a measure for exposure to TB 
and thus latent TB infection the intraclass correlation was 0.41 (95% CI: 0.22 – 0.61) 
for children with a TST >=1mm. 
 
 
Figure 1   Tuberculin skin test distribution of 498 children with TST >= 1 mm 
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Discussion 
 
The unimodal, narrow and symmetrical TST distribution in our study population 
suggests the possibility of a genetic regulation of tuberculin reactivity. Here we 
extend these observations and show that there is a strong familial aggregation of 
reactive tuberculin response in this population. This suggests that heritable factors 
may regulate the size of the TST response in individuals infected with M. 
tuberculosis. The size of the TST response after natural infection with M. tuberculosis 
may be related to the severity of the immune response to the infection and 
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therefore be associated with the risk of progression to active TB (15). However, 
studies have reported conflicting results (16). Genetic regulation of the TST 
response may be a possible explanation for some of the heterogeneity we see in TB 
incidence both between and within countries. If these heritable factors, once 
identified, would prove to be highly prevalent in this community then these may 
clarify the high rates of TB in this community.  
  
 
Table 2   Intra-class correlation coefficient for different groups of children 0-14  
   years old 

Group N 

Intraclass 
correlation 
coefficient  
(95% CI) 

Adjusted intraclass 
correlation 
coefficient  
(95% CI) 

Children with TST >=1mm 498 0.42 (0.28 - 0.55) 0.43 (0.30 - 0.56) 
Children with TST >= 5mm 488 0.40 (0.26 - 0.54) 0.37 (0.23 - 0.51) 
Children with TST >= 10mm 451 0.29 (0.12 - 0.46) 0.26 (0.11 - 0.42) 
Children with TST>=15mm 353 0.15 (0.00 – 0.40) 0.17 (-0.02 – 0.35) 
Children exposed to TB 
patient in  household 

201 0.41 (0.22 - 0.61) 0.40 (0.21 – 0.60) 

 
 

Comparable studies to ours also found that the intrahousehold correlation of 
tuberculin reactivity among siblings was higher (0.46; 95% CI: 0.34 to 0.64) than 
among unrelated children (0.19; 95% CI: -0.29 to 0.67) (17). In a group of young 
twins (3 – 34 months of age) vaccinated at birth, the intraclass correlation for the 
TST response was 0.74 for monozygotic twins and 0.60 for dizygotic twins (18) and 
a study among adult monozygotic and dizygotic twins showed that approximately 
71% of the residual variation in TST responses was explained by genetic variance 
(19). 
 
The aggregation of TST response that we find in this study may also reflect shared 
exposures (including intensity, duration and time since exposure) although in view 
of the homogeneity of the study population and the intense social interaction 
among members of this population this might be less likely than in other settings. 
The ultimate test would be to compare siblings with unrelated household members 
but this would require much larger populations than the one involved in our study. 
A bias due to misclassification of children as being blood-related is possible 
because of our operational definition of a siblingship. Children with the same 
surname at the same address could be cousins while children with different 
surnames could be half-siblings. As such misclassification would have biased the 
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association downward, it does not detract from our findings. The HIV status of the 
children was not measured in this study. HIV infection can lead to smaller TST 
indurations due to a weakened immune system and therefore weaken the 
association. If HIV infection would cluster in families it would on the other hand 
strengthen the intra-class correlation coefficient. However, this bias can only be 
small, as we expect the prevalence of HIV among children (especially those over 
the age of 5 and under the age of 15 years) to be low. In 9% of the children the BCG 
scar could not be determined with certainty and the BCG scar status was recorded 
as “doubtful”. These children had smaller TST indurations than children without a 
BCG scar. As we adjusted for BCG scar status in the analysis we do not think this 
has influenced our results. Unfortunately, we could not determine with certainty 
which children were truly infected with M. tuberculosis. To explore the potential 
effect of this, we carried out sensitivity analyses by using different cut-off points 
for the TST, and we found that higher cut-off points corresponded to lower 
intraclass correlation coefficients. However, this is not surprising considering the 
fact that the TST induration was also the outcome variable and restricting the range 
of variables generally lowers correlation coefficients. When instead, we used the 
presence of a TB case in the dwelling as a proxy for true infection the intraclass 
correlation was almost the same as for the children with any induration >=1 mm or 
>=5mm. As there were few reactions <5mm, suggesting that infections with 
environmental mycobacteria are rare, we can assume that a cut-off of 5mm would 
reflect true infection with M tuberculosis.  
 
 
Conclusion 
 
Our research shows the presence of family aggregation of TST size induration. 
Genetic factors might act as the basis for this familial aggregation. More studies are 
needed to investigate why the rates of TB are so high in these communities and 
whether a genetically determined increased susceptibility could play a role. 
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This thesis describes the results from a tuberculosis (TB) prevalence survey that 
was conducted in two high burden communities in Cape Town, South Africa. The 
objective of the survey was to obtain a reliable estimate of the prevalence of TB 
disease and the proportion of previously treated cases among prevalent cases of 
TB. Using the survey results, we evaluated the two screening tools that are most 
often used in TB prevalence surveys: symptom and chest radiograph (CXR) 
screening. Furthermore, we determined the inter- and intra-reader agreement for 
CXRs using a standardised reading and recording system (CRRS). The data from 
the TB prevalence survey were also used to determine the association between 
smoking and M. tuberculosis infection in adults and between passive smoking and 
M. tuberculosis infection in children. We also determined the family aggregation of 
the tuberculin skin test (TST) response. Additionally, we collected information 
from TB cases detected passively in the National TB Program (NTP) to compare 
their symptoms and treatment outcomes with the actively-detected cases during 
the prevalence survey. Three years after the prevalence survey a tuberculine 
survey was done in schoolchildren to determine the annual risk of tuberculosis 
infection (ARTI). Results obtained in this study were compared with the ARTI 
obtained in an earlier tuberculine survey and with the trends in case notifications 
and treatment outcomes obtained from the local health services. The following 
paragraphs discuss the implications and limitations of the studies outlined above. 
In addition, possibilities for further research are suggested.   
 
 
TB control 
 
The prevalence of TB disease in adults and of M. tuberculosis infection in children 
were found to be very high in the communities Ravensmead and Uitsig (Chapter 2 
and 5). Furthermore, we found that more than half of the prevalent smear-positive 
TB cases had been treated before. This large group of previously treated TB cases 
may represent an important source of disease transmission and a serious threat to 
TB control. In the past the DOTS strategy of the World Health Organization 
(WHO) primarily focused on the monitoring of new smear-positive TB cases rather 
than previously treated cases to maximise the impact of treatment intervention. 
However, the recently launched STOP TB Strategy and Global Plan to STOP TB 
2006-2015 promote proper diagnosis and treatment of TB for all patients, including 
all patients with a history of previous treatment (1, www.stoptb.org/globalplan). 
This is an important development since previously treated TB patients generally 
have worse treatment outcomes. They also experience a higher prevalence of drug 
resistant TB than new cases which is often due to default from treatment during a 
previous treatment episode. (2-5). We indeed found that previously treated TB 
cases had poorer treatment outcome than new cases, but information on drug 
resistance was not available. Improving case detection and treatment outcomes for 

http://www.stoptb.org/globalplan
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previously treated TB is thus likely to make a significant contribution to reducing 
the TB epidemic in high burden communities. 
 
Information on treatment outcomes can be easily obtained from routinely collected 
surveillance data but information on case detection is harder to obtain. Using two 
different models we estimated the case detection rate (CDR) for new and for 
previously treated TB cases from the routinely collected notification data and the 
data from the TB prevalence survey (Table 1). The first model was developed by 
Styblo (8, 9) and assumes that TB cases are detected after an average of four 
months or not at all. The cases that are not detected are assumed to self-cure or die 
after an average of two years. In the second model (10, 11) cases are assumed to be 
detected (patient diagnostic rate) and die or self-cure at a certain rate. 
 
 
Table 1   Tuberculosis (TB) notification rate, prevalence rate, and estimated case  

 detection rate (CDR) for new and previously treated smear-positive  
 adult (≥ 15 years) TB cases 

 

Notification 
rate  

(per 100,000) * 

Prevalence 
rate  

(per 100,000) ‡ 

CDR  
model 1 

 (95% CI) § 

CDR  
model 2  

(95% CI) # 
New smear-
positive TB 441 310 

(90 – 520) 
85% 

(70 - 100%) 
74% 

(63 - 91%) 
Previously 
treated smear-
positive TB 

266 380 
(150 – 620) 

65% 
(50 – 90%) 

58% 
(46 – 78%) 

* Notification rates calculated with notification data from the health clinics in Ravensmead      
   and Uitsig (6), and the census 2001 (7) 
‡ Prevalence rates from chapter 2 
§ CDR 1=(notification rate/prevalence rate)/ (0.5+0.83*(notification rate/ prevalence rate))    
   (8, 9) 
# CDR 2=(notification rate/prevalence rate)/ ((notification rate/prevalence rate) +0.5)  
   (10, 11). 
 
 
The results reported in table 1 suggest that the case detection rate for previously 
treated cases is lower than for new cases. Additional case detection tools such as 
active or enhanced case finding may be needed in the communities of Ravensmead 
and Uitsig, especially to detect previously treated TB cases. Active case finding 
entails the screening of populations or high risk groups to detect TB cases. 
However, this is a labour intensive and expensive procedure and detected cases 
may not be motivated to complete their treatment. In our study we showed that 
many cases detected during the community survey did not start treatment 
(Chapter 6). Alternatively, enhanced case finding may be considered. Examples of 
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enhanced case finding are: improved access to laboratory diagnosis, screening of 
family members of TB cases, or creating awareness of TB related symptoms 
through education of the population (12, 13). Health education could also be 
specifically focussed on TB cases. This may lead to an increased awareness of 
symptoms and knowledge about TB among cases, which may stimulate them to 
seek health care earlier when they develop TB again. Educating TB patients could 
therefore possibly increase case detection of previously treated cases. This 
intervention may also improve treatment outcomes since educated patients 
understand better why it is important to adhere to TB treatment (14-16). The effect 
of health education for TB patients on adherence to treatment needs to be studied 
in our study area. This is preferably done in a randomized controlled trial in which 
treatment outcomes and adherence are compared between a group of patients that 
received additional health education and a group of patients who did not receive 
extra health education. Other possible interventions include providing incentives 
for TB patients and/or health care providers if the patient completes the treatment 
and intensified follow-up of defaulting cases to pursue them to complete their 
treatment and prevent them from relapsing. The effect on the TB epidemic and the 
cost-effectiveness of such interventions need to be studied. 
 
 
HIV 
 
The high prevalence of TB and the high annual rate of tuberculosis infection 
(ARTI) that we found in this study are particularly worrying because the 
prevalence of HIV is still increasing in South Africa. In 2002 the HIV prevalence 
among pregnant women was estimated to be 26.5% (25.5 – 27%) and in 2004 it 
increased to 29.5% (95% CI: 28.5 – 30.5%) (17). In most of South-Africa the TB 
epidemic is driven by HIV and the incidence rates of TB have increased 
dramatically due to the increasing prevalence of HIV (18). In our TB prevalence 
survey we did not measure the HIV status of the participants and we were 
therefore not able to provide an estimate on the prevalence of HIV in the 
community. However, we can try to estimate the prevalence of HIV in 
Ravensmead and Uitsig based on the results from antenatal surveys in the Western 
Cape Province or the district. In the Western Cape Province the HIV prevalence 
among pregnant women was 15.4% (95% CI: 12.5 – 18.2%) in 2004 (17). In the 
whole district in which Ravensmead and Uitsig are based the HIV prevalence 
among mothers attending antenatal care clinics increased from 7.9% in 2001 to 
15.1% in 2004 (19). However, these prevalence estimates are quite high compared 
to the results of the voluntary counselling and testing (VCT) of TB patients in the 
two clinics in the study area: among the 473 bacteriologically confirmed passively 
detected TB cases that were registered between February 2004 and November 2005, 
the HIV status was known for 311 (66%). Of those, 32 (10%) were HIV positive. 
Among all 733 reported adult TB cases (irrespective of bacteriological status) who 
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were detected in this period HIV status was known for 420 (57%) and of those 56 
(13%) were HIV positive. As the prevalence of HIV in TB patients is estimated to be 
six times higher than in the general population (18, 20) we estimate that the 
prevalence of HIV among the adult population in our community was in the order 
of 2% in 2004/2005, which is still relatively low compared to the rest of the 
country. However, if the prevalence of HIV in Ravensmead and Uitsig follows the 
national trend and increases further, this could have disastrous effects on the 
incidence of TB. 
 
 
Association between ARTI, incidence, and prevalence  
 
The ARTI is often used to calculate the incidence of TB using the following 
formula: incidence = annual risk of infection * Styblo coefficient. The Styblo 
coefficient is taken to be a constant, with an empirically derived of approximately 
50 (range 40 - 60), relating risk of infection (% per year) to the incidence of sputum 
smear-positive cases (per 100,000 per year) (21). The TST surveys that we did in 
1999 and 2005 showed an ARTI of 3.7% over 1995 and 3.9% over 2001 (Chapter 5). 
Using the Styblo coefficient this would lead to an estimated incidence of 185 
sputum smear-positive TB cases per 100,000 per year in 1995 and 195 per 100,000 in 
2001. However, the reported notification rates for smear-positive TB in these years 
were 397 per 100,000 in 1995 and 550 per 100,000 in 2001 which is thus much 
higher than the estimated incidence based on this formula. This shows that the 
Styblo coefficient does not always apply.  
 
The approach to calculate incidence and prevalence from ARTI using the Styblo 
coefficient has also been questioned in the literature (22, 23). Van Leth et al found 
between 2.6 and 5.8 tuberculosis infections per prevalent smear-positive TB case 
based on recent ARTI and prevalence data from Korea (3.2 – 4.7), China (3.4 – 5.8) 
and Philippines (2.6 – 4.4). This is much lower than the 8 to 12 tuberculosis 
infections per prevalent smear-positive TB case that is underlying the Styblo rule. 
If we compare the prevalence of smear-positive TB (6.9 (3.7 – 10.1) per 1000 in 
2002) with the ARTI (3.9% (3.6 – 4.3%) over 2001) in our study area, the average 
number of infections per prevalent smear-positive TB case would be 
approximately 5.7 (3.6 – 11.6). This estimate is lower than what Styblo estimated 
and is near the upper limit of the data published by van Leth, but the confidence 
intervals are wide. Van Leth et al concluded that a universal application of any 
fixed mathematical relationship between the prevalence of tuberculosis infection, 
the prevalence of smear-positive TB and the incidence of smear-positive TB is not 
valid. However, tuberculin surveys may still be useful to estimate trends in 
prevalence of disease over time within countries as the number of tuberculosis 
infections per prevalent smear-positive TB case remained relatively stable over 
time within a single country.  
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Smoking and M. tuberculosis infection 
 
We used the data from the tuberculosis prevalence survey to determine the 
association between smoking and M. tuberculosis infection in both adults and 
children. In adults we found a significantly higher prevalence of M. tuberculosis 
infection in people who ever smoked compared to people who never smoked 
(Chapter 7). For children, passive smoking was significantly associated with M. 
tuberculosis infection in households were a TB case had lived (Chapter 8). Recently 
the available literature on the association between smoking and tuberculosis was 
summarised in a review and meta-analysis (24). In this meta-analysis it was shown 
that smokers have an increased risk of tuberculosis disease and death from 
tuberculosis, as well as an increased risk of M. tuberculosis infection compared to 
non-smokers. The meta-analysis also showed an increased risk for TB disease 
among passive smokers and this risk was higher among children exposed to 
passive smoking than it was among adults. The only study that examined the 
association between passive smoking and M. tuberculosis infection showed a 
significant association (25). More and larger association studies are needed to 
study the association between passive smoking and M. tuberculosis infection. Ours 
and all previously reported studies on the association between TB infection and 
smoking were observational studies (25-29). Therefore, it is possible that variables 
associated with both smoking behaviour and tuberculosis infection confound the 
association. Furthermore, with this kind of study design a causal relationship 
cannot be determined as the time of infection is not known. Prospective studies are 
needed to confirm the association between smoking and M. tuberculosis infection. 
Prospective studies should follow-up a group of smokers and a group of people 
who never smoked and measure how many of those develop M. tuberculosis 
infection in each group. This should preferably be done in young adults because in 
this group the prevalence of M. tuberculosis infection is still relatively low 
compared to older people. In a possible intervention study TB patients could be 
stimulated to stop smoking as this may improve treatment outcomes (30, 31). It 
should also be investigated whether smoking cessation strategies among TB 
patients prevent recurrent TB. 
 
Tobacco smoking is increasing in regions where TB poses a major health risk. In 
developing countries, tobacco smoking has increased substantially over the past 
three decades, with an estimated 930 million of the world’s 1.1 billion smokers 
currently living in the low-income and middle-income countries (32, 33). Tobacco-
attributable deaths are projected to double from 3.4 million to 6.8 million in low-
and middle income countries between 2002 and 2030 (34). Another worrying factor 
is that children start smoking at an early age. In South Africa, 16.2% of learners 
reported first smoking cigarettes before the age of 10 (35). Fortunately, in South 
Africa tobacco control measures (legislation and taxation) have successfully 
reduced the proportion of 13 to 15 year old children who ever smoked from 46.7% 
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to 37.6% between 1999 and 2002. Over the same period the proportion of current 
smokers in this age group fell from 23% to 18.5% (35). Other developing countries 
should follow the example of South Africa and implement strict tobacco control 
measures. Besides preventing cases of and mortality from lung cancer, chronic 
obstructive pulmonary disease (COPD) and cardiovascular diseases, smoking 
cessation may also prevent TB deaths and reduce TB incidence.  
 
 
Genetics 
 
In one of our studies (Chapter 9) we show that TST induration is aggregated 
among siblings which may reflect a genetic regulation of the immune response to 
infection with M. tuberculosis. This study adds to the literature that already showed 
that vulnerability to clinical tuberculosis is in part genetically determined. A 
number of genes and polymorphisms have been shown to be associated with 
susceptibility to disease but additional research needs to be done to address the 
question whether genetics are also involved in an increased risk of M. tuberculosis 
infection.  
 
 
Chest radiography and other screening tools  
 
Our study showed that an abnormal chest radiograph (CXR) was highly sensitive 
for bacteriologically confirmed TB (Chapter 3). It furthermore showed that a 
standardised reading and recording system for CXRs can lead to good inter-reader 
agreement between experienced pulmonologists (Chapter 4). In TB prevalence 
surveys in resource poor settings experienced pulmonologists may not be 
available. In such a situation it might be feasible to train other health care workers 
like clinical officers or radiographers to provide a radiograph report. The 
advantage of using the Chest Radiograph Reading and Recording System (CRRS) 
in TB prevalence surveys is that results from different surveys will be easier to 
compare. The CRRS form is currently used in a local district prevalence survey of 
tuberculosis in Kenya where a radiologist reads the CXRs.  
 
Symptom and CXR screening is still the most accurate and efficient combination of 
screening methods in TB prevalence surveys. A number of alternative methods 
have been used but were shown to be insufficient. A prevalence survey in India for 
example used screening by tuberculin skin test but a reduction of the workload 
was not adequately achieved (36). New alternatives for the tuberculin skin test 
(TST) to diagnose M. tuberculosis infection have been developed. Interferon gamma 
release assays (IGRAs) detect interferon γ released from T cells in response to 
tuberculosis antigens. The advantage of IGRAs is that they are used in-vitro and 
they are not affected by BCG and non-tuberculous mycobacteria (NTM). Another 
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advantage is that people do not have to come back a second time for the reading of 
the test as is the case with the TST. However, because there is no gold standard to 
measure M. tuberculosis infection it has been difficult to measure the sensitivity and 
specificity of IGRAs (37, 38). IGRAs probably have limited usefulness as a 
screening tool in TB prevalence surveys because they measure M. tuberculosis 
infection and are not specific enough to screen for TB disease since a third of the 
world population is infected with M. tuberculosis.   
 
A recent TB prevalence survey in Eritrea did not use any screening tool but 
performed two sputum specimens on all survey participants by fluorescence 
microscopy (FM) (39) as this is more sensitive than Ziehl-Neelsen (ZN) 
microscopy. However, many survey participants were not able to produce a good 
quality sputum sample and produced saliva instead. It is likely that because of the 
high quantity of the sputum samples the quality was compromised. 
 
Quick and cheap culture methods are needed so that the final diagnosis of 
bacteriologically positive TB can be made earlier. Liquid cultures are already an 
important alternative for the traditional Löwstein Jensen (LJ) culture as they 
rapidly and accurately detect M. tuberculosis in clinical specimens (42, 43). The 
liquid medium is also suitable for rapid drug susceptibility testing (44, 45). 
Polymerase Chain Reaction (PCR) is another possible alternative for LJ culture as it 
allows the rapid identification of mycobacterial DNA in sputum. The sensitivity of 
PCR to detect culture positive TB has been reported to be higher than of ZN (40). A 
gas sensor array (electronic nose) was recently successfully used to detect M. 
tuberculosis in culture and sputum (41). This technique may have the potential to 
become a rapid screening tool for early diagnosis of TB through sputum or even 
breath analysis. However this technique is relatively new for the diagnosis of M. 
tuberculosis and it needs further development and testing before it will be suitable 
for screening purposes.  
 
The new diagnostics that have been developed so far have not (yet) proved to be 
good alternatives for CXR screening even though CXR screening itself has 
limitations. Future studies should therefore investigate whether CXR screening can 
be improved. The CRRS could for example be further developed and must be 
further validated, also in areas with a higher prevalence of HIV and among less 
experienced readers. Digital CXRs may become an alternative for the traditional 
CXR screening methods. The advantage of digital CXRs is that no water or 
chemicals are needed for the development of the films. Furthermore, it is possible 
to change the resolution of the screen in order to study abnormalities with different 
contrast. Other advantages are that the reader does not have to be at the survey site 
and that there is no storage needed for the films. A disadvantage of digital CXRs is 
that advanced computer equipment is needed, and that if one want to send images 
of CXRs a fast internet connection is required.  
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Methodological issues 
 
The extensive logistics required for doing a TB prevalence survey are complicated 
and make surveys expensive. We therefore used the framework of the TB 
prevalence survey to also study other lung diseases with relatively low additional 
costs. The name of the study investigating all these lung diseases was Lung Health 
Survey (LHS). Besides an estimate of the prevalence of tuberculosis, the LHS also 
provided information on the prevalence of and risk factors for asthma, chronic 
obstructive pulmonary disease (COPD), and allergies in children. (46-49) 
 
The most important limitation of the LHS was that the sample size was limited. 
This led to the detection of a small number of TB cases and wide confidence 
intervals around the prevalence estimates. This also affected the power of further 
sub-studies, for example the study on symptom and CXR screening for 
bacteriologically confirmed TB (Chapter 3) and the study in which we compared 
actively and passively detected TB cases (Chapter 6). In future studies, local 
prevalence surveys in relatively small communities may want to include a larger 
sample of the population or the total population, in order to obtain a more precise 
prevalence estimate.  
 
 
Conclusions 
 
The two communities in Cape Town experience an extremely high prevalence of 
TB and transmission of M. tuberculosis is very high. Previously treated TB cases are 
likely to contribute significantly to the TB epidemic and strategies to improve case 
detection and cure rates are urgently needed. Active case finding by a community 
survey did detect additional TB cases but the detected TB cases experienced a high 
initial default rate. Another important finding of our study was that CXRs are still 
the most sensitive screening tool in TB prevalence surveys. Although innovative 
screening tools must be investigated, CXR reading can also be further improved. 
The newly developed CXR reading and recording system proved that good reader 
agreement can be achieved if abnormalities are recorded systematically and 
without interpretation. We also concluded that smoking was associated with M. 
tuberculosis infection in adults and that there is an association between passive 
smoking and TB infection for children who live in the same house as TB cases. We 
furthermore showed that the immune response to M. tuberculosis infection 
probably has a genetic component. 
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Summary 
 
 
This thesis gives a detailed overview of the size of the tuberculosis (TB) problem in 
two neighborhoods (Ravensmead and Uitsig) in Cape Town, South Africa. These 
communities are an example of a high TB incidence area with a relatively low but 
increasing human immunodeficiency virus (HIV) epidemic. It reports the 
prevalence of TB, the annual rate of tuberculosis infection (ARTI) and it gives 
possible explanations for the high TB prevalence and transmission rate. It 
furthermore describes risk factors for Mycobacterium tuberculosis infection. A 
general introduction is given in Chapter 1, with a short summary of the 
epidemiology of tuberculosis. In addition, the principles behind tuberculosis 
control are explained and the different methods to measure the size of the TB 
epidemic and the impact of TB control are discussed.   
 
Chapter 2 describes the prevalence of TB disease in Ravensmead and Uitsig as 
measured during a community survey in a 15% random sample of the population. 
A total of 3,483 adults (>=15 years) were included in the survey and 2608 (75%) 
underwent chest radiography (CXR). Of those with a CXR 1,170 (45%) produced a 
sputum specimen. Twenty nine bacteriologically positive TB cases were detected of 
which 26 were confirmed, and of those 18 were smear-positive. The prevalence of 
bacteriologically confirmed TB was extremely high: 10.0 per 1,000. An important 
finding was that more than half (56%) of the detected smear-positive TB cases had 
been previously treated for TB. Approximately 10% of the survey population had 
TB in the past as was reflected by the number of people that reported a history of 
tuberculosis in the questionnaire (9.7%) as well as the number of people who had 
TB related abnormalities on the CXR (12.9%). The prevalence of bacteriologically-
confirmed TB among those who were previously treated for TB was significantly 
higher (29.9 per 1000) than for those who never had TB before (5.1 per 1,000). In 
these communities previously treated cases are likely to contribute significantly to 
tuberculosis transmission.  
 
In Chapter 3 we evaluated the two screening methods that are most often used in 
TB prevalence surveys: symptom screening and CXR screening. Sensitivity and 
specificity were calculated for the variables cough for >= 2 weeks, haemoptysis, 
night sweats, weight loss, fever, presence of at least one of the preceding five 
symptoms (any symptom), any abnormalities on CXR and TB-related 
abnormalities on CXR. The presence of any abnormalities on CXR detected 97% of 
bacteriologically confirmed TB cases. TB related abnormalities on CXR had a 
slightly lower sensitivity (90%). Presence of any of the five symptoms had lower 
sensitivity and detected only 69% of bacteriolocially confirmed TB cases. Among
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 the different symptoms, the sensitivity was highest for cough of >= 2 weeks. 
Specificity was highest for fever.  
 
A well known limitation of CXR is that readings are highly subjective and inter- 
and intra reader variability can be considerable. We developed a CXR reading and 
recording system (CRRS) that employs the description of abnormalities rather than 
interpretation. In Chapter 4 we determined inter- and intra-reader agreement for 
the major categories of abnormalities on CXR using the CRRS. Moderate 
agreement between two experienced readers was obtained for the presence of any 
abnormalities on the CXR, and for central structure abnormalities. The inter-reader 
agreement was substantial for parenchymal abnormalities, pleural abnormalities 
and TB related abnormalities. Of 29 TB cases detected in the survey, 26 had CXRs 
read by both readers. The readers agreed on 23 of the 26 cases to have 
abnormalities on CXR, and 1 case to have a normal CXR. The intra-reader 
agreement was higher than the inter-reader agreement varying from substantial till 
almost perfect agreement for the different categories of abnormalities. The levels of 
agreement that were reached with the CRRS were higher than reported previously. 
However, the CRRS needs further development and more studies need to be done 
to test the reader agreement, also among less experienced readers and in different 
study settings.  
 
In Chapter 5 we report the ARTI measured in a tuberculin survey in 2005 
(representing the average ARTI in 2001). We compared this ARTI with the ARTI 
obtained in a TST survey in 1998 (representing the average ARTI in 1994) to 
determine whether the transmission rate had changed. In the 1998 survey the 
average prevalence of M. tuberculosis infection among 6 to 8 year old children was 
26.2%. In the 2005 survey this was slightly, but not significantly, higher (28.9%). 
The average ARTI for the total area was calculated to be 3.7% over 1995 and 3.9% 
over 2001 which means that despite the DOTS program there was not yet a 
decrease in TB transmission. Previously treated TB cases are likely to contribute to 
the high transmission rates since they formed a significant proportion of the 
notified cases. Furthermore they had lower treatment success rates (average 59%) 
than new cases (average 71%). Another possible explanation for the high ARTI in 
Ravensmead and Uitsig could be an increasing prevalence of HIV, but this was not 
measured. The ARTI in Ravensmead did not change significantly between the two 
surveys, but in Uitsig the ARTI increased significantly from 4.1% to 5.5%. The 
higher TB burden in Uitsig is also reflected by the notification rates of pulmonary 
TB and the proportion of previously treated TB cases, which were both higher in 
Uitsig than in Ravensmead. 
 
One of the components of Stop TB strategy is passive case detection as the primary 
mechanism for TB case detection. However, passive case detection could lead to a 
long patient delay which may worsen the disease, increase the risk of death and 
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enhance tuberculosis transmission. In contrast, active case-detection may detect TB 
cases earlier in their disease and thus reduce transmission of M. tuberculosis. In 
Chapter 6 we compared cases who were actively-detected during the TB 
prevalence survey with patients who were passively-detected in the National TB 
Program (NTP). We looked for differences in the clinical presentation of 
tuberculosis and treatment outcome of the TB cases. Cases detected passively 
significantly more often reported the presence of the symptoms cough, night 
sweats, fever, and weight loss. In the multivariate analysis only weight loss 
remained significant. Seven of 27 actively-detected TB cases did not start treatment 
and were considered to be initial defaulters. The actively detected TB cases that did 
start treatment had similar treatment outcomes as passively-detected cases. 
Although the community survey detected additional TB cases, these actively 
detected cases had fewer symptoms than passively detected cases and they 
experienced a high initial default rate. The cost-effectiveness of community 
surveys to detect TB cases need to be investigated. 
 
In Chapter 7 we determined the association between smoking and M. tuberculosis 
infection in adults. Of all adults >=15 years that were included in the TB 
prevalence survey 76% had a positive TST (>= 10 mm) and 55% were current or ex-
smokers. People who ever smoked had a positive tuberculin skin test (TST) more 
often (82%) than people who never smoked (70%). The probability of a positive 
TST seemed to increase slightly with the number of pack-years smoked, but the 
differences between the different pack-year categories were not significant. The 
increased risk of disease and death from tuberculosis among smokers that has been 
well described in the literature may thus be partly due to an increased risk of 
smokers becoming infected with M. tuberculosis.  
 
Children may be particularly vulnerable to tobacco smoke since their respiratory 
and immune systems are not fully developed. In Chapter 8 we therefore examined 
the influence of environmental tobacco smoke (passive smoking) on M. tuberculosis 
infection in children (< 15 years old). A TST >=10 mm was reported in 32% of the 
children and 87% of the children were passive smokers. Passive smoking children 
more often had a positive TST (34%) than children who were not passive smokers 
(21%). However, after adjustment for the age of the child, the average income of all 
adults in the household and the presence of a TB patient in the household this 
difference was not significant. We also found a significant association between M 
tuberculosis infection in children and both the number of smokers in the household 
and the number of cigarettes smoked per day in the households, but these findings 
were no longer significant in a multiple logistic regression model. Passive smoking 
was significantly associated with a positive TST in the 172 households with a TB 
patient but not in the 492 households without a TB patient. The findings of this 
study suggest that passive smoking may increase the risk to acquire M. tuberculosis 
infection in children, given household exposure to an adult index case. This 
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association is a cause of great concern, because in many developing countries with 
a high burden of tuberculosis the prevalence of smoking is rapidly increasing, 
especially amongst women.  
 
Susceptibility to tuberculosis is a combination of genetic, host related, 
environmental and strain specific factors. These factors can increase susceptibility 
to primary TB infection and/or increase the chance to progress to disease given 
infection has occurred. In Chapter 9 we showed that among children with a TST 
induration >=1 mm, the TST indurations of siblings were much more alike than 
TST indurations of non related children. This suggests that a genetic component is 
likely to play a role in the immune response after M. tuberculosis infection.  
 
In Chapter 10 a general discussion on the research methodology and the results is 
presented. 
 



 

Samenvatting 
 
 
Dit proefschrift beschrijft de omvang van de tuberculose epidemie in twee 
stadswijken (Ravensmead and Uitsig) van Kaapstad, Zuid-Afrika. Deze 
stadswijken dienen als een voorbeeld van een gebied met een hoge incidentie van 
tuberculose en een relatief lage maar toenemende HIV epidemie. In dit proefschrift 
beschrijven we de prevalentie van tuberculose en het jaarlijkse infectierisico (ARTI). 
Daarnaast geven we mogelijke verklaringen voor de hoge prevalentie en het hoge 
infectierisico. Vervolgens beschrijven we risicofactoren voor tuberculose infectie. In 
Hoofdstuk 1 wordt een algemene introductie gegeven, met daarin een 
samenvatting van de epidemiologie van TB. In dit hoofdstuk worden ook de 
achterliggende principes van de tuberculosebestrijding uitgelegd en de 
verschillende methoden om de grootte van de TB epidemie en het effect van de 
tuberculosebestrijding te meten.  
 
Hoofdstuk 2 beschrijft de TB prevalentie in Ravensmead and Uitsig, gemeten door 
middel van een tuberculose prevalentie studie onder 15% van de populatie. In 
totaal werden 3483 volwassenen (>=15 jaar) opgenomen in de studie en werd van 
2608 (75%) een thorax röntgenfoto gemaakt. Van degenen met een röntgenfoto 
gaven 1170 (45%) een sputummonster. Er werden 29 patiënten met 
sputumpositieve tuberculose ontdekt, dat wil zeggen dat zij kweekpositief waren 
of een positief sputumuitstrijkje hadden bij microscopisch onderzoek. Hiervan 
werden er 26 werden bevestigd met een tweede kweek of microscopisch 
onderzoek. Achttien tuberculosepatiënten waren smearpositief. De prevalentie van 
bacteriologisch bevestigde tuberculose was extreem hoog: 10.0 per 1000. Een 
belangrijke bevinding was dat meer dan de helft (56%) van de gevonden 
smearpositieve tuberculosepatiënten al ooit eerder behandeld was voor 
tuberculose. Ongeveer 10% van de studie populatie had tuberculose gehad in het 
verleden wat zowel bleek uit het aantal mensen dat in de vragenlijst aangaf ooit 
voor tuberculose behandeld te zijn geweest (9.7%) als uit het aantal mensen met 
tuberculose gerelateerde pathologie op de röntgenfoto (12.9%). De prevalentie van 
bacteriologisch bevestigde tuberculose was veel hoger onder mensen die eerder 
waren behandeld voor tuberculose (29.9 per 1000) dan onder mensen die nog nooit 
tuberculose hadden gehad (5.1 per 1000). Het is waarschijnlijk dat eerder 
behandelde tuberculosepatiënten voor een belangrijk deel bijdragen aan de 
verspreiding van tuberculose in deze stadswijken. 
 
In Hoofdstuk 3 hebben we de twee meest gebruikte screening methoden voor 
tuberculose prevalentie studies geëvalueerd: screening d.m.v. symptomen en 
thorax röntgenfoto. Sensitiviteit en specificiteit werden berekend voor de volgende 
variabelen: een hoest voor een periode >= 2 weken, bloed hoesten, nachtzweten, 
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gewichtsverlies, koorts, het voorkomen van minstens een van deze vijf symptomen, 
abnormale röntgenfoto, en tuberculose gerelateerde pathologie op de röntgenfoto. 
Van alle sputumpositieve tuberculosepatiënten had 97% een abnormale 
röntgenfoto. De sensitiviteit van tuberculose gerelateerde afwijkingen op de 
röntgenfoto was lager (90%). De aanwezigheid van een van de vijf symptomen had 
een lagere sensitiviteit omdat maar 69% van de bacteriologisch gevonden patiënten 
symptomen had. Van de verschillende symptomen had hoest voor een periode van 
>=2 weken de hoogste sensitiviteit terwijl de specificiteit het hoogst was voor 
koorts.  
 
Een belangrijke tekortkoming van de thorax röntgenfoto is dat de interpretatie erg 
subjectief is en dat er grote verschillen in interpretatie kunnen zijn tussen lezers. 
Wij ontwikkelden een methode voor het lezen en beschrijven van röntgenfoto’s 
(Chest radiograph Reading and Recording System, CRRS) waarbij afwijkingen op 
een objectieve manier worden beschreven zonder ze te interpreteren. In Hoofdstuk 
4 berekenden we de overeenkomst binnen en tussen lezers bij het gebruik van de 
CRRS methode voor de belangrijkste pathologie op de CXR. Twee ervaren 
longartsen behaalden een matige overeenkomst voor het herkennen van een 
abnormale CXR, en voor het herkennen van afwijkingen in de ‘central structures’. 
Een substantiële overeenkomst tussen de twee lezers was behaald voor de 
categorieën ‘parenchymal abnormalities’, ‘pleural abnormalities’ en tuberculose 
gerelateerde pathologie. Zesentwintig van de 29 sputumpositieve 
tuberculosepatiënten hadden een CXR die door beide lezers was beoordeeld. De 
twee lezers vonden in overeenstemming met elkaar dat 23 van de 26 patiënten 
abnormale CXR hadden en dat 1 patiënt een normale CXR had. De overeenkomst 
binnen een lezer was hoger dan de overeenkomst tussen lezers aangezien een bijna 
perfecte overeenkomst werd bereikt voor de belangrijkste categorieën. De mate 
van overeenkomst die we behaalden met het gebruik van de CRRS methode was 
hoger dan eerder gepubliceerd in de literatuur. De CRRS methode heeft echter nog 
wel verdere ontwikkeling nodig. Bovendien zijn meer studies nodig om de 
overeenkomst tussen lezers te bepalen, voornamelijk onder minder ervaren lezers 
en onder andere omstandigheden.  
 
In een tuberculinestudie krijgt een steekproef van schoolkinderen een tuberculine 
huidtest (mantouxtest). Het jaarlijkse infectierisico (ARTI) wordt berekend uit het 
% positieve testen (infecties) en de leeftijd van de kinderen. In Hoofdstuk 5 
rapporteren we de ARTI die we berekenden uit de gegevens verzameld in een 
tuberculinestudie in 2005. Deze ARTI vertegenwoordigt het gemiddelde infectie 
risico in 2001. We vergeleken deze ARTI met de ARTI in 1994, gemeten met een 
tuberculinestudie in 1998. In de studie van 1998 vonden we een prevalentie van M. 
tuberculosis infectie van 26.2% onder 6 tot 8 jaar oude kinderen. De prevalentie was 
iets hoger in de studie van 2005 (28.9%) maar dit verschil was niet significant. De 
ARTI in het totale gebied was 3.7% in 1995 en 3.9% in 2001. Dit geeft aan dat 
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ondanks de plaatselijke tuberculosebestrijding de transmissie van tuberculose niet 
afneemt. De eerder behandelde tuberculosepatiënten dragen hoogstwaarschijnlijk 
in belangrijke mate bij aan de hoge transmissie aangezien ze een substantieel 
onderdeel van de geregistreerde patiënten waren. Bovendien hadden de eerder 
behandelde patiënten minder succesvolle behandelingsuitkomsten (het afmaken 
van de behandeling met al dan niet bewijs van genezing) (gemiddeld 59%) dan 
nieuwe patiënten (71%). Daarom is het waarschijnlijk dat deze eerder behandelde 
tuberculosepatiënten in hoge mate bijdragen aan de hoge ARTI. Een andere 
mogelijke verklaring de hoge ARTI in Ravensmead en Uitsig is een toenemende 
prevalentie van HIV, maar deze hebben we niet gemeten in onze studie. De ARTI 
in Ravensmead veranderde niet tussen de twee studies, maar in Uitsig nam het 
significant toe van 4.1% tot 5.5%. De hogere infectiedruk in Uitsig komt ook tot 
uiting in de hogere aangiftecijfers van longtuberculose en een groter aandeel al 
eerder behandelde patiënten in deze wijk.  
 
Een van de onderdelen van de Stop tuberculose strategie is het opsporen van 
tuberculosepatiënten door middel van ‘passieve patiëntenopsporing’: wachten tot 
patiënten zichzelf melden met klachten. Dit kan echter leiden tot een verlate 
tuberculosediagnose en zodoende de kans op ziekte in een vergevorderd stadium 
vergroten. Het risico om aan tuberculose te overlijden en de duur van de 
besmettelijkheid zijn vervolgens ook vergroot. Een actieve screeningsstrategie kan 
patiënten vroeg in het ziekteproces opsporen en de verdere verspreiding van M. 
tuberculosis voorkomen. In Hoofdstuk 6 vergelijken we patiënten die op actieve 
wijze zijn gevonden tijdens de prevalentie studie met patiënten die passief werden 
gevonden in het routine tuberculoseprogramma. We vergeleken de klinische 
presentatie van tuberculose en de behandeluitkomsten tussen de twee 
patiëntengroepen. Patiënten die werden gevonden door passieve opsporing 
rapporteerden vaker de symptomen hoest, nachtzweten, koorts en gewichtsverlies. 
In een logistische regressieanalyse waarin alle symptomen meegenomen werden 
was alleen gewichtsverlies nog significant. Zeven van de 27 actief gevonden 
patiënten weigerden antituberculose behandeling. De actief gevonden patiënten 
die wel onder behandeling gingen hadden vergelijkbare behandelresultaten als 
passief gevonden patiënten. De prevalentie studie leverde een aanzienlijk aantal 
extra tuberculosepatiënten op. Deze actief gevonden patiënten hadden echter 
minder symptomen en dan patiënten die passief werden gevonden in het 
tuberculoseprogramma en veel weigerden behandeling. De kosteneffectiviteit van 
een tuberculose prevalentie studie om patiënten op te sporen moeten worden 
onderzocht. 
 
In Hoofdstuk 7 bepaalden we de relatie tussen roken en M. tuberculosis infectie in 
volwassenen. Van alle volwassenen van 15 jaar en ouder die deelnamen aan de 
tuberculose prevalentie studie had 76% een positieve mantouxtest (>= 10 mm) en 
55% waren rokers of ex-rokers. Mensen die ooit in hun leven gerookt hadden of 
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nog rookten hadden vaker een positieve mantouxtest (82%) dan mensen die nog 
nooit hadden gerookt (70%). De kans op een positieve mantouxtest nam licht toe 
me het aantal gerookte “pack-years”, maar het verschil tussen de verschillende 
“pack-year”-categorieën was niet significant. Het verhoogde risico op tuberculose 
en sterfte van tuberculose onder rokers is dus mogelijkerwijs te verklaren doordat 
een groter gedeelte van de rokers geïnfecteerd raakt met M. tuberculosis.  
 
Kinderen zijn waarschijnlijk extra gevoelig voor sigarettenrook aangezien hun 
longen en hun immuunsysteem nog niet volledig ontwikkeld is. In Hoofdstuk 8 
hebben we daarom gekeken naar het effect van passief roken (meeroken) op M. 
tuberculosis infectie in kinderen < 15 jaar. Van de kinderen die deelnamen aan de 
TB prevalentie studie had 32% een mantouxtest van >=10mm en 87% van de 
kinderen was blootgesteld aan sigarettenrook in het huishouden. Passief rokende 
kinderen hadden vaker een positieve mantouxtest (34%) dan kinderen die niet 
waren blootgesteld aan sigarettenrook (21%). Deze relatie was echter niet meer 
significant nadat we hadden gecorrigeerd voor de leeftijd van het kind, het 
gemiddelde inkomen van alle volwassenen in het huishouden en de aanwezigheid 
van een tuberculosepatiënt in het huishouden. We vonden ook een significante 
relatie tussen M. tuberculosis infectie in kinderen en zowel het aantal sigaretten dat 
in het huishouden werd gerookt als het aantal rokers in het huishouden. Deze 
relatie was echter niet meer significant na correctie voor bovengenoemde 
verstorende variabelen. Passief roken was significant gerelateerd aan een positieve 
mantouxtest in de 172 huishoudens met een tuberculosepatiënt, maar niet in de 492 
huishoudens waar geen tuberculosepatiënt had gewoond. De resultaten van deze 
studie tonen aan dat meeroken de kans om geïnfecteerd te raken met M. 
tuberculosis vergroot in kinderen die ook zijn blootgesteld aan een volwassen 
tuberculosepatiënt. Dit is zorgwekkend aangezien in veel ontwikkelingslanden 
met een hoge prevalentie van tuberculose het aantal rokers snel toeneemt, 
voornamelijk ook onder vrouwen.  
 
Gevoeligheid voor tuberculose is een combinatie van genetische, gastheer 
gerelateerde, “strain”-specifieke en omgevingsfactoren. Deze factoren kunnen 
zowel de gevoeligheid voor TB infectie als het verloop van infectie naar ziekte 
bevorderen. In Hoofdstuk 9 vonden dat de grootte van de mantouxtest van meer 
vergelijkbare grootte was bij broertjes en zusjes dan bij kinderen niet gerelateerd 
aan elkaar. Dit suggereert dat een genetische component waarschijnlijk een rol 
speelt bij de immunologische reactie op M. tuberculosis infectie.  
 
In Hoofdstuk 10 presenteren we een algemene discussie over de methodes en de 
resultaten van het onderzoek. 
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S U M M A R Y
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OBJECTIVE: The development and evaluation of a new
chest radiograph reading and recording system (CRRS)
for community surveys of tuberculosis (TB) and lung
disease.
DESIGN: An experienced pulmonologist read 2608
chest X-rays (CXRs) performed as part of a TB preva-
lence survey using the newly developed CRRS. The
kappa (�) for inter-reader agreement was calculated
after a second reader reported on a stratified random
sample of 810 (31%) of the 2608 CXRs. The � for intra-
reader agreement was calculated from the repeated re-
porting of a stratified random sample of 104 CXRs.
RESULTS: The � agreement between the two readers

was 0.69 (95%CI 0.64–0.74) for abnormalities consis-
tent with TB and 0.47 (95%CI 0.42–0.53) for any ab-
normalities. The � for intra-reader agreement was 0.90
(95%CI 0.81–0.99) for abnormalities consistent with
TB and 0.85 (95%CI 0.74–0.95) for any abnormalities.
CONCLUSION: This standardised method for CXR
reading and recording provides satisfactory inter- and
intra-reader agreement, making it suitable for surveys of
TB and other forms of lung disease in the community. Its
use will permit comparisons of results obtained in differ-
ent surveys.
KEY WORDS: tuberculosis; chest radiograph; kappa;
dual reading; reproducibility

THE INTERPRETATION of chest X-rays (CXRs),
because of its subjectivity, is highly dependent on the
reader. Inter-observer differences and lack of consis-
tency of reporting,1–3 even by the same reader, has led
chest radiography, although widely used as a diagnos-
tic tool, to be not well regarded as a tool in tubercu-
losis (TB) surveys. Current practice is to minimise the
effects of observer error by employing a second or
third reader and then seek consensus,4–11 which is
both costly and effort-intensive. For the study of oc-
cupational lung disease, the use of radiology for both
clinical purposes and research has been greatly im-
proved by the use of a standardised reading method-
ology utilising reference radiographs, and a system of
accreditation for readers.12,13

We hypothesised that the use of a method similar
to that used for occupational lung disease might be of
benefit to researchers and even to practitioners evalu-
ating and recording CXRs on individual subjects
for the purposes of identifying and systematically re-
cording abnormalities. By transforming observed pat-
terns into categorical and semi-quantitative forms,
these may be used for both screening and follow-up
of patients. We report here the development and first
results obtained using a chest radiograph reading
and recording system (CRRS) that employs prin-
ciples similar to those used in the International Union
Against Cancer and the International Labour Or-
ganization (UICC/ILO) and the National Institute
for Occupational Safety and Health (NIOSH)12,13

radiographic reading methods and may be used in
conjunction with the UICC/ILO reference radiographs
and scoring system for occupational diseases, but
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extends this to recording detailed information and
descriptions of TB and non-occupational forms of
lung disease.

METHODS

Development of the CRRS
During the course of surveys of occupational diseases
and TB performed in southern Africa, one of the au-
thors (NWW) recorded the number and diversity of
radiographic features that might signify the presence
of alternative pathology. While employing the UICC/
ILO recording and reporting system for features for
which that system is devised, additional categories
were developed, where possible with provision for
semi-quantitation. The aim was to develop a reading
and recording system suitable for community-based
research, where the focus is on establishing the prev-
alence of lung diseases, including TB. Other require-
ments were that all data could be captured on a single
form designed for electronic data capture and entry
into a database, and that its use could be easily taught
and learned. The reporting form was developed and
refined in a series of studies and employed prospec-
tively in a large community survey in Cape Town: the
‘Lung Health Survey 2002 (LHS2002)’. The report
form (Appendix A) and instructions for its use (Ap-
pendix B) are provided with this report. The form
comprises sections devoted to a description of TB dis-
ease in its many forms, affecting the parenchyma, pleu-
ral and central structures. It also makes provision for
recording complications of TB (mycetomas, granulo-
mas, lobar volume loss, collapse and bronchiectasis),
and for description of many other lung diseases that
might be of value in characterising the burden of lung
disease in a community.

Evaluation of the performance of the CRRS in a
TB and burden of lung disease prevalence study
A lung health survey, including a TB prevalence sur-
vey, was performed in 2002 in two neighbouring com-
munities in Cape Town, South Africa. The prevalence
of new smear-positive TB was calculated to be 3 per
1000 (95% confidence interval [CI] 1–5/1000) (Den
Boon et al., submitted). During the survey, postero-
anterior chest radiography was performed on 2608
adults (�15 years) in a local clinic using a 200 MA
X-ray machine and 35 � 43 cm CXRs.

Training of readers and reading of CXRs
One experienced and trained pulmonologist (reader
1, NWW), who had no clinical or bacteriological in-
formation about the participants, read all 2608 CXRs
and completed the standardised report form. A sec-
ond reader (reader 2, DAE) received 5 h of special in-
struction on the use of the modified evaluation method
from reader 1. This involved reading at least 50 CXRs
selected to provide a range of representative patholo-

gies that would be encountered in the study set of
CXRs. Where relevant, these were viewed alongside
the UICC/ILO standard radiographs to ensure correct
scoring of profusion of abnormalities. Reader 2, blinded
both to the clinical and bacteriological results of the
subjects enrolled into LHS2002 and to the results of
reader 1, then reported on a stratified sample of 810
CXRs, comprising 31% of the complete data set.

The sample was stratified to contain all categories
of abnormality observed by reader 1. Intra-observer
variability was assessed by reader 2 rereading a sub-
sample of 104 of the sample of 810 CXRs, blinded to
his previous report. The sub-sample was selected by a
third investigator, and presented in random order, in-
terspersed with previously unread CXRs. Both read-
ers had originally attained the status of ‘B’ reader in
the UICC/ILO system of accreditation for reading of
CXRs from subjects with occupational lung disease,
but at the time of the study both were certified only as
grade ‘A’ readers.

Data collection and statistical analysis
Data recorded manually on the CRRS report form by
reader 1 were entered into a customised relational
database (Prospect Medical Information Services, Cape
Town, South Africa) by electronic capture involving
high speed scanning of the forms and electronic rec-
ognition. Second entry was performed manually. The
reports from reader 2 were captured manually through
double data entry. Inconsistencies between the first
and second entries from either reader were corrected
after scrutiny of the original reading form.

The primary objective was to examine the inter-
and intra-observer variation in recording major diag-
nostic categories on CXRs when using the CRRS.
These categories included 1) abnormal CXR, any ab-
normalities; 2) parenchymal abnormalities; 3) pleural
abnormalities; and 4) central structure abnormalities.
Where any of the abnormalities in the last three cate-
gories were considered potentially related to TB they
were also included in a fifth category: abnormalities
consistent with TB. The CXRs in the original set of
2608 were categorised as follows: 1906 were normal,
337 consistent with TB and 365 abnormal but not
consistent with TB. The following sample was taken:
300 normal CXRs (300/1906 � 16%), 310 CXRs
with abnormalities that were consistent with TB
(310/337 � 92%) and 200 CXRs with abnormalities
that were not related to TB (200/365 � 55%). How-
ever, during retrieval of the selected CXRs from the
CXR storage bank for the second reading, five CXRs
could not be located and the final sample comprised
299 normal CXRs, 310 CXRs with abnormalities
consistent with TB and 196 CXRs with other abnor-
malities (totalling 805 CXRs).

The kappa (�) statistic14 and its 95%CI were cal-
culated to evaluate inter- and intra-reader agreement
for abnormal CXRs, parenchymal abnormalities, pleu-
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ral abnormalities, central structure abnormalities and
abnormalities consistent with TB. Results of agree-
ment are interpreted as follows: values between 0.21
and 0.40 are considered to represent fair agreement,
between 0.41 and 0.60 moderate, between 0.61 and
0.80 substantial and between 0.81 and 1.00 strong
(almost perfect) agreement.15 In addition, the percent-
age observed total agreement (Po) was calculated.
Data analyses were done using SPSS 12.0 for Windows
(SPSS Inc, Chicago, IL) and an Excel spreadsheet
(Microsoft Excel, Palisade Corp, Newfield, NY).16

Ethics approval
The protocol for the LHS was approved by the ethics
committees of Stellenbosch University and the Uni-
versity of Cape Town. Permission to perform the
study was obtained from the City of Cape Town and
the Western Cape Provincial Department of Health.
The health committees of the community were in-
volved in the study and informed consent was obtained
from all participants.

RESULTS

Reader 2 considered 7 of 805 CXRs (0.9%) of inad-
equate quality. These CXRs were not read further and
can therefore not be compared with reader 1. Reader
2 considered 466 (58%) CXRs to be normal, 274
(34%) to show abnormalities consistent with TB and
58 (7%) to have abnormalities that were not related
to TB. The � agreement for whether or not the CXR

was normal was 0.47 (95%CI 0.42–0.53). Better
agreement was reached for the question if abnormal-
ities consistent with TB were seen: (� � 0.69, 95%CI
0.64–0.74). For the TB-related abnormalities, the
highest � agreement was reached for parenchymal ab-
normalities and the lowest for abnormalities of cen-
tral structures (Table 1).

During the prevalence survey, 29 bacteriologically-
positive cases (at least one positive smear and/or one
positive culture) were detected, of which 26 cases had
CXRs read by both readers. The readers agreed on 23
of the 26 (88%) cases having abnormalities on CXR
and one case having a normal CXR. They also agreed
on 22 of the 26 (85%) cases having abnormalities
consistent with TB and three cases not having abnor-
malities consistent with TB (Table 2).

The intra-reader agreement for reader 2 was high,
and better than between readers. The � agreement for
whether or not the CXR was normal was 0.85 (95%CI
0.74–0.95), and for the presence of abnormalities
consistent with TB it was 0.90 (95%CI 0.81–0.99).
The intra-reader agreement was highest for parenchy-
mal abnormalities and lowest for abnormalities of
central structures (Table 3).

DISCUSSION

The ability to compare the results of disease preva-
lence studies from different countries and regions
forms part of the global approach to addressing the
burden of TB and respiratory diseases. For this pur-

Table 1 Kappa (�) statistic and percentage observed agreement (Po) between two readers for abnormalities on CXR (n � 798)

Agreement
index

Abnormal, any
abnormalities 

n

TB-related
abnormalities*

n

Parenchymal
abnormalities

n

Pleural
abnormalities 

n

Central structure
abnormalities

n

� � 307 233 204 97 93
� � 195 74 66 33 66
� � 25 41 20 49 29
� � 271 450 508 619 610

Po (95%CI) 0.72 (0.69–0.76) 0.86 (0.83–0.88) 0.89 (0.87–0.91) 0.90 (0.87–0.92) 0.88 (0.86–0.90)
� (95%CI) 0.47 (0.42–0.53) 0.69 (0.64–0.74) 0.75 (0.70–0.80) 0.64 (0.57–0.71) 0.59 (0.52–0.66)

* A combination of the categories parenchymal abnormalities, pleural abnormalities and central structure abnormalities.
CXR � chest radiograph; TB � tuberculosis; � � � both readers agree positive; � � � reader 1 positive, reader 2 negative; � � � reader 1 negative, reader 2
positive; � � � both readers agree negative; CI � confidence interval.

Table 2 Percentage observed agreement (Po) between two readers regarding CXR abnormalities for bacteriologically positive 
TB cases (n � 26)

Agreement
index

Abnormal, any
abnormalities

n

TB-related
abnormalities* 

n

Parenchymal
abnormalities

n

Pleural
abnormalities

n

Central structure 
abnormalities

n

� � 23 22 21 10 9 
� � 2 1 2 0 2
� � 0 0 0 4 1
� � 1 3 3 12 14

Po (95%CI) 0.92 (0.75–0.99) 0.96 (0.80–1.00) 0.92 (0.75–0.99) 0.85 (0.65–0.96) 0.88 (0.70–0.98)

Kappa (� ) is not presented in this table because the total number of cases is small and this may bias the � results.
* A combination of the categories parenchymal abnormalities, pleural abnormalities and central structure abnormalities.
CXR � chest radiograph; TB � tuberculosis; � � � both readers agree positive; � � � reader 1 positive, reader 2 negative; � � � reader 1 negative, reader 2
positive; � � � both readers agree negative; CI � confidence interval.
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pose, standardised methodologies have been developed
for the study of several diseases, including asthma (the
International Survey of Asthma and Allergic Diseases
in Children [ISAAC] methodology)17 and chronic ob-
structive lung disease (the Burden of Obstructive
Lung Disease [BOLD] methodology).18 Similar stan-
dardisation has been achieved for radiographic sur-
veys of occupational lung disease. The UICC/ILO12,13

and NIOSH radiographic evaluation systems provide
validated standardised methodology and accredita-
tion of readers. There is a need for similar standard-
ised methodology for the study of TB and other lung
diseases, for which chest radiology provides a useful
method of detection and quantitation.

To date, a variety of reading methods of varying
quality and rigour have been applied in TB prevalence
studies, but to our knowledge there are no published
validations of these methods. The CRRS was devel-
oped by the late Neil White to address this deficiency.
The system, although primarily oriented towards TB,
provides for collection of data on the most significant
forms of lung disease for which radiology is a useful
screening method. The aim was to produce a method
that is less rigorous for the description of occupational
diseases than the UICC/ILO and NIOSH methods,
and which therefore does not require accreditation,
but is suitable for use by any person with clinical ex-
perience in chest radiology, whether formally trained
in radiology or not. Simplifications are the absence of
descriptions of the shape of parenchymal abnormali-
ties and quantitation of pleural disease. Reference
CXRs that provide more accurate assessments of pro-
fusion of parenchymal lesions may be used, but are
not considered essential in epidemiological studies of
general respiratory disease. On the other hand, the
CRRS includes more details of post-tuberculous lung
disease (lobar shrinkage, atelectasis and bronchiecta-
sis) and provides for the recording of many additional
radiological features. For convenience, these appear
not only as symbols, but are described in full on the
report form. An additional useful feature is the elec-
tronically compatible one-page format of the report
form.

The present study reports the first results on the
reader agreement obtained using this CRRS. The
reading form may need further development and eval-
uation, but the application of the CRRS in LHS2002
provides at least partial validation of the method, in
that two non-radiologists, with experience in reading
large numbers of CXRs both in clinical practice and
as part of epidemiological surveys, showed an accept-
able level of agreement in detecting major categories
of abnormality. Furthermore, the less experienced
reader reported with a high level of reproducibility.
The intra-reader agreement was almost perfect for the
question as to whether or not the CXR was normal as
well as for the presence of abnormalities consistent
with TB. These levels of agreement are higher than
those reported previously,1–3,19 and may be attribut-
able to the use of the standardised evaluation method.
Our results also compare favourably with those of a
recent study in which a similar simplified classifica-
tion system was used.20

The higher level of agreement for TB-related ab-
normalities than for any abnormalities may be ex-
plained by the fact that the CRRS makes provision
for more details of TB than for other lung diseases.
This focus on TB might influence the reader to con-
sider this disease more systematically. However, con-
firmation of these results by other observers in other
settings would be of value.

One of the weaknesses of our study is the fact that
a set of standard CXRs was not used to ensure that all
readers reported features in a consistent manner. Con-
sideration will be given to producing a standard set of
CXRs containing representative examples of common
and less common radiological features of TB (and
other lung diseases). These are likely to be of greatest
benefit in instances where reading is performed by
less experienced clinicians. Another weakness was
that we used only two readers, and that they had sim-
ilar experience. We can therefore not be sure that the
method can be applied with the same level of accu-
racy by other readers of lesser experience. This re-
quires further study, preferably using readers with a
different background and experience. Finally, the �

Table 3 Kappa (�) statistic and percentage observed agreement (Po) for two readings by one reader for CXR abnormalities
(n � 104)

Agreement
index

Abnormal, any
abnormalities

n

TB-related
abnormalities*

n

Parenchymal
abnormalities

n

Pleural 
abnormalities

n

Central structure
abnormalities

n

� � 44 39 33 20 13
� � 6 4 3 2 5
� � 2 1 0 5 4
� � 52 60 68 77 82

Po (95%CI) 0.92 (0.85–0.97) 0.95 (0.89–0.98) 0.97 (0.92–0.99) 0.93 (0.87–0.97) 0.91 (0.84–0.96)
� (95%CI) 0.85 (0.74–0.95) 0.90 (0.81–0.99) 0.94 (0.86–1.00) 0.81 (0.67–0.94) 0.69 (0.50–0.88)

* A combination of the categories parenchymal abnormalities, pleural abnormalities and central structure abnormalities.
CXR � chest radiograph; TB � tuberculosis; � � � both readers agree positive; � � � reader 1 positive, reader 2 negative; � � � reader 1 negative, reader 2
positive; � � � both readers agree negative; CI � confidence interval.
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statistic is influenced by disease prevalence.21–23 In
our study, the process of stratifying CXRs for reader
2 on the basis of categories of abnormality recorded
by reader 1 might have introduced a bias. Normal
CXRs were under-sampled and CXRs containing ab-
normalities were over-sampled, making the results
more relevant to high-prevalence disease areas; cau-
tion should be exercised in extrapolating to situations
where disease prevalence is low. In addition, the sur-
vey was performed in high TB, low human immuno-
deficiency virus (HIV) infection prevalence area, and
the study needs to be repeated in areas where the HIV
infection rate is high.

CONCLUSIONS

The use of the CRRS resulted in good inter-reader
agreement for TB-related abnormalities and almost
perfect intra-reader agreement. This CXR reading
and recording system may be useful in large-scale sur-
veys of TB prevalence and studies of respiratory dis-
ease in communities. This study suggests that chest
radiography may be much more useful as a screening
tool for TB than has been previously recognised. This
reading methodology needs further evaluation by more
readers and in different study settings.
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Figure Report form for the CXR reading and recording system (CRRS 2004).
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APPENDIX B

Instructions for the use of the chest radiograph read-
ing and recording system (CRRS 2004) for surveys
of TB and lung disease (developed by the late Prof
Neil W White).

1 The chest X-ray (CXR)

a This system is designed for recording features
observed on a standard-sized postero-anterior CXR
performed in the recommended manner.

b Reference radiographs, like those of the UICC/ILO
set, should be interspersed with those of the sub-
jects to ensure that descriptions of profusion and
size of nodules remain constant.

c Where previous or follow-up radiographs are
available, these may be provided with the index
set, to enable the clinical course of the disease to be
assessed.

2 The readers

a The system has been developed for use by trained
radiologists or experienced respiratory physicians
who are able to correctly recognise and interpret
CXR abnormalities of all varieties.

b All readers should receive training in the use of the
CRRS, preferably at a common session to ensure
consistency of use and interpretation of instruc-
tions. It is recommended that training involve at
least 50 CXRs containing abnormalities, and that
readers agree on interpretation and rating of abnor-
malities on these CXRs before they begin to assess
the test series.

c For the purposes of surveys, CXRs should be read
by two readers, and concordance should be obtained
on the major categories of abnormalities; the pres-
ence of tuberculous disease (current or healed),
parenchymal abnormalities (broad agreement of
primary lesions), pleural disease and abnormalities
of central structures. Where reports differ, consen-
sus should be sought in each case.

d The readers should be ‘blinded’ to the history and
clinical features of each subject and to the report of
the other reader. Where rereading is performed, the
order of presentation for reading should be altered.

3 The report form
a Form number The report form (Appendix A) is a

single page and has a unique serial number and po-
sitioning blocks at each corner to permit the con-
tents of each response block to be captured elec-
tronically via a high quality facsimile machine or
scanner. The data can be ordered and stored ac-
cording to the unique form number, ensuring sub-
ject confidentiality. In addition, each subject is
identified by a subject number.

b Completing the form The form is completed by
hand. Use of a soft black pencil is advised. To en-

able electronic capture, a cross should be made in
each block with bold strokes. Care must be exer-
cised to ensure that as much of the block as pos-
sible is covered by the cross, and, although it is ac-
ceptable to stray outside the block, no mark must
be allowed to appear in a neighbouring square.
The following fields are completed in order:

Section 0
0.1 Subject number For reasons of confidentiality,
the form must not contain any personal identifiers
such as name, date of birth, or address. Instead, each
subject or patient is assigned a unique subject number
up to 5 digits. The code linking subjects to their num-
bers must be stored separately by a designated clinical
researcher, according to requirements of the local ethics
review board. Each digit (1 to 9) is made recognisable
for electronic capture writing them as squared-off
numbers on a grid of 6 dots arranged in two columns
of 3. Numbers are written as follows: 1 � join 3 left
hand dots; 2 � join all dots starting with the top
left dot and ending at the right bottom dot; 3 � join
all dots starting with top left dot to form a 3; 4 �
join top two dots on left, middle two and all 3 on
right; 5 � join top dots, left hand upper two, middle
two, right lower two and bottom two; 6 � join top
two, left three, bottom two, right lower two and
middle two; 7 � join upper two and right hand three;
8 � join all 6 dots to form the number 8; 9 � join top
two, left hand top two, middle two and right hand 9.
0.2 Date of X-ray The date is entered in numbers
as described above, beginning with the day, then
the month in numerals, and then the year as four
digits.
0.3 Radiograph quality Radiograph quality is judged
as follows. 1 � high quality, 2 � acceptable quality,
3 � poor quality, barely readable (caution must be
exercised in interpreting abnormalities on radio-
graphs of this quality), and 4 � unreadable radiograph
(no attempt should be made to read such radio-
graphs). When 2, 3 or 4 is entered, a comment
should be entered in the adjacent block identifying
the nature of the quality deficiency. Examples are:
over-exposed, under-exposed, movement artefact,
poor positioning of subject, and absence of date or
subject identifier.

Section 1.0
This section requires a response to the question ‘Ra-
diograph completely negative?’. If answered in the af-
firmative, no further details need to be recorded, and
the exercise is complete. However, as this can only be
completed when a full assessment of the radiograph
has been made, it should be completed last, and only
when no other entries of positive features have been
made on the form.
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Section 2.0
Features of TB The question ‘Any abnormalities
consistent with TB?’ serves as a summary statement
for the presence of features of TB useful for preva-
lence studies. These may involve any of the thoracic
structures (parenchyma, pleura, nodes or bones), and
the question refers to any lesions, whether considered
active or ‘healed’. This question should only be com-
pleted when the assessment of each of the thoracic
structures and Sections A to E have been completed.

Section A
A.1 Parenchymal abnormalities A.1 records the
presence of parenchymal abnormalities, categorising
them into cavities, fibrosis, infiltrates or nodules. Fi-
brosis refers to scarring of the lungs considered to be
caused by TB, and should not be used to describe dif-
fuse fibrosis as occurs in idiopathic pulmonary fibro-
sis and other forms of diffuse parenchymal disease.
TB-related fibrosis occurs in characteristic locations—
the apico-posterior or apical regions of the upper
lobes—but can occur elsewhere and be extensive. In-
filtrates refers to all intra-pulmonary opacities con-
sidered not to represent cavitation, fibrosis or nodules
(of any size). This includes consolidation of lung pa-
renchyma. Changes that are dominant are described
as primary (A.1.1), and those of lesser significance as
secondary (A.1.2). This requires the clinical judgment
of the reader, and is based upon the likely origin of the
lesion and its clinical effects. More than one block
may be scored. In A.1.3, the number and location of
lung zones affected by the pathology in A.1.1 and
A.1.2 is recorded as left and right lungs, upper, mid
and lower zones, as viewed on a PA radiograph.
A.2 Nodular abnormalities Question A.2 is only
used if the reader has recorded the presence of nod-
ules as a primary or secondary abnormality in ques-
tion A.1. First, their size is recorded. This is recorded
in one of three size categories: �1.5 mm, 1.5–3.5
mm, or 3.5–10 mm in diameter. Unlike the UICC/ILO
classification, the shape of the lesions (rounded or ir-
regular) is not recorded. When they are homoge-
neous, the size response is entered as a primary ab-
normality. If size is heterogeneous, the predominant
lesion should be considered primary, and the minority
lesion size as secondary. The second exercise is to
record profusion. In accordance with the methodology
of the UICC/ILO classification, profusion is scored on
a 12-point scale ranging from 0/� to 3/4 (0/�, 0/0, 0/1,
1/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 3/4). The appro-
priate profusion score is entered as a single point on a
latin square on the report form. The UICC/ILO stan-
dard reference radiographs may be used as a check of
scaling and consistency of recording (see 1.b, above).
A.3 Mycetoma Questions A.3, A.4 and A.5 describe
specific pathologies. In A.3, the presence of a myce-
toma (almost always within a pre-formed cavity) is

recorded as absent or present, and the lung in which
it occurs is recorded as left and/or right.
A.4 Granulomas These differ from nodules in that
they are usually larger than 10 mm, and are frequently
calcified. They are recorded as absent, or if present, the
lung in which they occur is noted, as is the presence or
absence of calcification. If non-calcified, other causes
of solitary nodules should be considered, and this
should be recorded as ‘Ca’ (suspected cancer) in sec-
tion F.1. Non-calcified granulomas should only be
considered as being caused by TB if they occur in the
presence of other clearly identifiable features of TB.
A.5 Lobar volume loss/collapse/bronchiectasis The
presence of any of these features is recorded as ab-
sent, or present in the right and/or left lung. They are
grouped, as in TB these features frequently co-exist
and may be difficult to distinguish without the assis-
tance of computerised tomography.

Section B
B.1 Pleural abnormalities The presence of any
pleural abnormality is recorded. If any is present, the
following three forms of pleural disease that are com-
monly associated with TB are recorded.
B.2–B.4 Apical caps, pleural effusions or thickening
(these can be difficult to distinguish from one another
and are therefore grouped) and costophrenic angle
obliteration, often a sign of early or previous pleural
disease. The latter is reserved for when there is no ev-
idence of effusion/thickening superior to the costo-
phrenic recess, i.e., extending up the lateral chest wall.

Section C
Previous X-ray The value of viewing previous radio-
graphs is recognised in this question. If any are avail-
able, the reader is required to simply select the most
appropriate radiograph from which to judge the
natural history or ‘projectile’ of the abnormality; are
the abnormalities improving, unchanged or deterio-
rating? This requires clinical judgement. The date of
the comparator radiograph is entered in block nu-
merals, as described above.

Section D
D.1 Central structure abnormalities The following
features, each commonly associated with tuberculous
disease, are recorded:
D.2 Tracheal deviation
D.3 Hilar elevation
D.4 Mediastinal shift
D.5 Pericardial effusion Unless calcified, the radio-
graph has low accuracy for distinguishing pericardial
effusions from other causes of an enlarged cardiac sil-
houette. The latter should be considered in each case,
and other features of left ventricular failure should be
sought.
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D.6 Lymphadenopathy (subcategorised as hilar, me-
diastinal and/or calcified).

Section E
E.1 Any other abnormality consistent with tubercu-
losis A coded box allows entry of yes or no, but the
abnormality may be entered in writing. Examples are
pericardial disease or bone involvement.

Section 3.0
Any other abnormality This summary question re-
lates to Section F, which comprises, for convenience
of reporting, a checklist of abnormalities under the
following headings: surgical (signs of surgical inter-
ventions), skeletal (bony abnormalities), pleural dis-
ease (other than that described above under features
of TB), mediastinal, and abnormalities of the lungs
and hilum. To aid the user, definitions of the abnor-
malities appear on the report form. Mesothelioma

refers to suspected mesothelioma. Honeycomb lung is
applied to areas of diffuse reticulation representing
broad bands of fibrosis, as occurs in the presence of
extensive parenchymal fibrosis.

Section G
G.1 Other disease The reader has an option to use
free text to provide a radiological diagnosis of any
specific disease entity that has not been adequately
covered.
G.2 Comments This may be used to elaborate on
any symbol used, to describe another (non-disease)
abnormality or provide further details about condi-
tions mentioned in Section G.1.
0.4 Reader This section resumes from the first sec-
tion. The reader’s name is recorded.
0.5 Reading date Date of the reading is recorded in
squared digits (as described above).

R É S U M É

OBJECTIF : Elaboration et évaluation d’un nouveau
système de lecture et d’enregistrement des clichés thora-
ciques (CRRS) pour les enquêtes concernant la tubercu-
lose (TB) et les maladies pulmonaires dans la collectivité.
SCHÉMA: Un pneumologue expérimenté a lu 2.608 cli-
chés thoraciques réalisés au sein d’une enquête de préva-
lence de la TB en utilisant le CRRS élaboré récemment.
Le kappa (�) pour la concordance entre lecteurs a été
calculé après qu’un deuxième lecteur ait enregistré ses
résultats dans un échantillon stratifié pris au hasard de
810 (31%) des 2.608 clichés thoraciques. Le � de con-
cordance chez le même lecteur a été calculé à partir de ré-
sultats enregistrés à répétition dans un échantillon de
104 clichés thoraciques stratifié et pris au hasard.
RÉSULTATS : Le � de concordance entre les deux lecteurs

a été de 0.69 (IC95% 0,64–0,74) pour les anomalies
compatibles avec une TB et de 0.47 (IC95% 0,42–0,53)
pour n’importe quel type d’anomalies. Le � de concor-
dance entre deux lectures du même lecteur a été de 0,90
(IC95% 0,81–0,99) pour les anomalies compatibles
avec une TB et de 0,85 (IC95% 0,74–0,95) pour n’im-
porte quel type d’anomalies.
CONCLUSION : Cette méthode standardisée de lecture et
d’enregistrement des clichés thoraciques obtient des con-
cordances satisfaisantes entre lecteurs et chez le même
lecteur, ce qui la rend adéquate pour les enquêtes de TB
et d’autres maladies pulmonaires dans la collectivité.
Son utilisation permettra la comparaison des résultats
obtenus dans différentes enquêtes.

R E S U M E N

OBEJTIVO : Establecer y evaluar un nuevo sistema de
lectura y registro de las radiografías de tórax (CRRS)
para estudios comunitarios sobre tuberculosis (TB) y en-
fermedades pulmonares.
MÉTODO : Un neumólogo con experiencia leyó 2608 ra-
diografías de tórax que formaban parte de una encuesta
de prevalencia de TB, utilizando el CRRS. El índice � de
concordancia entre los lectores se calculó teniendo en
cuenta el informe de la segunda lectura de una muestra
aleatoria de 810 de las 2608 radiografías torácicas
(31%). El índice � de concordancia para cada lector se
calculó a partir de los informes repetidos de una muestra
estratificada de 104 radiografías de tórax.
RESULTADOS : El índice � de concordancia entre dos

lectores fue 0,69 (IC95% 0,64–0,74) para las anomalías
indicativas de TB y 0,47 (IC95% 0,42–0,53) para todo
tipo de anomalías. El índice � de concordancia para cada
lector fue 0,90 (IC95% 0,81–0,99) para las anomalías
indicativas de TB y 0,85 (IC95% 0,74–0,95) para todo
tipo de anomalías.
CONCLUSIÓN : Este método normalizado para la lectura
y el registro de las radiografías de tórax comporta un
grado satisfactorio de concordancia intra e interobserva-
dores, que lo hace idóneo para las encuestas sobre TB y
otras formas de enfermedad pulmonar en la comunidad.
Su utilización permitirá establecer comparaciones entre
los resultados obtenidos en diferentes estudios.
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