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EXECUTIVE SUMMARY

This literature review and workshop were arranged in order to determine a possible research
agenda for active case-finding for tuberculosis in South African mines. The review has
focused on mass screening methods rather than other methods of active case finding. Over
400 articles were obtained as well as unpublished data from South African researchers. The
articles were divided into categories according to themes and these were read by the
research team members who then presented their findings at a 2-day workshop. The
attendees at the workshop debated the relative merits of the available screening methods
and came to a number of conclusions that have been incorporated into this review and
discussion report. The literature review found that there was very little published research into
methods of mass screening for tuberculosis (TB). There was a great deal of published
research, however, into diagnostic tests that might be adapted for screening purposes, and
this body of literature has been reviewed. Symptoms questionnaires have not been
standardised nor formally evaluated. Chest Xrays were not, in general, recommended for
mass screening purposes, although the possibility that an increased frequency of chest Xray
screening might lead to a reduced case fatality rate was believed to be worth further
investigation. Skin tests were not useful for screening for active disease. Sputum smears
might have potential as a screening method in spite of low sensitivity, but not as a mass
screening method. Among the novel methods, those that were based on detection of three
antigens specific to Mycobacterium tuberculosis showed most promise for the future. These
tests are either in the form of an interferon-gamma production system or a patch test that is
applied to the skin. The interferon-gamma systems are probably too impractical (and
expensive) for mass screening purposes. The skin patch test, however, may prove to be
useful. The patch test is currently undergoing rigorous evaluation in this country (as a
possible definitive diagnostic test rather than as a screening test) and the esults will be
available at the end of 2005. It is recommended that the question of using the patch test as a
screening tool be re-visited once those results are known. The main recommendation at this
stage is that before screening methods are researched further, mines should work to improve
the standard of delivery of the tried and proven methods for case detection. Once these are
optimised it might be worth conducting research into new case-finding methods. Towards this
end the recommendation is made that further research is carried out into the status of current
practice in the mines and the nature of the decision-making and policy-making processes as
far as TB is concerned. In addition, the methods whereby such decisions are implemented
and the attitudes and practices of health care workers should be investigated. There are also
two second level priorities. The first is that consideration be given to repeating the chest Xray
screening study, with randomisation of mines or shafts rather than randomisation of miners, in
order to see whether the observed benefit of a lower case fatality rate can be duplicated. The
other is that a study be conducted with a view to improving the quality of sputum bacteriology

services in the mines.
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INTRODUCTION

This review of the literature has focused on active case finding methods for pulmonary
tuberculosis with special reference to practice on South African mines. Although mass
population screening for active tuberculosis is not recommended by the World Health
Organization, the International Union Against Tuberculosis and Lung Disease, or the
Chamber of Mines of South Africa, this review has been carried out from the perspective of
mass screening rather than the screening of sub-groups that may be considered at increased
risk, in order to investigate whether this position needs to be re-examined in the light of recent
developments in TB diagnostic methods and the very high rates of tuberculosis on South

African mines, especially the gold mines.

Screening of special groups such as room contact tracing has not been specifically
addressed, although the application of screening methods to high risk groups will, logically,
result in a higher yield of cases, and hence render the screening activities more economical.
Lowe et al, for example, have shown that the application of a variety of screening methods
(chest Xrays plus sputum microscopy and culture and perusal of serial weight records) to
miners who were room contacts of smear positive patients is an efficient way of identifying
new TB cases . This review has had to be done in the context of the properties of diagnostic
tests so that reports on the performance of the various methods when used as definitive
diagnostic tests has also been incorporated into the review. The findings from the literature
review were discussed at a Zday workshop involving a number of role players and expert

epidemiologists.

The results presented in this report incorporate the views and recommendations of workshop
participants as well as evidence from published and unpublished scientific studies. The aim of
the report is to tell a story, namely that while there may be several opportunities for useful
further research into new tuberculosis diagnostic and screening methods on South African
mines, these should not be the priority at present. The priority, instead, is to improve the
management and cure of patients who are identified using the existing systems in place on

South African mines.

The report begins with a brief background overview, followed by a description of the methods
used. Thereafter, existing methods of diagnosis and screening are reviewed in turn. These
are questionnaires about symptoms, skin testing, chest radiographs, and bacteriological
examination of sputum used as a screening method. Possible novel methods of screening are
then reviewed. Workshop commentaries and recommendations are integrated with the

literature review throughout, and are clearly identified as such.

Finally, the findings of this review are discussed and recommendations are made concerning
the prioritisation of future research into diagnosis and screening for tuberculosis on South

African mines.



BACKGROUND TO THE REVIEW

The reported incidence rate of tuberculosis among South African miners has increased
steadily over the last 20 years and this is illustrated, for gold miners, in the following graph

(Professor Gavin Churchyard, various sources, personal communication):

Figure 1: The annual crude incidence rates for tuberculosis (all types) by year in South
African gold miners, The South African population in general, and the United States of

America.

It is emphasised that the incidence rates in Figure 1 are crude incidence rates that are not
age- or gender- specific. The South African national incidence rates would be expected to be
lower since they use the entire population of South Africa as the denominator, including
women and children. In South Africa the national age- and gender- specific reported rates
are higher among men (an approximately 7-fold increased case-load among men versus
women for the years 1990-2001) and among adults (approximately a 3-fold increase in the
case numbers among adults versus non-adults for the period 1990-2001). Since the miners
are adult males, direct comparisons with the national rates are not easy to interpret.
Unfortunately the national TB reporting does not give the age- or gender- specific rates, and
neither is the raw data available in the public domain that would make the calculation of such

rates possible (the Department of Health merely presents the data as bar charts for the

numbers of cases without any accompanying figures) .



Sonnenberg et al have reported on the change in the age-standardised incidence rate among
male miners on 4 South African gold mines between the years 1991 to 1997, involving 53 296
person-years of follow-up. They found that the crude incidence rate increased by 165%
among the HIV non-infected miners and 764% among the HIV -infected miners over this time
period. The age-standardised rates increased by 108% and 129% respectively over the same
time periodg. These results indicate a compound rate of increase of the age-standardised
incidence rates of approximately 10% per year over the study time period. The greatest
increases in incidence rates for tuberculosis (TB) have been observed on those mines where
the prevalences of the human immunodeficiency virus (HIV) are the highest and especially on
gold mines where there is, in addition, a higher level of exposure to silica dust than in other
types of mine. Lower incidence rates for TB have been reported from mines where the

exposure to silica dust and the HIV prevalence rates are lower.

For example, in an audit carried out in a number of South African coal mines during 1999, the
incidence rate for TB, as recorded in the TB registers, was found to be between 168 and 437
cases per 100 000 per year. These crude rates never exceeded the crude rates for the
general surrounding populations, and in some case were 50% lower than in the surrounding

populations. The reported cases were all cases of pulmonary TB (pTB) except for 2 cases’”

Annual chest radiographs are routinely carried out on almost all of the mines in South Africa.
In addition, there is a widespread practice of reminding miners of the symptoms of pTB at
their annual re-induction medical examinations, and of encouraging them to present early for
investigation should they develop any of these symptoms. Apart from a few studies that have
been carried out examining the usefulness of alternative andfor additional screening
practices, the annual chest radiograph represents the only widely used method of screening

for active pTB on South African mines.

These prolonged and repeated increases in the annual incidence rates for pTB on South
African mines have led to a re-examination of the strategies in place to bring the TB epidemic
under control. One possible approach would be to shorten the time for which diseased miners
are infectious, and thereby reduce transmission, through the adoption of additional or
modified screening pactices aimed at early detection of those with active disease. The
rationale behind such a strategy is that cases of pTB that are detected by active case-finding,
when compared to those detected by passive case-finding, are likely to have been infectious
for a shorter period of time, are less likely to have symptoms of pTB, and hence are likely to

. 6
have less advanced disease’.

This literature review and workshop were commissioned by SIMRAC in order to review and

discuss the evidence around screening for active tuberculosis.



METHODS

A Medline search was carried out for the period 1993 to 2002, using various combinations of
the following key words: tuberculosis, diagnosis, screening, skin tests, chest x-rays, sputum
examination, molecular methods, PCR. Well over 2000 articles were identified by this method
and, after perusal of the titles, these were reduced to 455 articles of possible relevance.
Abstracts were then requested for these articles. These abstracts were read and 390 were
selected for probable relevance. Full text copies were obtained for these articles. The
SIMRAC data-base was known to contain a number of articles in full text on CD-ROM that
might be unpublished yet relevant. These CD-ROMs were obtained. The [UATLD
(International Union Against Lberculosis and Lung Disease) has published a number of

reviews and guidelines over the last two decades.

These publications were used to cover review of earlier (pre-1992) work in the area. Appeals
were published on the internet in two separate TB interest egroups for any unpublished
information. There were no responses to either of these invitations. The review was divided
into several areas of common interest. The relevant articles were given to the individual
researchers to summarise and critique, and they were asked to add any important and
relevant sources that they may have, either published or not. The areas and researchers

concerned were as follows:

Using questionnaires and weight loss:  Dr Jill Murray

The situation in South African mines: Dr Jill Murray; Dr Michelle Wong

Skin testing and screening theory: Prof Brendan Girdler-Brown
Economic evaluation: Dr Seloacoe Thooe
Epidemiology: Prof Gavin Churchyard
Sputum examination: Dr Salome Charalambous
Chest Xrays: Dr Peter Godfrey-Faussett
Novel methods: Dr Karen Weyer

Dr Karen Weyer prepared the summary of the novel methods for screening. She also kindly
provided a summary (presented in Appendix 4) of unpublished findings from her own
evaluation of some proposed novel diagnostic tests. Based on these reviews, the researchers
then prepared summaries that were presented at a two-day workshop. Participants in the
workshop were identified in such a way as to include the known South African researchers in
the field as well as operational eperts from the mining industry and new researchers. Dr
Peter Godfrey-Faussett from the London School of Hygiene and Tropical Medicine, was
invited because of his recognised international stature as a TB epidemiologist with long
experience in Africa as well as in the South African gold mines. A pre-workshop reading set
was also prepared and sent to workshop participants in batches 1 month before the workshop
so that the new researchers, especially, would come to the workshop with an understanding
of the screening theory and terminology. Workshop participants were given a pre- and post-

test to complete in which they were asked to indicate their views on the value of further



research into the various screening methods available. The returns were anonymous. Nick-
names were used to link up the pre- and post- responses. The questionnaires are presented
as Appendix 1. After each presentation, the workshop participants were invited to discuss the
evidence and its relevance to the mining situation in South Africa. On the second day
participants divided into groups where the evidence was discussed and possible priority
research areas were identified. An adapted nominal group technique was then used, working
with all the participants as a single group, to obtain a consensus about the research priorities.
The principle investigator then collated the findings and wrote up the process. An explanation
of the screening concepts and terminology used in this review is provided in Appendix 2,

which contains the readings that were sent to workshop participants prior to the workshop.

TUBERCULOSIS CONTROL ON SOUTH AFRICAN MINES

Almost all South African mines follow a policy whereby all mine workers undergo annual chest
X-ray screening for lung disease (including TB). In addition, annual "re-induction" medicals
are performed in most mines, but often affecting only the mine workers and excluding contract
workers. Although contractors (whose staff may make up as much as 30-50% of the people
working in a mine) are often required to screen their employees for occupational diseases, as
part of their contract with a mine, the level of adherence has not been reported in the
literature. The Chamber of Mines of South Africa last reported on incidence rates for TB
among miners in 1997, aggregated by type of mine (personal communication, Dr. Charles
Mbekeni). The practice has since been discontinued. The last figures released in an
aggregated form by the South African Chamber of Mines are summarised in the next
diagram, prepared by Professor G.J. Churchyard for the Mount Grace TB Screening

workshop held as part of this review.

Year

Gold _ Coal __ Other

Figure 2: TB case rates on gold, coal and other (largely platinum) mines

(Chamber of Mines 1997)



In South Africa, the law requires that cardiorespiratory organs are examined, during legally
mandated autopsy, on all miners and ex-miners who die, provided that the family agrees. The
results of these autopsies are available in a unique database kept at the National Institute for
Occupational Health (NIOH). Their report for the data from 2002, show that 20.7% of the
autopsies carried out during that year revealed active pTB. This figure is probably an
underestimate since, although the autopsies are mandated by law, 30% were carried out on
white ex-miners who make yp a much lower proportion than this of the workforce, and who
are thought to have a lower risk for pTB. In fact, the autopsy rate among black gold miners

was reported as 27.47%".

This implies that deaths of black ex-miners are under-represented. In fact, the prevalence of
active pTB among black miners seen at autopsy was reported as 28.9%. Murray et al have in
addition, reported on autopsies on a series of 1858 miners from all types of mine who died
while in employment over a 1 year periodg. They found that 250 of these miners had active
TB, or were on treatment for definite TB, at the time of death, and 155 (62%) of these had not
been diagnosed as having TB prior to their deaths. An additional 100 deceased miners were
on TB treatment at the time of death although there was no convincing evidence, on
examining their case notes and laboratory data, that they in fact had TB. On reviewing the
case notes it was discovered that many of the missed cases of TB had not been adequately
investigated for TB in spite of complaining of classical TB symptoms such as cough, weight

loss and night sweats.

Furthermore, Churchyard et al’ have reported that sputum-based measurements of incidence
and prevalence rates among a group of gold miners indicate the mean duration of disease to
be over 1.79 years in those HIV non-infected miners with pTB and 0.61 years in those who
were HIV-infected. This suggests that there may be a considerable delay before TB is
diagnosed and treated, especially in those patients who are not HIV-infected. This offers an
opportunity for screening to be effective, and also an opportunity for improving the early

detection of TB by improving the routinely available diagnostic services.

There is a national South African Tuberculosis Control Programme that is based on best
practice recommendations of the IUATLD and the World Health Organization (WHO)m. In
addition, the South African Department of Minerals and Energy (DME) has produced a
guideline for practice on the mines that meets all the requirements of the national guidelines
and, in some respects, exceeds the national guideline recommendations''. There has been
no mining industry-wide study to determine how well mines are adhering to the DME's or the
national guidelines. A postal survey carried out in 1998 managed to elicit only a 10%
response, and the results of that survey were thus never published. However, the survey
revealed that compliance with national policy might be extremely variable, with 1 respondent
even stating that they "never" notified cases of TB (author, personal recollection). A number of
smaller mines approached stated that they used part-time local general practitioners (GPs) to

diagnose and treat TB patients, depending on which GPs were available to provide the



service as and when needed. As a result they were uncertain as to whom to ask to complete
the questionnaire. None of these mines had a regular performance review with regard to their

management of TB cases.

Girdler-Brown and Ross"® conducted a practice audit for a South African coal mining
corporation in 1998/1999 involving 7 different collieries. The results of that audit were very
encouraging, and showed a good standard of management in the mines concerned.
However, it is possible that mines that are unsure of their standards of practice might be
reluctant to go through a similar process, so that those findings may be non-representative of
the general situation. In the gold mining sector, where, due to the exposure to silica dust, the
TB incidence rates are higher, there has been much published research on TB over the last
decade. In addition, some large corporations have invited international experts to audit their
practice and have fared well in these audits (Prof. Gavin Churchyard, Dr. Jill Murray, personal

communications).

The fact remains, however, that it is not possible to make any scientifically valid general
statement concerning the level of practice or performance in the industry as a whole.
Although, in general, the overall increase in the incidence rates of TB over the last decade
can be explained by the rising prevalence of HIV infection, it remains unexplained why some
mines have reported much higher crude incidence rates than others with the same or similar
HIV prevalence rates and the same or similar silica dust exposures. There is also some
anecdotal as well as objective evidence of poor standards of practice in some mines and/or

corporations.

The crude incidence rates of TB have been rising in the South African mining industry over
the last decade. This conclusion is based on actual studies12, reports received by the
Chamber of Mines up to 1997 and on serial autopsy reportsB. The incidence rate data
referred to also demonstrates that the rates are highest, and rising most steeply, among gold
miners. In addition, the proportion of patients with recurrent pTB has been increasing, at least
in some Settingsm. The autopsy reports show that the proportion of those examined with
active TB rose from 0.9% to 3.9% between 1976 and 1991. This trend remains evident after
correcting for increasing age and length of service, and is statistically significant. Kleinschmidt
and Churchyard have, further, shown that within the gold mining industry, rates vary by
occupational type and are higher in those groups where exposure to silica dust is greatestm.

% and the prevalence rate of HIV infection’ are the two factors that

Exposure to silica dust’’
are commonly cited in order to explain the high and increasing crude rates of TB among
miners, especially gold miners, and the evidence of increased risks for tuberculosis following
these two kinds of exposure is now very strong. The influence on the risk rates is
multiplicative, so that a relative risk of 3 for developing TB if exposed to HIV and a relative risk
of 2.5 for developing TB if exposed to silica, results in a relative risk of 7.5 (and not 5.5) if

exposed to both factors. However, it should be remembered that these conclusions have

been reached on the basis of crude incidence rates that have not always been adjusted for



age: the mining workforce is predominantly male, and although this is true for the entire
period for which the dramatic increase in incidence rates has been observed, there is

. . . . . a3
evidence that the average age of mine workers has increased in the same period ~.

The study by Churchyard et al’ is thus far the only recently reported study in which the
duration of infectiousness has been estimated in South African miners. In that study, as
already mentioned, the average duration of disease was estimated at 7.32 months for those

who are HIV-infected and 21.5 months for those who were HIV non-infected.

This difference is explicable on the basis that those who are HIV -infected are likely to become
symptomatic, and to seek medical care, more quickly following the onset of disease.
Furthermore, there is now a large body of evidence showing that TB is more likely to be either
extra-pulmonary or smear negative if pulmonary, in those who are HIV -infected' . Thus,
although the HIV epidemic has resulted in dramatically increased incidence rates of TB, it is
likely that the contribution of the HIV epidemic to the spread of TB may be less than at first
feared. Having said this, however, the recent paper by Sonnenberg et al’ has shown that,
even among those miners who are HIV non-infected, there has been a compounded growth
rate in the age-adjusted incidence rate of approximately 10% per year between 1991 and
1997, and this cannot be explained by increasing exposure to silica dust, since age-

standardisation will to some extent have adjusted for such exposure.

There have been a number of recent reports from developed countries '*%° with relatively low
TB incidence rates indicating that approximately 40% of cases of pTB are epidemiologically
linked to other recent cases. Although the proportion is sometimes higher among those who
are HIV-infected, the proportions in those who are HIV non-infected are higher than has been
previously thought, and, in fact, Behr et al' have found that HIV infection status did not affect
the proportion (39% in their study) of patients who were ill with recent infections rather than
reactivation of long-standing infections. Other researchers have found somewhat lower rates

of clustering (20%) in communities in developed countries®

Godfrey-Faussett et al have reported on a prospective cohort study of TB in South African
gold miners using DNA fingerprintszg. They showed that, in their cohort, over 50% of cases
were likely due to recent transmission. They also showed that although 12% of this
transmission was from index cases living in the same room, the majority of the transmission
was between those who did not share the same room, and, especially, from index cases who
were "chronic” cases. A further report involving 326 cured patients followed up for a mean of
approximately 2 years, found that of 39 cases of repeat episodes of pTB in whom paired DNA

fingerprints were available, 14 had the repeat episode with a new strain of M. tuberculosis”"

However, the proportion of patients differed when they were grouped according to HIV
infection status. In that study, 13/21 of the HIV-infected patients had a repeat episode with a
new strain (implying that the infection that led to the disease was recently acquired) as

opposed to only 1/18 of those who were HIV non-infected.



Ten Asbroek et a” have studied the serial interval (the time elapsing between the onset of
illness in an index case and its secondary case) using DNA fingerprinting in the Netherlands.
They studied 233 such primary-secondary pairs. The distribution of the serial intervals was
markedly positively skewed (range 0-130 weeks) with a geometric mean of 27.5 weeks for
pTB pairs. The serial intervals for those who were HIV positive were far shorter (8, 12 and 23

weeks).

These findings, that a fairly high proportion of active TB disease is caused by recent
infections rather than reactivation of latent infections, were predicted by the results of the
Prophit survey which was carried out on a cohort of 20000 young English adults between
1936 and 1944. In that study it was found that the rates of tuberculosis disease among those
who were already skin test positive at entry to the study were double in those groups with

high exposure compared to those with low exposure to cases of active pTBZG.

USING SYMPTOMS QUESTIONNAIRES AS SCREENING TOOLS

A large number of studies reported from around the world have examined the associations
between symptoms and TB disease. Most of these studies report on the prevalences of
symptoms among those detected by passive case finding. Ward et al have recently published
data from aboriginal patients in Saskatchewan in which they compared symptoms rates

among those detected by active and passive case finding.

Their findings are fairly typical of what has been reported elsewhere and are presented below
(patients often had more than 1 symptom each, so the percentages add up to more than

100%)":

SYMPTOM % of all those with disease
Active Passive
N 450 453
Daily cough for more than 1 month 59% 84%
Unexplained fever for more than 1 week 19% 47%
Weight loss 9% 30%
Night sweats 9% 17%
Blood in the sputum 1% 12%
Smear positive sputum 4% 371%

Table |I: Symptoms percentages among TB cases detected by active and passive methods
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Of note is that while 36% of those detected by active case finding had no symptoms, the
percentage of those detected by passive case finding with no symptoms was less than 1%. In
another survey of patients in Vietnam, it was shown that male patients were significantly more
likely to admit to cough, sputum expectoration, fever, tiredness, anorexia, chest pain,

haemoptysis and headache, but not weight loss, than female patients.

This suggests that, if the same is true in South Africa, symptoms screening may be more

productive in the mines setting, where the vast majority of subjects are male”.

A report from the Sudan® shows that the vast majority of symptomatic patients will be
detected passively within 2-4 months of the onset of their symptoms, so that it is unlikely that
symptom screening performed only once a year will detect a large proportion of patients who

would not have self-presented.

Although the use of symptoms has been shown to be of little use to discriminate between
patients with pTB and those with other respiratory disease™, since pTB is likely to be the only
common prevalent respiratory disease present in those being screened for pTB, this fact is
not of concern in the screening context. Other studies have specifically looked at the
prevalence of symptoms among those who are sputum smear negative. Since any screening
programme will result in the identification of predominantly smear negative patients, their

findings are of interest here.

In Guinea®', 396 adult TB suspects were examined who had cough for more than 3 weeks
and who had all had 3 negative sputum smears. 110 of these patients were subsequently
found to have positive sputum cultures for M. tuberculosis. Those with smear negative pTB
were more likely than those who did not have pTB to admit to symptoms of sputum
production, a familial TB contact, and weight loss. In a different Studygz, this one in Senegal,
and involving 450 patients with pTB, in whom 85 were smear negative, cough and sputum
production were significantly less common in the smear negative group than in the smear

positive group.

Although 9% of the patients were HIV-infected, the symptoms differences were not reported
by HIV infection status. In the pre-HIV era, up to 51% to 54% of smear negative pTB patients

33;34
have been reported to have one or more symptoms .

The prevalence of symptoms may be different among pTB patients who are also HIV-infected.
A study from ltaly, for example, reports that 94% of HIV-infected TB patients had fever, 40%

had a productive cough, and 55% had night sweats”".

Marciniuk et al’® have shown, in Saskatchewan, that screening people by means of
symptoms questionnaires is becoming more efficient as a means of case finding in an era
when, due to the increasing prevalence of HIV infection, the yield from chest X-rays is

L 36
declining ™.

The study by Churchyard et al’ has reported on the prevalence of different types of symptom

among South African gold miners who were screened primarily through microbiological
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examination of sputum. The situation, particularly regarding cough as a symptom, may be
expected to vary between types of mine and even between mines of the same type,
depending on the dust exposure (quantity and composition). Churchyard et afs findings on

one gold mine were as follows:

SYMPTOM % of all those screened (n = 1960)
Cough 2.50
Night sweats 6.20
Weight loss 5.40
Sputum production 1.30
Blood in the sputum 0.70
Cough more than 3 weeks 1.20
Fever more than 3 weeks 0.80
Symptom combination® 10.10

*Any one or more of cough, weight loss and night sweats

Table Il: Symptoms prevalences for gold miners screened for pTB

Forty eight cases of pTB were eventually identified, mainly on the basis of bacteriological
diagnosis (microscopy and/or culture). Sensitivities were all low, with the best sensitivity being
29% for the symptom combination. Specificities, on the other hand were all in the order of
90%. This is a potentially useful result since the sensitivity for the symptom combination was
slightly higher than for either smear microscopy or routine chest x-ray alone. The high
specificity means that there are not too many false positives that would then have to be

subjected to definitive diagnostic testing with negative results.

Of note is that the combination of the results of routine chest x-ray and the symptom
combination resulted in a sensitivity of 60%, which is double the sensitivity for x-ray

examination, symptoms combination or smear microscopy alone.

Other studies, from other parts of the world, have reported much higher percentages of
symptoms among patients with pTB, presumably because these are mainly self-presenting
patients and more likely to have symptoms. Toman has pointed out that over 90% of smear
positive pTB patients will have symptoms in carefully designed studies, and there was no
difference in the rate of symptom reporting in developed and underdeveloped countries.
Approximately 70%+ of patients will admit to a cough and a further 20% will admit to fever or
flu-like symptom334. In this same vein, other authors have reported relatively high reporting
levels for symptoms among patients with disease, whether smear positive or smear negative,

and whether or not they are co-infected with HIV 37,
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Some reasons why studies may result in different percentages of symptoms reporting include
poor history taking, lack of understanding by the patient, and that they may be using different

definitions of the symptoms.

For example, in the study by Churchyard et al, the definition of cough was "a new or
worsening cough in the last month”. Other definitions might differentiate between dry or
productive coughs, coughs of different durations, cough on waking in the morning, etc...
Furthermore, one needs to be sure of the way in which the question is understood, especially
if it is translated, since in some cultural settings hawking or spitting may be understood to be
"coughing” as well. It is of interest that only 2.5% of those questioned in Churchyard et al's
screening study admitted to a cough, and that the specificity of this symptom was over 95%,
since the subjects are underground miners exposed to dust pollution, and many would also
be smokers. Asking about symptoms in an empathetic way may be a cheap and feasible

method of screening miners for further investigations.

Other symptoms such as coughing up of sputum containing blood are suggestive, tut not
particularly common among those with active TB, so that many patients will deny such a

symptom. In the study by Churchyard et al the sensitivity of this symptom was less than 5%.

Since it may be argued that the longer a patient has untreated pTB the more likely that the
patient will suffer more severe permanent damage to the lungs, and the greater the spread of
the infection to others, there is a need to detect patients with disease as early as possible,
and to place them on effective anti-tuberculosis treatment. This applies particularly to those
HIV non-infected patients who are smear positive since they are more likely to contribute to
M. tuberculosis transmission. There have been several reported studies in which researchers
have attempted to estimate the average duration of symptoms prior to starting treatment, and
to identify the causes of delays in the diagnosis and treatment so that these can be targeted

. 30;38-46
for reduction

. These published studies commonly give values of between 2 and 5
months for the duration of symptoms prior to starting treatment. Delays are sometimes
ascribed to late presentation (which may be due to poor access) and sometimes up to 2
months in diagnostic delays within the health system. The service delay components in these
studies were frequently due to prolonged time taken in obtaining sputum results and other

factors, such as consulting of private doctors that may not be relevant for South African

miners.

In the single published study of this nature that was found that presented South African
findings, it was determined that, for rural patients from a community in the Limpopo province
the median delay to presentation was approximately 10 weeks which included a median
service provider delay of 1 week'’. These delays are considerably less than the 21.5 months
reported by Churchyard et al for gold miners, partly because in these studies delay was
defined as the interval between the onset of symptoms and the initiation of treatment. In the
gold miners study the duration of infectiousness was estimated and this would include an

additional time during which many patients would be asymptomatic.

13



In the study reported by Churchyard et al ® the duration of active disease (defined as the
presence of M. tuberculosis in the sputum, detected by microscopy and/or culture) was
estimated rather than the duration of symptoms. This approach is interesting for several
reasons: Firstly, it has been shown that smear negative patients are also infectious to others,
and secondly it is possible that severely ill patients with positive sputum smears would be
more likely to seek medical attention in the mining situation where there is easy access to
diagnostic and treatment services. That study showed durations of 0.61 years for HIV -infected
patients and 1.79 years for those who were HIV nor-infected. From an epidemic control point
of view the authors of that report concluded that HIV non-infected patients were more likely to
be playing the dominant role in the transmission of M. tuberculosis in the population that they
studied. This is fortunate from a screening perspective, since the longer that a diseased
person remains undiagnosed, the greater the proportion of cases that will be detected by the
screening measure. It can also be argued that the long duration of active disease observed in
the HIV non-infected group, occurring as it did in a well-equipped mine, indicates a failure of

the service to detect disease early.

One needs to be cautious, however. Even if the specificity of smear microscopy examination
is 99%, if the entire workforce is screened (in this case subjects were asked to give saliva if
they could not produce sputum), 1% of the non-tuberculous workforce might be expected to
provide false positive specimens. If the actual prevalence of active disease is 2% then this
means that 1/3 of those who test positive will not actually have active tuberculosis. By
including all those with positive smears as cases of active tuberculosis, it is possible that the

duration of infectious disease will be over-estimated.

In addition, there are no bench marks with which to compare durations estimated in this way.
The other published durations refer to the durations of symptoms, and it is possible that many
of the cases of active disease identified in the gudy of Churchyard et al might have been
asymptomatic. Furthermore, that study did not attempt to identify the causes of the delays, so
that the delay cannot be assumed to be due to failures within the service. Nevertheless, the
high proportion of TB patients who have one or more of the symptoms of TB suggests that
screening by means of asking patients about the presence of symptoms might offer a cheap
and effective way of screening people for TB. The literature search did not produce any
formal evaluations of using questionnaires regarding symptoms as a screening tool for TB.
However, there is some anecdotal evidence available from coal mines in South Africa. In their
TB audit of 7 coal mines Girdler-Brown and Ross"” specifically asked the health staff at the 7
mines that were visited about the use of symptoms questionnaires. They elicited two reports

of such practices.

In one mine a nurse with experience of working with TB patients was trained in interviewing
techniques and was employed full-time to go about the mine interviewing miners at their
workplace as well as in the recreational facilities and refectories. He carried a clip-board for

entering details of miners who he thought should be investigated further. The mine had
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detected 50% of their registered TB patients via this referral route. The impact on the duration
of symptoms was not assessed, and it is possible that all those identified would have come to
the clinic (as they were symptomatic) of their own volition even without being encouraged to
do so by the interviewer. The interviews were informal, the findings were not recorded, and
there were no controls, so that the intervention could not be evaluated. In the second mine,
a simple self-administered questionnaire was used at the annual re-induction medical since
the average standard of education is relatively high in the highly mechanised South African
coal mining industry. Miners were asked to tick any of the 3 classic symptoms if they had
them, and anyone with one or more was called for a medical examination and possible further
investigations. The auditors were told that this method had been abandoned after 1 year
because there had been virtually no new cases identified as a result. Once again there were

no records available and there were no controls so the intervention could not be evaluated.

There are a few comments that need to be made at this stage. Firstly the mines were coal
mines with relatively low incidence rates for TB, so that the yield of any screening programme
would be expected to be relatively low. Secondly, the interview method was continuous
whereas the questionnaire method was intermittent, and annual. Depending on the duration
of symptoms, the questionnaire method might therefore be expected to identify only a small
proportion of cases (those who happen to be symptomatic at the time of the annual
questionnaire). Thirdly, the self-administered questionnaire might be less sensitive ceteris
paribus, than the interview method, since it would be easier for miners to underplay their
symptoms if they were not being observed. They might do this if they believed that their
symptoms were unimportant and they wished to avoid unnecessary trouble, or if they thought

that the presence of symptoms might prejudice their chances of securing a re-appointment.

Although the literature search also looked for articles that reported on the use of serial
weights as a method of screening for TB, only one such article was found and it involved
short-term repeat weighing in HIV-infected individuals. As a result it was not possible to
evaluate such a screening strategy. However, in the era of high HIV prevalence it is likely that

such a strategy might lack specificity.

No references were found for the costs of using symptoms questionnaires for screening for
pTB. In addition, there was no opportunity for meta-analysis because the settings reported on
were too dissimilar. Workshop participants felt that the use of symptoms as a screening tool
might be worth exploring in the future, but that the first priority must be to improve case

detection methods among those who self-report with symptoms.

SKIN TESTS AS SCREENING TOOLS

Skin testing has been used to identify people who have been infected with M. tuberculosis. It
has also sometimes been used to help in the diagnosis of TB, especially in children, in very

low prevalence situations where infection with M. tuberculosis is uncommon.
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There are three broad groups of skin tests that are either in use or being developed. The first
is the Mantoux test using tuberculins. Tuberculins are extracts of tubercle bacteria, and

usually contain multiple antigens.

Where an HIV non-infected patient has active tuberculosis, the commonly used Mantoux skin
tests using tuberculins have a high sensitivity (few false negatives). However, where there is
a high prevalence of prior exposure to M. tuberculosis or related organisms in the
environment the specificity for diagnosing active disease is low (a large proportion of false
positives). Among South African adults, there is both a high prevalence of HIV infection and a
high prevalence of prior exposure to M. tuberculosis, so that the test has both a low sensitivity
and a low specificity for diagnosing active disease. As a result the workshop participants felt
that the method should not be given priority attention as a screening tool for identification of

those likely to have active disease.

Nevertheless the literature contains a great number of recent and past publications on the
subject of skin testing as a screening tool. The reason is that, in very low prevalence
countries, where prophylactic treatment with isoniazid is practised on all people who are
infected, even if not diseased, skin testing (as well as chest x-ray screening, and sometimes
both) is used extensively to screen high risk groups in order to identify people who are
infected in order to provide prophylactic treatment. There is some evidence of a reduction in
the annual risk of infection (from 7% to 4%) over the period 1972 to 1977 in a rural area of the
Transkei'®. If this trend has continued it is possible that the rate of positive Mantoux skin
reactions among adults may now be considerably lower than in the past. A more recent
survey, carried out in Lesotho and Botswana, two traditional recruiting areas for the mines in
South Africa, showed that, in 1986, the Mantoux positive rate for skin test reactions of 10mm
and more in diameter was 51.5% in Botswana and 57.9% in Lesotho (% of all those tested

over the age of 14)*,

A recent study carried out among adult health care workers at a South African TB referral
hospital showed that the prevalence of a positive Mantoux tuberculin skin test (>10mm
diameter) was 64.6%. These workers had an average age of 43.43 years and an average
length of service of 13.06 years. The rate of positive skin tests among low exposure staff such
as stores and switchboard personnel was 52.19% . Furthermore, there is anecdotal evidence
(participants in the Mount Grace workshop, personal communication) that, within a year or so
of starting to work in the mines, over 85% of miners convert to skin test positive (it appears
there have been some sporadic unpublished surveys in some of the mines). However, the
epidemic of HIV that has intervened would make the test less useful, even if the background
rate of skin test positivity has fallen in the interim. It has been shown that even if one were to
include the “density” of the skin reaction with the diameter as diagnostic criteria there would

be little or no improvement in the diagnostic properties of the test”".

One strategy that has been used to try and improve the sensitivity is two-step testing where

subjects are tested twice, relying on a booster effect to detect additional cases in the second
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round: this, however, has only resulted in a less than 10% improvement of sensitivity, and the
published studies have not involved high HIV -prevalence SettingSEZ’EE. Another strategy is to
combine the skin test with anergy skin testing tailored to ensure that the anergy test includes
locally prevalent antigens (such as pertussis). This is sometimes referred to as "Combi-

u56;57

testing . This might improve sensitivity, but would not address the local problem of low

specificity.

The second group of skin tests, the Mantoux test using sensitins, or mixed antigens derived
from non-tuberculous mycobacteria, is used in epidemiological work only, where its purpose
is to determine what level of tuberculin Mantoux reactions are probably caused by exposure

to these non-tuberculous mycobacteria.

Recently, there has been increasing interest in developing new skin tests (the third of the
three groups) that are reactive only in cases of exposure to M. tuberculosis (existing tests
might react following exposure to other Mycobacterial species found in the environment)ES.
This would be of use, say, when screening immigrants to the United States of America who
come from areas of the world where such environmental bacteria are ubiquitous, for M.
tuberculosis infection, and would prevent unnecessarily placing some migrants on 6 months
of prophylactic therapy. However, these tests would still not differentiate between past

exposure and current disease, and neither would they overcome the problem of anergy in

populations with high HIV infection rates.

There has been a recent report of a study in which BCG (Bacille Calmette Guérin) vaccine
was given to TB suspects in an attempt to diagnose active disease, referred to as the "BCG
test”: if there was a marked reaction this was said to reflect active disease’ . However, there
were marked side effects in the form of tuberculous adenitis in up to 10% of patients, the
diagnosis of TB used as a gold standard was not based on smear examination or culture of
sputum, and the control group was inappropriate, so that the high sensitivity and specificity
that was claimed cannot be relied upon, quite apart from ethical considerations bearing in

mind the high rate of untoward side effects.

There were no reports on costs of skin testing programmes, and meta-analysis was not
considered appropriate since there are so few studies with similar settings (as pointed out, the

sensitivity and specificity will vary from community to community).

Workshop participants felt that there were no useful further studies indicated on the use of

skin testing in South African mines.

CHEST X-RAYS AS SCREENING TOOLS

Chest X-rays have been investigated both from the perspective of use as a definitive

diagnostic tool and from the perspective of screening large populations to identify those
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requiring further investigation. Since as long ago as 1974, the use of X-rays for mass
population screening has been discouraged by the World Health Organization60

34:61-63

Chest X-rays have a poor sensitivity and specificity for the diagnosis of pTB . In a South

African study the sensitivity on a gold mine was found to be only 27%°. The reading of chest
X-rays for pTB also has poor reproducibility34;64;65, although this improves to fair
reproducibility as judged by kappa scores, for lymphadenopathy in children®®. The use of
computerised tomography does not appear to offer any useful improvement67. The experience
of the Tuberculosis Research Institute in South Africa, which carried out 6 prevalence
surveys, showed that the positive predictive value of chest Xrays for identifying those with
culture positive pTB was only 13.8%°%. These results are similar to results reported from
Bangalore69 in which, in spite of chest Xrays having a sensitivity of 87.7% and a specificity of
95.9%, when all those with abnormal chest Xrays were subjected to sputum smear
examination the yield was only 10%. This low positive predictive value was found in a group
that might be considered to be at high risk, since they were all symptomatic, but in whom the
prevalence was only 13% to 14%.

The proportion of pTB patients with chest Xray abnormalities has also been reported to be

3970 although Kanaya et al’’ found that 96% of

lower in patients who are infected with HIV
their pTB patients had some or other abnormality on chest Xray in a series in which 46% of
the patients were HIV-infected in California. Finally, chest X-ray abnormalities have been
found to be poorly correlated with the duration of disease: pTB patients are just as likely to
develop X-ray cavitation early in the course of disease, so it is not a good method for
detecting infectious patients earlier’”. In fact, as Toman points out, even intensive screening

programmes with high levels of participation from the public, have failed to result, over the

years, in a reduction of the proportion of newly detected cases that are smear positive.

On South African mines, the proportion of pTB patients that are first detected by the routine
annual chest Xray surveillance programme has been as high as 77% in the past but has
fallen to less than 50% in recent years12. This may be ascribed to the rising proportion of pTB
that is HIV related: Churchyard et al have shown that HIV -infected cases are more likely to
present earlier (after an average of 0.61 years), and are thus less likely to be detected by the
annual chest X—raysg. The high proportion of cases detected by screening does not mean that
these patients would not have been detected in the absence of the screening programme; it
could be that cases are being detected through passive selfpresentation relatively late in

their disease.

Furthermore, it has been shown that with serial mass population screening by means of chest
X-ray there was no difference in the interval since having a normal chest Xray and the onset
of disease between those who were smear positive and those who were smear negative,
suggesting that serial chest Xrays may not shift the pattern of disease towards a greater

. . . . . 33 .
proportion being smear negative and hence less infectious™. In that study, however, carried
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out in Czechoslovakia, the interval between the serial Xrays was variable and often as long

as 3 years.

If the serial Xrays are carried out at intervals that are less than the average duration of
infectiousness then the result might be different. Churchyard et al have reported on such a
study, in which annual chest X-rays were compared with chest X-rays repeated every 6
months in a randomised controlled trial involving 22000 miners on a gold mine with a high
incidence of pTBH. They found that there was no difference in the annual incidence rate after
1 year. However, they randomised individuals in the same mining population rather than
randomising communities, so any effect in the intervention arm would have been diluted by
exposure to infectious individuals from the non-intervention arm of the study. As a result the
findings are inconclusive. They did, however, report a lower death rate while on treatment
among those in the 6 monthly arm of the study, suggesting that disease might have been

detected at an earlier, and more curable stage.

In another study reported by Churchyard et al’ the combination of an abnormal chest Xray

finding with one or more abnormal symptoms was found to have a sensitivity of 60%.

There were no reports found on the costs of chest Xray screening programmes. In addition,
meta-analysis of papers that presented findings for sensitivity and specificity were not
attempted because these parameters are setting-specific and there were too few studies from

the South African mining setting.

Workshop participants felt that the findings (especially of a lower mortality rate among those
who were screened twice a year as opposed to those who were screened once a year) were

potentially of interest and warranted some further research to see if they are repeatable.

SPUTUM EXAMINATION AS A SCREENING TOOL

Sputum examination forms the cornerstone of modern recommended definitive diagnostic
methods. In the first instance, sputum smear examination of 2 or 3 consecutive sputum
specimens is recommended for the diagnosis of (by definition) “"smear positive" pTB10;72;73.
This is because patients with smear positive pTB are considered to be more infectious and

hence the principal sources of transmission in a community.

In addition, smear positive patients are believed to be the ones who are at higher risk of
progressive lung damage if not treated. It has been shown that the grade of the sputum
smear result correlates with the severity and number of symptomszg. Finally, the diagnostic
test is affordable and relatively easy to perform in resource-poor countries”, and the
incidence of pTB is higher in these countries than in those where more expensive, more

sensitive tests might be considered appropriate.

In the setting of South African mines, however, lack of resources is not an important issue

and the Department of Minerals and Energy recommends, in its guidance note, that sputum
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cultures, in addition to smears and chest Xrays, should be performed for diagnostic purposes

1
for all suspected cases

The sensitivity of the sputum smear examination for cases of pTB is poor75 and variously
estimated at between 20% and 70% °°, depending on the prevalence of HIV infection, how
early the patients are investigated (i.e. on the average duration of symptoms or the average
duration of infectiousness), how many smears are performed, how many microscopic fields
are examined per smear, on the staining technique used, and on the quality of the laboratory
services. However there is little additional gain in sensitivity if 3 or more smears are examined

34;76,77

per patient Furthermore, examination of only 100 microscopic fields (versus 300)

reduces the workload by two thirds with very little sacrifice of yield78.

The prevalence of HIV may also affect the results of microbiclogical examination of sputum in
pTB patients. A Ugandan study, for example, has shown that HIV-infected pTB patients are
less likely to be smear positive, and less likely to be culture positive. They also showed that
where smears were positive the numbers of bacilli seen per high-power field were lower than
for positive smears of patients who were HIV non-infected’’. A South African study has shown

- 79
similar results .

Quality issues in the taking of the sputum specimens, their storage and transport, and on the
preparation of smears and their reading, have been extensively investigated and reported on.
Whether or not sensitivity can be improved by induction of sputum appears to be somewhat
controversial. A study from Malawi reports that, where induction was used on those patients
who were unable to produce a specimen without the procedure, 18% of smear positive cases
would have been missed if the intervention had not been used”. In a study reported from
China almost 1/3 of TB suspects with poor or inadequate sputum production were found, after
induction, to be smear positivem. The estimated direct cost of the procedure (in China) was

found to be $0.37 (1999 prices).

However, in a study carried out in the United States of America, with a 36% HIV prevalence
among the study group, induction of sputum yielded only one additional smear positive case
(out of 11 smear positive patients with 2 sputum specimens obtained by expectoration and 1
by induction). The total direct cost per induction was estimated at $28.65. Roughly half of this
cost was for a physiotherapist's time and the other half was for Supp|i6382. It is likely that the
poor yield is due to the fact that induction was performed only on patients who could produce
a spontaneously expectorated specimen for comparison: one would then not expect to detect
many additional cases from such an induction strategy. The high prevalence of HIV infection
may also have affected the yield, since two patients who were smear positive with
spontaneously expectorated specimens were then smear negative on their induced

specimens. |n addition the sample size (11) was very small.

The American costs are higher than those reported from China, and this may be partly due to
higher salaries in the United States. It is also unclear from the American report whether the

cost of "supplies” is an incremental cost for patients who would not normally be able to
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produce an adequate specimen. If inductions are reserved for those without a sputum
specimen available from spontaneous expectoration, then there is a "saving" of the supplies
that would have been used for the expectoration specimen, and these need to be deducted
from the cost of supplies used in the induction procedure to give the incremental cost of the

procedure.

The traditional staining technique used in smear examination is the Ziehl-Neelsen technique.
The use of fluorescence microscopy, although more costly, has been shown to be somewhat
more sensitive, especially in paucibacillary smears, and also less labour-intensive, since this

method is more rapidly performedgg.

There have been numerous published reports on quality of sputum examination from

developing countries. First of all, compliance of health workers with sputum collection policy is
. 84,85 .

sometimes poor . Secondly, there may be long delays before sputum results are available

at the clinics85

In the laboratories themselves, there may be few quality assurance protocols, or they may not
be adhered to. Liquefaction of the sputum prior to smear preparation may be sub—optimal%,
smears may fade with time87, especially if stored under conditions of high temperature and/or
humiditygg, tubercle bacilli may be dislodged from the specimen during Staininggg, and
technicians may not examine a sufficient number of fields. Problems may be especially
serious in private laboratories . The quality assurance step that is often used whereby
laboratory staff are asked to report on "standard” smears sent to the laboratory periodically

. . . . 91
merely certifies competence and may not correlate well with the routine practice standards™ .

It is reported that false negative results outnumber false positive results”’. It is recommended
that laboratory staff undergo regular training and support from the national TB control
programme even if the laboratory is privately owned. It has also been recommended that re-
checking of smears, especially if reported as negative, should be routine”. The routine use of
quality check lists has been advocated™”. Finally, because the number of smears to be
examined in high prevalence settings may be high, the management systems in place may
need to be quite sophisticated in order to efficiently manage the workload, reduce costs, and

support the maintenance of a high quality service™

In one reported study from a South African gold mine with an HIV prevalence of 29%°, the
sensitivity of smear examination was found to be only 25%. This is lower than the
sensitivities that are reported from the pre-HIV era, and this could well be explained by the
high prevalence of HIV infection, in keeping with the findings from the Uganda study.
However, in that study there were stringent quality control measures in place and a number of
discrepancies were reported between the study results and the results obtained in the
reference laboratory used for quality control. The sensitivity for infectious cases is much
higher. For example, if only those cases that are smear positive are considered infectious,

then, by definition, the sensitivity for detecting infectious cases will be 100%.
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Specificity of smear examination is generally high, and in excess of 98%°, since the number
of false positives is usually expected to be very low. Nevertheless, with a sensitivity of only
25% and a specificity of 98%, if the prevalence of disease among those being tested is only
2%, the positive predictive value of this test, when used as a mass screening test, is only
16.8%! Of course, it is unlikely that sputum specimens would be obtainable from 100% of the
miners, and it is more usual to find that smear examination is reported as having a sensitivity
of over 50%, so this scenario over-exaggerates the situation. As expected, the HIV epidemic

may reduce the sensitivity, but does not reduce the specificity%;97

False positives arise when the specimen contains mycobacteria other than M. tuberculosis
complex organisms or in the rare cases where these may contaminate the water supply used
in the staining procedure. In HIV non-infected patients these mycobacteria are not usually

pathogenic.

However, in the mines, they have been found to be especially common, with up to 30%° of
positive cultures (for Mycobacterium species) being due to these organisms, so that the
specificity of sputum smear examination may also be relatively low. For this reason, among
others, the Department of Minerals and Energy recommends that sputum cultures should be

performed routinely and species identification be performed on all positive cultures

In a mass screening programme, sputum examination is only possible if the subject being
screened is able to produce a sputum specimen. The screening study performed by
Churchyard et al showed that only 1.3% of miners admitted to the symptom of sputum
productiong. This symptom, on its own, had a sensitivity of less than 10%, and, since a
majority of patients diagnosed with pTB are reported elsewhere to have sputum production34,
this finding suggests that miners with pTB are under-reporting the symptom. In their study,
Churchyard et al took specimens from all miners whether or not they were able to produce a
sputum specimen: saliva was collected from those without sputum. No published reports were

found that define the costs of such an intervention in the South African mines setting.

The study reported by Churchyard et al’ used a case definition that allowed culture negative
patients to be classified as tuberculosis patients if the smear was positive or if there were new
radiological abnormalities and the patient's symptoms had not responded to 5 days of
antibiotic treatment. As a result, the sputum culture had a sensitivity of less than 100% (it was

not the "gold standard”). In fact, only 70% of their patients had one or more positive cultures.

Approximately 30% of the smear positive patients in this study were subsequently culture
negative. These findings are at odds with findings reported by Nagpaul et al from Bangalore
(in Toman34) which showed that only 10% of smear positive patients were culture negative.
This difference can be only partially explained by the high proportion of Mycobacteria other

than tuberculosis found in the mining population.

In practice, in countries with a high HIV prevalence rate, it is usual to have to examine 9-10

suspects (27-30 smears) in order to detect 1 smear positive case’’. This is enough work to
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keep one technician busy for a day for each case detected. If one were performing mass

screening the number of smears examined per case identified would be considerably higher.

A report from ltaly, in which the presentation and outcome of TB was studied in HIV -infected
people, those with negative chest Xray findings and negative bacteriological findings were
found to be less likely to start on anti-tuberculosis treatment and to have diminished survival

times, perhaps as a result of the delayed diagnosis and treatment initiation””

There were 3 other reports found in this review that describe the use of sputum examination
as a mass screening tool. In a study reported from Thailandgg, villages were visited and
villagers had the symptoms of pTB described: they were then invited to present for a sputum
smear examination if they had any of the symptoms. The method was followed, 2 weeks later,
by mass screening of the entire village population using smear examination. The yield was
similar (17 cases versus 18) in both cases, although the time and cost of the first, more

selective intervention were much lower.

In a study in the remote mountain areas of Nepal, mobile microscopy "camps” were held
periodically over a three year periodgg. These camps were preceded by intense publicity in the
villages in which people were encouraged © present for sputum examination if they had a
cough of more than 3 weeks duration. The results were disappointing, with no appreciable
impact on the case detection rate. However, it was noted that the camps increased the

number of contacts with the health services for women in these remote areas.

In an American study among the homeless who made use of a large city shelter, spot sputum
screenings (microscopy and culture were performed on all specimens) 10 months apart were
used' . Of 120 people who were assessed, 4 cases of pTB were detected by this
intervention, although only 1 of the 4 was detected by microscopy alone. Unfortunately, it was
not possible to determine the incremental benefit of the intervention since there was no

control group.

Since there were only 4 studies found in which sputum examination was used as a screening

tool, and all 4 were in different settings, meta-analysis was not possible.

The workshop participants did not feel that there should be further investigation of the use of
mass sputum screening in South African mines at this stage, mainly on the grounds of poor
sensitivity of smear examination for detecting asymptomatic and smear negative cases, and
the high cost of cultures. However, they also felt quite strongly that laboratory services should

be quality controlled and that automated methods of examination should be considered.
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NEWER METHODS OF DIAGNOSIS AS POTENTIAL SCREENING TOOLS
NEWER TECHNOLOGIES FOR SPUTUM SMEAR EXAMINATION

Fluorescent stains allow for more rapid smear examination (and hence a larger number of

smears examined per given staff complement) as well as a marginally higher sensitivity as

. 745107
compared to Ziehl-Neelsen staining

102,103 104;105

. The sensitivity can be increased by concentration

methods and centrifugation at forces higher than can be achieved using standard
equipmentmG. A number of different sedimentation methods have been used and it is possible
that some are better than others in terms of the ultimate sensitivity of the test’” although not a

W (107 .
panacea for poor technique.

In addition, a number of automated procedures have been evaluated and found to result in
greater reliability of the test. These include automated stainers'*° and computer aided

. 109;110
automated microscopy

, and have resulted in marginal improvements in sensitivity when
compared to manual methods. The promise is that such methods may outperform the routine
manual laboratory examination to a considerable extent, especially where very large numbers
of negative smears are to be &xamined (as with a mass screening operation). The few

positive smears can then be checked more carefully using the manual method.

The Foundation for Innovative New Diagnostics (FIND), based in Geneva and set up under
the auspices of the World Health Organization and Tropical Diseases Research, and currently
partly funded by The Bill & Melinda Gates Foundation, has prioritised the development of late-
stage TB tests''. They have begun their work with a programme of research aimed at

optimising sputum microscopy.

They have funded a number of projects that are examining new ways of processing the
sputum specimen prior to smear preparation, and the results of these projects should be
available during 2005. One of their projects is examining the improvement of programmatic
aspects in laboratory diagnosis. These initiatives are aimed at improving the sensitivity and
reliability of sputum smear examination as a diagnostic tool for TB suspects, but the findings

may also be relevant to active case finding.

NEWER TECHNOLOGIES FOR SPUTUM CULTURE

The sensitivity of sputum culture for detecting M. tuberculosis can be increased by about 5%
if the radiometric BACTEC system is used for culture rather than the traditional Lowenstein-
Jensen culture medium alone, and the time taken for the cultures to appear positive is greatly
reduced as well' 2. However, the equipment required is somewhat costly and there may be
issues concerning the disposal of the radioactive material used. Alternative rapid culture
methods have been investigated, all with very high specificities, and the use of the

Mycobacteria Growth Indicator Tube (MGIT™) using non-radioactive materials is proving

24



promising with a number of reports showing equivalent rapidity and sensitivity when

compared with the radiometric BACTEC systemmgmmm.

Another method that has proved to be equally as efficacious as the BACTEC method, both in
terms of time taken and sensitivity, is the Difco ESP Culture System II, although the
equipment required is almost twice as expensive as that required for the radiometric BACTEC
system (over $70 000) and there have been problems reported with contamination''”. The
cost of the consumables required in 1997 was about $3 per test for either the BACTEC

system or the Difco SystemNE.

Recently, a chromogenic culture system has been described''® that is claimed to differentiate
real growth from contamination. The method is said to be fast, relying as it does on colour
changes sensitive to metabolic activity of the mycobacteria. One of these related systems has
been evaluated 117, and found to have sensitivity similar to Lowenstein-Jensen medium and
with a shorter mean time to detection of growth of only 15-17 days. The authors report that
the system resulted in manipulation errors and that the system needs further development.
One advantage of this test is that it can be performed without microscopic examinations,

avoiding many of the quality issues that these raise.

NUCLEIC ACID AMPLIFICATION METHODS

Nucleic acid amplification (NAA) tests rely on polymerase chain reaction (PCR) techniques to
amplify the quantity of mycobacterial nucleic acid present to the point where it becomes
readily identifiable using a M. tuberculosis —specific DNA probe. The process is fairly complex
and consists of a number of steps, so that quality assurance measures become particularly
important if the results are to be reliable. Woods''® has outlined some of the more important

quality assurance steps in this process.

In the first place, areas for the preparation of reagent, for the processing of the specimens,
and for the carrying out of the actual tests need to be physically separated in order to avoid or
at least minimise cross-contamination and incorrect positive results. Secondly the area where
the amplification axd detection are carried out needs to monitored on a regular basis for

contamination.

Thirdly, the laboratory technicians must be well-trained and regularly assessed as to their
ongoing competence and the results of the assessment must be recorded. Fourthy, the
equipment used must be regularly maintained and these maintenance activities must be
documented as well. Fifthly, the test manufacturers must provide good quality control
specimens to run with every assay. Finally, quality may be affected by the number of tests
requested, by the ways in which specimens are collected and stored during transport to the
laboratory as well as the way in which they are handled on reaching the laboratory. The big
danger is cross-contamination since the slightest cross-contamination, from TB infected to

non-infected specimens, will result in incorrect positives.
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There are several commercially available NAA systems for the identification of M. tuberculosis
in sputum specimens. In theory, these systems would be as well able to identify material from
dead mycobacteria (perhaps remaining in scar tissue from a long past episode of TB) as from
living micro-organisms indicating current disease. However, in a study reported in 2003,
Rajalahti et al'"? , using the Amplicor system produced by Roche, were unable to detect any
M. tuberculosis complex material from 25 war veterans who had pTB during the period 1940-
1959, and who were considered to have been inadequately treated at the time, or from 19

subjects with cavitating disease who were properly treated during the period 1980-1983.

The Amplicor and LCx (Abbott) systems have been evaluated in terms of sensitivity and
specificity and the results have been published. The Amplicor system has been evaluated by
Tortoli et al'”® and by Mitarai et al'”!, while the LCx system has been evaluated by Tortoli et al
(ibid) and by Ruiz-Serrano et al'”. Neither Tortoli et al nor Mitarai et al mentions how many of
the specimens were obtained from HIV-infected individuals, although both studies were
carried out in developed countries. Tortoli et als results (368 sputum specimens were
analysed, of which approximately 15% were culture positive) report sensitivities and

specificities for smear positive and smear negative pTB as follows:

Amplicor LCx

Smear + Sensitivity 96.43 91.67
- Specificity 63.89 55.56
Smear - Sensitivity 34.62 46.15
Specificity 98.37 95.64

Table lll: Sensitivities and specificities for two NAA tests

The NAA positive detection rates were very similar to the combined culture results using
Lowenstein-Jensen media and radiometric BACTEC assays. However, there were
considerably more false positives as reflected in the lower specificities for the smear positive
specimens. Mitarai et almreport very similar results for their study using the Amplicor system.
In their study, they did not report separate parameters for smear negative and smear positive
patients, rather a combined sensitivity of approximately 60% and a combined specificity of
over 98%. Of interest in their study is that they report that of 77 results that were positive
using conventional culture but negative using NAA, 37 were cultures of M. tuberculosis (they
had 231 culture positive specimens for this organism) of which 8 were both smear and culture
positive. The remainder were all NMTs. Ruiz-Serrano et al obtained roughly similar results for

sensitivities to those reported by Tortoli et al using the LCx system in a group of patients

26



stated to include "many” HIV infected individuals, but were able to achieve much higher
specificities of 100%. They did not estimate the parameters separately for smear positive and
smear negative subjects. However they found that they were able to significantly improve the
sensitivity of the method by omitting a step where the specimen is washed with distilled water
prior to re-suspension. By directly re-suspending after decontamination, sensitivity improved

from 53.8% to 85.2%; however, the specificity fell from 100% to 94.9%.

Finally, there have also been reports of NAA tests that are based on assay systems that have
not yet become commercialised. These non-commercial in-house assays generally result in
higher sensitivities than are achieved with commercially available systems (Dr.Karin Weyer,
personal communication). For example, Araj et al'” have published results for an in-house
assay where the sensitivities for smear positive and smear negative specimens were 83%
and 63% respectively. They reported specificities of 94% in both groups. The numbers in their
study were, however, small (24 smear positive specimens and 11 smear negative
specimens). The differences in the reported specificities for the commercially available test
systems need to be further explored before one can make any general recommendations,
and it is possible that there were differences in the populations from whom the specimens

were obtained such as HIV infection rates.
ANTIBODY DETECTION METHODS

Antibody detection tests are tests that are aimed at identification of antibodies, in patients with
active disease, that are absent, or present at lower levels, in healthy subjects. The difficulty is
to develop a test that can distinguish between those with active TB, healed TB, TB infection,
and TB non-infected, since antibodies may be present in all the first 3 categories124. The tests
that have been described tend to be more successful in the identification of those with smear
positive disease, whereas the diagnostic problem is more one of distinguishing between those
with smear negative disease and other respiratory illnesses. Grange and Laszlo point out in
their revue article'”’ that even with M. tuberculosis -specific antibodies there is too much
overlap in the values obtained for diseased and non-diseased subjects, resulting in poor
likelihood ratios. In addition, unlike with acute illnesses, there is no possibility to make the
diagnosis by demonstration of rising titres, although this is a possibility with HIV-infected
patients. The detection of antibodies to lipoarabinomannan (LAM), a polysaccharide found in
the mycobacterial capsule, has shown some initial promise. The different species of
mycobacteria do not all have the same LAM structures, and the LAM of M. tuberculosis is

19 The test

sometimes referred to as "ManLAM" because it has mannitol residues in its "cap
is commercially available as the MycoDot™ test. It has been widely evaluated in African
settings with varying levels of background HIV prevalence. In the MycoDot™ test kit,
lipoarabinomannan is bound to plastic combs that are dipped into the subject’'s serum for 6
minutes, washed and then incubated with a signal reagent. The signal reagent reacts with
vacant antigenic sites and a positive result appears as a dark red spot after 10 minutes '*°.

Some reported sensitivities and specificities for LAM antibody detection are tabulated below:
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Notes Sensitivity Specificity Source

HIV+ TB vs. no TB (Thailand)? 31%-50%* 96% -98%*  Ratanasuwan etal'
HIV- TB vs. no TB (Thailand)? 28%-65%"* 95%-100%*  Ratanasuwan etal'”
4/13 cases were HIV+ (Tanzania)? 16% 84% Somi et af'*®

29 Indian cases 115 US controls: no 85% 93%-95% Chan et al'”!

HIV data presented?

6 Ethiopian & 9 Swedish TB patients. 93% 96% Hamasur et al'*

No HIV status. Controls: 26 lab staff
and 13 nurses (all Swedish)?

12/37 adults with TB Guinea-Bissau 50.0% 96.0% Antunes et al'”
HIV+?
34/232 adults with TB Guinea-Bissau 67.6% 91.9% Antunes et al'”
HIV -2

*range depends on CD4+ lymphocyte counts  ? MycoDot™ on serum
? in-house assay used on serum ? in-house test, urine specimens

Table IV: Sensitivities and specificities for a number of LAM tests

Tessema et al'™° have reported on the association between LAM levels in urine and LAM
levels in serum using a commercially available ELISA kit. They studied 1000 adult patients
referred to a respiratory clinic in Addis Ababa, of whom 200 were diagnosed as having pTB.
They estimated that 30%-40% of the pTB patients were HIV co-infected. They found that the
urine LAM test was positive in 94.2% of those with a positive serum LAM (but only 67.2% in
smear negative patients) and that only 67% of those with a positive urine LAM test were
positive on the serum LAM test. Unfortunately they did not report on the sensitivity and
specificity of the urine LAM test for the diagnosis of active pTB, and it has not been possible

to estimate these values from the data as presented in their article.

The MycoDot™ test has also been evaluated in South Africa (See Appendix 4) although the
results have not been published (Dr. Karin Weyer, personal communication). The test was
carried out on serum from 118 culture-confirmed TB patients, of whom 24 were HIV-infected,
and 182 healthy controls. The sensitivity was 45.8%, and the specificity was 82.9%. When the
specimens for the HIV-infected donors were considered separately the sensitivity was only
29.5%. However, as has already been discussed earlier in this review, the main expected
impact of a mass screening programme on the incidence of TB is to be expected from the
earlier detection of HIV non-infected subjects, since the HIV-infected people with TB are likely
to present early. Therefore the poor sensitivity among HIV-infected individuals does not
negate the potential use of this test for screening purposes. One unresolved problem,
however, is that the potential cross-reactivity with environmental NTMs may be variable from
area to area depending on which NTMs are prevalent in different regions, and this would have

to be studied in South African mines: it could result in low specificities.
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Even with a specificity of 80%, one would end up having to perform a definitive diagnostic test
on 20% of the workforce and this may not be economically feasible, or operationally practical.
There are several published reports of serological tests for the detection of antibodies to
mycobacterial antigens. The sensitivities and specificities for the diagnosis of active pTB br
some of these are summarised in the following Table (constructed from Chan et al104, original

articles not read).

Antigen Sensitivity Specificity
Antigen 5 (38 kDa antigen) 60% - 89% 94%-100%
AB0 antigen 68% - 100% 80% - 100%
30 kDa antigen 48% - 80% 92% - 97%
30 kDa antigen (HIV+) 0% - 11%

Antigen P90 70%

19 kDa antigen 8% - 571%

45/47 kDa antigen complex 40% 98%
P32 antigen 47%

Cord factor 81% 96%
Glycolipid antigens 80% - 96% 91% - 98%
ICT tuberculosis test 68% 83%

Table V: Sensitivities and specificities for a number of serological tests

Most of these studies involved small numbers of subjects and were not carried out in South
African gold miners, so that the values given should be treated with caution. The generally
low sensitivities might be expected to be lower in populations with a high HIV prevalence rate,
and in any event are generally little better (or worse) than the sensitivity of smear
examination. Specificities are generally quite high, although lower than what is expected from
smear examination, and the high exposure to NTMs in South African mines means that they

might be lower under these conditions.

Some antibody tests have been assessed in South Africa. Further details are provided in
Appendix 4, but the sensitivities and specificities are listed in the following Table (Dr. Karin

Weyer, personal communication, all unpublished information).

Antigen Sensitivity Specificity
anda-TB GA test 97.1% 68.8%
Latex agglutination test 56.8% 81.9%
Immuzyme-TB 73.4% 83.2%
Kreatech TB kit 78.1% 85.2%

Table VI: Sensitivities and specificities for tests evaluated at the MRC, Pretoria

These results show generally higher sensitivities than one obtains using smear examination,
but the lower specificities are disappointing since, for mass screening, these low specificities
would result in an unacceptable number of false positives needing further testing. This makes

their use logistically more difficult as well as more costly.
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THE USE OF ANTIGEN DETECTION METHODS

Since, in general, higher sensitivity is obtained at the expense of specificity; one new
approach has been to try to develop tests that detect M. tuberculosis antigens, since these
tests would be very specific while permitting one to aim for higher sensitivity. In particular if
the test is designed to detect any of a mixture of antigens then, in theory, sensitivity could be
improved without, hopefully, any loss of specificity. Especially since the elucidation of the M.
tuberculosis genome, it is now possible to identify areas of the genome that are not present in
BCG or in NTMs'”', and then to describe the specific proteins that are coded for by these

areas of the genome. Methods can then be developed to detect these specific antigens, either

alone or in combination.

Andersen et al'”’ go on to point out that for the 3 species that make up the M. tuberculosis
complex, all three produce 3 antigens that are not found in this combination in any other
mycobacterial species, although they may be present in other species individually or in pairs.
These antigens are ESAT-6, CFP10 and MPT64 (this antigen, MPT64, is the same as that
used in the patch test, described below, MPB64). ESAT-6 is especially specific, being found

in only three other mycobacterial species.

These purified antigens can then be used either in vivoin the form of a skin test (see below)
or in vitro for example through the stimulation of interferon gamma production, also described

below.

PATCH SKIN TESTS USING MYCOBACTERIAL ANTIGENS

Nakamura et al'*> have reported on a promising new method of using antigens to detect TB
disease by using a high dose skin patch test that incorporates the antigen MPB64. MPB64
was derived from Japanese cultures of M. bovis BCG. The skin patches were applied and left
on the arm for 72 hours. They were then removed and any erythema induration or small red

spots were regarded as "positive”.

In their initial study, carried out in the Philippines on 53 patients with confirmed pTB and 43
healthy controls with positive PPD skin reactions, the test was found to have a sensitivity of
98.1% and a specificity of 100%. Most of the TB patients in this study had already been on

treatment for 4 months and longer. The HIV infection status was not reported.

In a further studymg, also in the Philippines, the dermal patch was applied to 49 sputum
positive patients with pTB, 13 who had completed TB treatment, and 28 non-TB but PPD
positive controls. HIV infection status was not reported. Once again the patches were

removed and a reading was made at 72 hours.

The sensitivity was found to be 87.8% and the specificity was 100%. In the subjects who had
completed TB treatment, there was a gradual falling off in the number who were positive,

until, by 7 months, all were negative. Numbers were, however, small.
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The "patch test" as it has come to be known, is currently being evaluated further in field trials
in the Philippines as well as in South Africa, and the planning for the initial review of results

will be completed by the end of 2004 (Dr. Karin Weyer, personal communication).

ANTIGEN TESTS THAT EXPLOIT THE PRODUCTION OF INTERFERON GAMMA (IFN-?)

In these techniques whole blood is incubated overnight with the added antigens (such as
ESAT or MPT64). Blood from patients with tuberculosis infection contains lymphocytes that
respond by secreting IFN-7. This is detected by means of an ELISA test. The entire operation
takes approximately 24 hours ™**. Newer versions of the tests incorporate the use of blood
collection tubes that already contain M. tuberculosis-specific antigens (rather than PPD, thus
improving the specificity) and other features that reduce labour and hence the possibilities of
human errors. Since the results are on a continuous scale depending on how much INF-7 is
produced, receiver operating characteristic (ROC) curve analysis has been used to determine
the optimal cut-off point to identify those who are most likely to have either a history of

infection or current active disease.

Streeton et al'>" have determined the optimal cut-off point for identifying those with a history
of past infection based on the PPD skin reaction as the gold standard. They analysed the
results from 948 subjects of whom 1 was HIV-infected and 12 had current TB disease (the
authors imply, but do not say, that these were all cases of pTB). Approximately half of their

subjects had never received the BCG. They used the QuantiFERON®-TB test for their study.

Their results showed a sensitivity (for infection with M. tuberculosis) of 90% and a specificity

of 98%.

For subjects with active disease, the sensitivity was 83.3% using the optimal cut-off point for a
history of infection (95% confidence interval 62.2% to 100%). The specificity was not given,
but, based on a further analysis of the results that they tabulated, would be approximately
58%. In fact, the mean IFN-? responses were higher for those with infection but no active
disease as compared to those with active disease, indicating the inability of this test to
adequately differentiate between these two groups, even although the cut-off value that was
used had not been optimised for detecting those with active disease, and even although the
study group would differ in substantial ways from the gold miners in South Africa (HIV sero-

prevalence and BCG history).

Mazurek et al'*° have carried out a similar study using the same commercially available test
as was used by Streeton et al. Their results are similar, but they go on to point out that there
were fewer false positive results (when compared to PPD skin testing) due to BCG history or
infection with NTMs. If the high prevalence of PPD skin test positives in South African gold
miners can be shown to be significantly affected by BCG and/or NTMs, then the use of this

test might be more specific than the skin test under South African conditions. However, it is
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common to find that up to 30% or more of the miners have a past history of tuberculosis

disease, so that its usefulness might be curtailed in this community.

PHAGE TECHNOLOGIES

In these tests, phage is added to the decontaminated and concentrated sputum specimen. It
infects any mycobacteria present. Excess extracellular phage is then killed with a virucide.
Thereafter, a mixture of M. smegmatis, which is rapid growing, and culture media is added to
the specimen. The phage that has infected any mycobacteria in the original sputum specimen
will have survived the virucide which only acts extracellularly, and now multiplies within those
mycobacteria. It is then released and infects and kills those M. smegmatis organisms in its
vicinity, so that, when the added M. smegmatis grows in the culture medium small clear
circles are seen in the growth, indicating the presence of mycobacteria in the original sputum
Specimen137. Three reports have been found that describe the performance of this test. They

all used a commercially prepared system known as FASTPlaqueTB™ (FPTB).

The first report to be published was for a study of 1692 specimens from 853 pTB suspects in
the Cape Town area of South Africa'*®, Subjects were all adults recruited from local clinics.
The HIV-infection rate was not noted or commented on. Subjects who had a history of prior
pTB during the past 3 years were excluded. Specimens were all subjected to FPTB, culture
using Lowenstein-Jensen medium, and smear microscopy using auramine stain.
Approximately 10% of the subjects were found to have pTB. The sensitivity and specificity of
the test were found to be 75.2% and 98.7% respectively, as compared to 63.4% and 97.4%
for microscopy. Although the performance of the test is not very much better than sputum
microscopy, it was found to detect 54.1% of culture positive cases who had 2 consecutive
negative smears. In fact the use of smear microscopy and FPTB permitted the diagnosis to
be made within 2 days for 81.2% of all the culture positive cases. The authors recommend

that the test be reserved for use in those with two consecutive negative smears.

The second report B9 refers to a study carried out in Karachi. In that study 584 sputum
specimens were assessed by means of FPTB, Lowenstein-Jensen culture and acid fast
microscopy. HIV-infection status of the subjects was not mentioned or discussed. Complete
results for all three tests were available for only 514 specimens, of which 245 were culture
positive for M. tuberculosis. Seventy of the missing results were due to overgrowth with
contaminants. The authors suspected that the contamination occurred during handling
because Bacillus spp. and Staphylococcus spp. were the commonest organisms identified as
contaminants. These authors obtained sensitivities and specificities of 87.4% and 88.2%
respectively for smear positive specimens and 67.1% and 98.4% for smear negative

specimens. The direct cost of the FPTB test was $8 in Pakistan in 2002.

In the third study to have been reported " FPTB was used along with PCR, culture using a

radiometric BACTEC method and smear microscopy using Ziehl-Neelsen staining on 201
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sputum specimens. Specimens were excluded if the suspects had a past history of pTB.
Again, there was no mention of HIV-infection status. Contaminants precluded the FPTB
results for 7, and culture results for an additional 2, leaving 192 sets of analysable results.
Again, no mention was made of the HIV-infection rate among the participants. The results
were similar to those obtained in the two previously reported studies, although the
contamination rate was lower than reported by Ali Albay et al, and the sensitivity was

(perhaps as a result) somewhat higher at 87.5%.

These results are promising, although the cost will have to be reduced considerably before
FPTB testing can be considered for mass screening. However, the influence of past TB and
HIV on the performance parameters needs to be established first, even if the test becomes

available at very low prices.

In addition, the FPTB test does not differentiate between M. tuberculosis organisms and

NTMs"’, an additional potential problem with using this test on South African mines.

BETA ; -MICROGLOBULIN

Beta, -microglobulin (B2M) is a serological marker of immune activation that has been used in
the monitoring of response to therapy for a number of conditions in the past. More recently it
has been found to be raised in patients with TB disease and in patients with HIV-infection. It is
even more markedly raised in patients with HIV-infection with TB disease. It has been
investigated as a measure for monitoring the course of HIV disease as well as for prognostic
purposes in HIV-infected individuals'*". It has not been evaluated as a diagnostic or screening

measure.

Flynn et al"’ demonstrated that mice that were lacking the gene responsible for B2M

expression had a very high mortality very soon after infection with tuberculosis bacteria.

Piwowar et al "** went on to measure B2M levels in 66 Ugandan patients and controls, 38
who were HIV non-infected and “asymptomatic’, 12 who were HIV-infected and
"asymptomatic” and 16 who were HIV-infected and "symptomatic”. They found that the HIV-
infected group had higher levels of BZM than those who were non-infected, and, among those
who were HIV-infected, the symptomatic group had higher levels than those who were

asymptomatic.

In extracting and reworking the data that they presented, it becomes apparent that B2M levels
with an optimum cut-off value of 3.5 mgllitre had sensitivity for distinguishing between
symptomatic and asymptomatic HIV-infected individuals of 75% and a specificity of 50%.
They unfortunately did not include a group of HIV non-infected "symptomatics” in their study.
The BZM levels among the healthy controls were considerably higher than previously
reported for healthy westerners (approximately double in fact) which they presumed might be

caused by a high background prevalence of tropical parasitic infections.
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Unpublished data from South African gold miners suggests that the "normal” levels in South
Africa are more similar to those found in western society (author's personal unpublished

data).

Wanchu et al'** conducted a similar study among Indian patients. Their study included 12
HIV -infected tuberculosis patients and 14 HIV non-infected healthy controls. Once again,
extrapolating from the data that they presented, and using a cut-off value of 1.5 mgl/litre, the

sensitivity of this test would be almost 100% but the specificity would only be about 75%.

The reported study had small numbers, however, and hence these extrapolated values would
have very wide 95% confidence intervals. Again, there was no comparison group in the study
who were HIV non-infected but TB disease positive, so that these extrapolations may prove to

be incorrect in reality, as will the optimal cut-off point.

None of these newer technologies has been subjected to a good quality published economic
analysis that we were able to find in the literature search. In addition the studies are too few,

too small, or too dissimilar for valid meta-analysis to be performed.
THE WORKSHOP VIEWPOINT

At the workshop held to discuss the literature review findings, these alternative newer
methods were not presented in detail due to the iliness of the main presenter. However, the
workshop participants felt that there was probably little to be gained (at least at this stage)

from further research in the mines into any of these methods as screening tools.

The main concerns were the possible lack of sensitivity due to the high prevalence of HIV in
the South African mining setting and low specificities due to possible other infections in the
South African setting, and which would result in too many false positives who would then
require further definitive testing to exclude TB. Workshop participants were also doubtful that
the costs of many of these alternative methods could be reduced to feasible levels for mass

screening, at least in the medium term.

DISCUSSION AND CONCLUSIONS

Active case finding implies that health service workers search for additional cases among
those who have not selfpresented for diagnosis and care. This could involve mass screening
of whole populations, or it could be confined to those considered at higher risk, such as close

contacts of infectious cases, silicotics, HIV positive individuals and those with a history of TB.

Where mass screening is employed, if the prevalence of disease is 2% and the screening test
has a sensitivity of 100% and specificity of 98% then 50% of the positives identified will be
false positives. If the sensitivity is only 50% then 2/3 of those testing positive will be false
positives. As a result, for the tests that are currently available, and given their test

parameters, a second round of definitive testing needs to be carried out using a diagnostic
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test that has high specificity (to avoid treating healthy people with 6 months of TB treatment
unnecessarily) as well as a high sensitivity (to avoid further loss of cases). Currently, sputum
culture is the best-performing diagnostic test available for this second round of testing. It
should be remembered that this second round of diagnostic testing will need to be carried out
on 2-3% of the workforce given the above scenario, and this may not always be logistically

easy to do.

Pulmonary TB is a disease that might develop in relatively asymptomatic individuals vho
often only start treatment several months later. For a given screening test, the effectiveness
of a screening programme that aims to detect cases early in order to reduce the period of
infectiousness depends on the duration of infectiousness relative to the inter-screening

interval.

Even if the screening test has a sensitivity of 100% and a specificity of 100%, if the duration
of infectiousness is only 3 months, then an annual screening programme can only hope to
achieve a reduction of 1/8 in the average duration of infectiousness. If, as is the case with
currently available screening methods, the sensitivity of the screening test is only 50% then

the reduction in the duration of infectiousness will only be by 1/16.
The benefits from mass screening become even more dubious if one considers that:
& Screening tests may have an even lower sensitivity in patients with HIV infection.

& Since smear positive patients are more likely to self-present, the screening test may
detect a disproportionate number of those who are smear negative and less infectious

anyway.

& Since 60%+ of all incident TB cases are caused by reactivation of dormant infections, the

screening intervention will not have any short-term effect on these case numbers.

& Even if the screening test has a specificity of 98% it will identify very large numbers of
people who do not have the disease (2% of the screened population), and who will have
to be subjected to further definitive testing in order to exclude it. In situations where there
is a high rate of BCG immunisation and, as in the South African mines, exposure to
NTMs, many tests will have even lower specificities than are reported elsewhere in the

world.

& Although up to 1/16 of transmission might be stopped through screening this may not
translate into 1/16 fewer new infections since in a high prevalence situation there are
often multiple sources of infection, not just the one contact who has been started on early
treatment. People who become infected may become infected more than 1 time before

becoming ill. Preventing 1/16 of these infections may not prevent the person becoming ill.

£ Even if the mass screening programme were to work well by reducing the average period
of infectiousness there would also be a reduction of the prevalence rate, changing the

dynamics of the epidemic and reducing the yield from the screening programme.
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&

On

Increasing the frequency of the screening test would simply increase the net cost per

case since the yield would decline as the screening programme develops.

the other hand, it may also be argued that:

The benefits of the screening programme need to be assessed in a more dynamic way. If
100 cases of pTB are detected early in 1 year then this would result in, possibly, 10 fewer
cases over the next 10 years and 1 fewer subsequent to those 10 years as well. So we
are not just detecting 100 cases early, we are also preventing 11 cases in the future. This

may be difficult to quantify.

Since HIV-infected people with TB have been shown to present earlier than those who
are HIV non-infected and are more likely to be smear negative, from a transmission
dynamics perspective it is not of much concern that a test may have poor sensitivity
among those infected with HIV, as long as it is not used as a definitive diagnostic test (i.e.

reserve it for screening only, and insist on a confirmatory test such as sputum culture).

Even if a test has a sensitivity of only 70% this does not negate its use in this screening
context since even this test will prevent 70% of the potential 25% reduction in
transmission of a test with a sensitivity of 100%, and this may be cost-effective if the test

is cheap enough to administer.

Low specificities are only an issue if the definitive diagnostic test is either very expensive,
carries a risk for the person being tested, or is culturally unacceptable. Sputum culture is
a definitive diagnostic test that, although fairly expensive, is non-invasive and culturally

acceptable.

In contrast to screening tests for conditions like malignancies where the aim is to detect
as many patients as early as possible, with dire consequences for the patient if the
diagnosis is missed, and for which scenario a screening test should be highly sensitive
even at the expense of specificity if necessary, the aim here is to reduce transmission in a
cost-effective way. Therefore, a screening test with relatively lower sensitivity but higher
specificity may be suitable. Tests that, because of their low sensitivity, may be
inappropriate for definitive diagnostic purposes may be quite useful in tis screening

context.

The fact that a screening programme will only be cost-effective for a limited number of
years is not an argument against the programme: rather this is proof that it has done its

job. The programme can simply be discontinued once the incidence rate has fallen.

It follows from the preceding discussion that the usual criteria used for assessing the quality

of a screening test may be relative in the context of screening for pTB. It would be useful to

have a reliable validated epidemiological model that incorporates screening parameters in its
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structure, as well as economic study information to help resolve this debate. However, such a

model and this economic information are not currently available.

SYMPTOMS QUESTIONNAIRES

Concerning the use of symptoms questionnaires as a means of mass screening, it is likely
that the cost will be quite low since there are no significant testing costs other than the time
taken to complete and analyse the questionnaires. However, there is little convincing
evidence that they actually work. It is possible that miners may play down their symptoms
when completing such questionnaires for fear of losing their jobs, especially if administered at

the time of re-induction when new contracts may not have been signed yet.

On most South African mines, however, miners have several contacts with health
professionals each year, and it would make sense, given the very high incidence rates of pTB
in the mines, for all health professionals to be continually sensitised to the possibility that a
miner who comes to see them, even for some routine purpose such as an audiometry test,
might have pTB as well. All categories of staff might be trained to continually ask about

cough, night sweats and weight loss, and to look for any visible evidence as well.

The very long periods of infectiousness described from Churchyard et af's study suggest that
opportunities for early diagnosis are being missed in the routinely accessed health services.
This is born out by the results of the autopsy study of Murray et al which showed that a high

proportion of miners who die from TB do so without a pre-mortem diagnosis.

It is recommended that further research might be worthwhile, but a relatively low priority at
this stage. If further research is carried out then it needs to address the timing of the
questionnaires as well as the language used (must be "culturally competent”). One possibility
is to evaluate a "scouting” programme whereby specially trained personnel are tasked with
continually seeking out those with symptoms of pTB and referring them for further testing at

the health station.
SERIAL WEIGHTS

Although this strategy was not discussed in the workshop and may be of limited use due to
the high prevalence of HIV among mine workers, it's low cost means that it may prove useful
as a method of identifying a sub-group for more focused screening using chest Xrays and

sputum examination. This may be worthwhile examining further in a formal study.
ANNUAL CHEST X RAYS

In general the use of chest X-rays as a screening tool for pTB is not supported by the
published evidence, since the specificity, especially, is so low that one would end up having to
subject a high proportion of the workforce to sputum culture. However, in the mines, because
previous chest Xrays are available for comparison purposes, this might not be true. If the

person reading the X-rays looks for new changes only then this might be a screening test with
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a reasonably high specificity. In any event, since the miners continue to have annual chest X
rays as part of their occupational surveillance, it is essential that the screening focus be on
making use of the opportunity to look for new changes that might be indicative of pTB. Indeed
the mines report that a high proportion (currently over 30% in many cases) of their TB cases
is detected by this method. This fits well with the long period of infectiousness that has been

described on one mine.

Most of the published reports suggest that a mean duration of symptoms of perhaps 25
months is the norm in most parts of the world. If selfpresenting cases are detected at a
constant rate throughout the year and if the mean duration of disease prior to diagnosis and
treatment is 3 months then one would not expect the annual chest Xray to detect more than

25% of the cases, assuming that presence of symptoms is a good surrogate for "disease”.

The fact that the annual chest Xray is detecting over 30% in many cases suggests that the
duration of disease is longer than 3 months. This may be especially true for the HIV non-
infected miners, since a study on one mine has indicated that up to 50% of these pTB cases

(in the HIV non-infected) are detected at the time of the annual chest X-ray.

This evidence could be used to advocate more frequent chest Xray screening in which the
reader looks for new changes on the Xray (to improve the specificity). However, one needs
to be careful because the addition of a second X-ray changes the cost-effectiveness
dramatically. Where miners are being subjected to Xray anyway, the cost is a sunk cost. But
when an additional screening is introduced that would not otherwise take place then the entire
cost of the additional screening must be included in the estimation of the cost per case
detected. In their randomised controlled trial of twice yearly vs. annual chest X-ray screening,
Churchyard et al found that there was no difference in the incidence rate at 1 year, but there

might have been a lower case fatality rate in the group undergoing twice yearly screening.

In their study, they randomised individuals within the same mine to either arm, and this might
have diluted any effect as far as the incidence rate is concerned, but would not have biased
the measurement of the case fatality rate. The workshop attendees found these results
intriguing and felt that the study should be repeated (with randomisation of sites this time) to
see whether the findings could be repeated. They placed such a project joint second on the
list of research priorities. It can also be argued that if more than 25% of the HIV non-infected
cases are being detected at the annual chest Xray then too many cases are being missed for
too long by the routinely available health care services and that this needs to be addressed

rather than introducing an additional and more costly screening step.

This argument raises an interesting question. Where there is a routinely used annual
screening tool such as the annual chest Xray, do health care workers, to some extent,
abdicate their responsibility for the day-to-day detection of disease to the screening
programme? It is of the utmost importance that health care workers understand that the

screening tools that are used have poor sensitivity and should never be relied upon to detect
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patients or to secure a definitive diagnosis in those who undergo mass screening (when there

will be large numbers of false positives, even if the specificity is over 98%).

The screening programme is an additional intervention, and not there to replace good
diagnostic clinical practice. Paradoxically, if health care workers do, even sub-consciously,
abdicate their clinical responsibilities to the screening programme, which uses methods of
poor sensitivity, the existence of any screening programme might make the case detection

rates and transmission worse.

The workshop attendees strongly supported further research into the ways in which decisions
and policies are implemented (or not implemented) regarding the routine TB services in the
mines, and into ways in which to improve these =rvices. They regarded this as the top
priority for further research. It is recommended that the annual chest Xrays continue to be
used as a source of case detection, followed by sputum bacteriology in those who screen
positive in order to establish a diagnosis. Although in the medium term it is recommended that
a further study be carried out of twice yearly vs. annual chest Xrays, the top priority is for
research into the ways in which the routine services can be improved and strengthened.
Health workers need to be educated concerning the limitations of the chest X-ray as a
screening or diagnostic tool and encouraged to increase their levels of suspicion and the

aggression with which they search for the TB bacillus when their suspicions are aroused.

MANTOUX SKIN TESTING

The use of the currently available Mantoux skin test, using tuberculins, is not useful for
screening for active disease in adults in South Africa due to the very low specificity. Although
the use of more specific sensitins in the future may improve the specificity there is no
indication that the test will ever be useful for distinguishing between infection and disease in
the South African mining population. It is recommended that no further research be funded
into the use of existing technologies as potential screening tests for active disease in the

South African mines at this stage.

SPUTUM BACTERIOLOGY

The sputum smear examination is the current recommended definitive diagnostic test for pTB
in resource-poor countries. In these settings gproximately 1/10 of suspects are found to
have pTB. The test has a sensitivity of about 50% and a specificity of about 98%.This means
that the LR+ is 25. Since 1/10 suspects actually have the disease the post-test odds of
disease is 2.78. This means that the positive predictive value is 0.735. In other words, under
typical field conditions, just over ¥ of those who are diagnosed as having pTB using this
method will not actually have pTB. The situation is worse if the test is used as a screening
test on the general population such as in a mining work-force where the prevalence of pTB

might be only 5% of those who are able to produce a sputum specimen. Under these
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circumstances the pre-test odds are 1:19 and the post-test odds become 1.32:1. The PPV is
now 0.569. In other words, over 40% of those who test smear positive in such a screening
programme would not actually have pTB. Thus it is imperative that the positive smear result is
followed by a further definitive test such as culture and species identification. Smear
examination alone should never be used as both a screening and definitive diagnostic test. In
fact it might also be argued that even under clinical conditions the positive smear should
always be followed by a culture and species identification, axd treatment should only be
started on the basis of the smear result if two consecutive smears are positive, if a culture is

positive or if the patient is too ill to wait for the results of the sputum culture test.

Patients who are detected by means of a mass screening intervention are by definition
asymptomatic, so the rule should be that the sputum smear microscopy result should be

positive on two specimens, or else on one specimen followed by a positive culture.

In practice, smear examination is a potential screening tool for pTB, as long as it is not used
to determine the definitive diagnosis, since it is unlikely that other screening tests will have
specificities much higher than 98%. One issue, however, is that the specificity may be slightly
lower in the mines due to the presence of NTMs. The costs of such a programme may be
reduced by the fact that only a small proportion of miners will be able to produce a sputum
specimen. Sputum induction needs to be further assessed as a way to improve sensitivity,

since the published reports about this manoeuvre have been unconvincing.

If the sputum screening is performed 6 months after the routine chest Xray screening then
the impact of the intervention in terms of additional cases identified early might be expected to
be greater. The outcome measure of interest is the duration of infectiousness, so that, if
further research is carried out, there should be documentation of prevalence and incidence
before and after the intervention. If the outcome of interest is the short-term incidence rate
change then randomisation should be performed using mines or shafts as the units of
randomisation rather than individuals. The workshop attendees did not see this kind of
research as a priority, however, since it appears (admittedly with imperfect knowledge) that

the greater priority is to improve the already routinely available services.

Although this is only indirectly related to the question of screening, further research is
probably justified into ways of improving the sensitivity and quality of smear examinations

along the lines described in this section of the literature review.

NEWER TECHNIQUES

Of the newer techniques described there are a few that appear promising as definitive
diagnostic tests, such as the INF-7 tests, and the patch test. The other newer tests that have
been described suffer especially from low specificities (making them less useful either as
definitive diagnostic tests or as screening tests). Where specificities appear to be high, the

results are often based on small sample sizes or else have not yet been evaluated in the
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South African mining (or similar) population. Tests that are based on the MPB-64, ESAT-6 or
CFP-10 antigens are likely to be more useful due to the high background levels of NTMs in
the South African mining industry. Additional issues when a test is to be used as a screening

test are the cost (price plus administration) and acceptability.

The INF-7 tests are likely to be too expensive for screening use since, unlike the case of a
sputum-based test where only a small proportion of the population will be able to produce a
specimen, the entire population being screened will be able to be tested. In addition, the test
requires the taking of blood from asymptomatic people and there may be objections to this

from a number of the work-force.

The high dose patch test, on the other hand, may be quite cheap once it is commercialised.
Providing that the two trials currently under way confirm the earlier promise of this technique,
this may turn out to be an affordable and acceptable test with good sensitivity and very high
specificity. In that case (and the final results are due for release at the end of 2005), it might
be worth funding research into the operationalising and economic evaluation of the test when

used as a screening test in 2006.

Although the LAM tests showed initial promise, once they were used in tropical countries with
a high prevalence of HIV infection their performance was not as good, certainly not as
definitive diagnostic alternatives to the status quo. However, the fact that they might be used
on urine samples makes them potentially useful for screening purposes if the specificity,

especially, under South African conditions, can be improved.

The phage-based tests also show some initial promise. Although designed for definitive
diagnostic purposes, they might be useful as screening tests if the technology can be
simplified and the costs kept really low. One advantage from a cost perspective is that they
are performed on sputum so tests would only be performed if subjects are able to produce

sputum specimens.

RECOMMENDATIONS

A number of potentially useful research projects come to mind as a result of this literature
review and the discussions held during the workshop. The workshop attendees
recommended that there is a single top priority for research and that is presented as item
number 1. Thereafter they felt that there were two secondary priority areas (neither higher
than the other) that are listed as 2 a. and 2 b. Finally, some additional recommendations are
made involving evidence and material that was either not presented at the workshop or that

has come to light through reflection subsequent to the workshop.

1. A study of why it is that modern recommended methods for the diagnosis of pTB are not
always practised on South African mines. This should include the decision and policy

making processes on mines, the factors affecting implementation particularly ways to
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improve primary care services in early detection of cases as well as the beliefs and

attitudes of health workers and miners. This could comprise a number of sub-studies:

a. An observational study to record the processes of the routine programme,

including primary care services, against a set of benchmarks.

b. Qualitative studies of the ways in which policy decisions are made and how they

are implemented.
c. KAP studies of health care workers and of miners.

The bllowing two research topics were rated joint second as priorities by the workshop

attendees:
a. The effect on pTB case-fatality rates of twice yearly vs. once yearly chest X-rays.
b. Laboratory quality assurance for sputum microscopy and culture.

Robust economic and epidemiological models need to be developed that can be used to

assess the viability (in theory) of proposed interventions.

The patch test, if found at the end of 2005 to be as promising in field use as it appears,

should be investigated as a potential screening tool in 2006.

The design, operationalising and evaluation of symptoms questionnaires to identify those

at higher risk as a sub-group for further investigation.

The use of serial weight measurements (once per year, preferably mid-way between the
routine annual chest X-rays) may also be worthwhile as a strategy for further

investigation.
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APPENDIX 1

Pre- and Post- workshop questionnaires

PRE-WORKSHOP OPINION POLL

NICKNAME:

Are you employed in the SA mining industry at least 30% of your time?

YES NO

In you opinion, which of the following TB diagnostic methods warrant(s)
further investigation as screening method(s) for TB on South African mines?
Please choose an option for each method listed by marking the appropriate
boxes beneath each method.

1. Questionnaires about symptoms

STRONGLY STRONGLY
AGREE DISAGREE

Skin tests

STRONGLY STRONGLY
AGREE DISAGREE

Chest X-rays

STRONGLY STRONGLY
AGREE DISAGREE

Sputum examinations (smears and/or cultures)

STRONGLY STRONGLY
AGREE DISAGREE

New molecular methods

STRONGLY STRONGLY
AGREE DISAGREE
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POST-WORKSHOP OPINION POLL

NICKNAME:

In you opinion, which of the following TB diagnostic methods warrant(s)
further investigation as screening method(s) for TB on South African mines?

Please choose an option for each method listed by marking the appropriate
boxes beneath each method.

1. Questionnaires about symptoms

STRONGLY STRONGLY
AGREE DISAGREE

Skin tests

STRONGLY STRONGLY
AGREE DISAGREE

Chest X-rays

STRONGLY STRONGLY
AGREE DISAGREE

Sputum examinations (smears and/or cultures)

STRONGLY STRONGLY
AGREE DISAGREE

New molecular methods

STRONGLY STRONGLY
AGREE DISAGREE
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Analysis of the responses to the pre- and post- questionnaires

24 people completed the pre-questionnaire. 11/23 were involved in the mining industry for
more than 30% of their time (the 24" did not respond to the item).

21 people completed the post-questionnaire. All could be linked to their responses to the pre-
questionnaire through their nicknames.

Median scores for the 5 items:

Question item: 1 2 3 4 5
Pre-questionnaire 1 4 2 2 2
Post-questionnaire 1 5 2 2 5

None of the changes in scores were statistically significant using Wilcoxon's signed rank test except for

the changes in responses to questions number 2 (p = 0.02) and 5 (p = 0.0008).

In other words, the respondents:

& felt even more strongly at the end of the workshop that further research into skin tests was not
warranted and

& changed their views about novel methods from being fairly in favour at the start of the workshop but
firmly against at the end.

The data was then stratified according to whether the respondent spent more than 30% of his/her time

working in the mining industry, but there were no differences in the medians for the two strata either in

the pre-questionnaire or in the post-questionnaire.
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APPENDIX 2

Screening terminology

UNPACKING SOME OF THE SCREENING TERMINOLOGY

The tuberculosis screening workshop will be attended by participants with a wide range of
prior epidemiological knowledge, from novice researchers and public health students in
training, through to experienced practitioners with limited formal training in epidemiology, and

experienced researchers of international repute with considerable knowledge and skills.

This set of 12 page fact sheets of background information is provided in advance of the
workshop mainly to orientate the novice participants prior to the workshop. The fact sheets
will, however, be sent out electronically to all participants so that everyone is aware of what

has been covered.

As a result, all participants are requested to read through the documentation. For experienced
researchers, all that will be required is to glance, briefly, at the headings on each page. For
others, whose background in epidemiology is superficial, some time should please be spent

studying the contents and making sure that the concepts are understood.

Some of these fact sheets will be included in the final report as appendices for readers of the
report who might want some background information of this nature. Others might be
incorporated into the actual report at appropriate places. As a result, any comments that
participants might have concerning the accuracy of the fact sheets (errors, misinterpretations

"on

etc...), style ("unclear" "confusing” etc... ) or the amount of detail (too much, too little), or

omissions will be very welcome. Please send these comments to hsct@icon.co.za.


mailto:hsct@icon.co.za

SCREENING DEFINITION AND PURPOSE

Screening for a disease is a set of activities carried out in apparently healthy (i.e.
asymptomatic) populations (with regard to the disease) in order to classify the population into
those who might, and those who probably do not, have the disease. In practice many of the
people who take part in a screening programme are in fact symptomatic and may not be
correctly called "apparently healthy”: they will, however, usually be undiagnosed prior to the

screening.
The following definition is given in Rothman and Greenland, 1998":

"Screening for disease control can be defined as the examination of asymptomatic
people in order to classify them as likely or unlikely to have the disease that is the

object of the screening”.

Those individuals who, after screening, are classified as likely to have the disease, are then
usually invited to undergo additional, more definitive, examination and or investigation
(referred to as the "definitive” test) in order to determine whether or not they really do have
the disease (a proportion will turn out to be disease-free, the so-called “false positives").
These "definitive" tests are also sometimes referred to as "diagnostic” tests. However, since
screening tests are also usually diagnostic tests, the term "definitive” will be used in this

workshop.

In most textbooks the only purpose of screening is stated to be to detect disease early and,
thereby, to improve the outcome for the individual with the disease, by starting treatment

earlier (an individual benefit).

However, another purpose might be to identify cases of an infectious disease earlier than
would be the case if one were to simply wait for such people to present to a treatment centre,
and, thereby, through institution of earlier treatment, limit the spread of the disease in the
population (a population benefit). In the context of screening for tuberculosis, both these

purposes are relevant.

The rationale behind using a screening test first followed by a definitive diagnostic
assessment of those found (as a result of the screening test) to be "likely" to have the disease
("screening test positive"), is: It makes intuitive sense to reserve an expensive, invasive,
unpleasant diagnostic test, which may also be difficult to perform, for use in the small sub-set

of people who screen positive, rather than try to apply such a test to an entire population.

! Rothman, K.J., Greenland, S., 1998. Modern Epidemiology (2"Cl edition), page 499. Philadelphia: Lippincott, Williams and
Wilkins.



It follows that screening tests should preferably be inexpensive, easy to perform, non-

invasive, and acceptable to people who make up the population being screened.



CRITERIA FOR INSTITUTING A SCREENING PROGRAMME

Beaglehole et al’ have described a list of criteria that ought to be met before instituting a
screening programme, based on (it is abridged) a much-cited publication by Wilson and

JUngnerg. This list is presented below:

DISEASE Serious
High prevalence of pre-clinical stage
Natural history understood

Long period between first signs and overt disease

DIAGNOSTIC (SCREENING?®) TEST Sensitive and specific
Simple and cheap
Safe and acceptable
Reliable

a
Resources are adequate

DIAGNOSIS AND TREATMENT Facilities are adequate

Effective, acceptable, and safe treatment available

a: my additions

Some of these terms, namely "sensitivity”, "specificity”, and "reliable”, will be explained in
subsequent fact sheets. Of note here, is the term "effective” that is used in the context of the
"Diagnosis and Treatment” part of the above list. Effective is usually taken to mean that

"

something works as intended under operational conditions. "Efficacy” may be excellent under
clinical trial conditions, curing 90%+ of patients, but the Effectiveness"” under operational
conditions may only be a 65% cure rate. The term "effective” should probably also be applied

in the context of the "Diagnostic screening test” in the above table.

The list of criteria above says nothing of the cost-effectiveness of the screening programme.
Introduction of a screening programme always entails an opportunity cost, since resources
are never limitless. Thus one may want to add that the screening intervention must be a cost-
effective use of available resources. Furthermore, if early institution of treatment offers few or
no benefits for either the patient or the community, then there may be little point in trying to
detect the presence of the disease early through a mass screening programme. Thus one
may want to add that delayed treatment of the disease carries unacceptable consequences
for the individual or for the community. On the next page, there is a brief account of each of

the criteria given in Beaglehole et af's list.

2 Beaglehole, R., Bonita, R., Kjellstrom, T., 1993, Basic Epidemiology, (updated and reprinted 2000), page 93.
Geneva: World Health Organization.

3 Wilson, J.M.G., Jungner, G., 1968. Principles and Practice of Screening for Disease. (Public Health Papers,
Number 34). Geneva: World Health organization.




Serious
It goes without saying that if one is to commit major resources to screening for a disease then
one would only do this if the disease is serious, resulting in significant morbidity or mortality

for those who have the disease, as well as adverse consequences for society as a whole.

High prevalence of pre-clinical stage

The prevalence of the pre-clinical stage is higher if the prevalence of the disease is high,
and/or if the interval between the onset of the disease and clinical symptoms is long. If a
disease has very serious consequences if not detected and treated early, such as some

congenital metabolic abnormalities, then this requirement may be considered less important.

Natural history understood

We need to know, if a disease is not treated, or is only treated late, what the adverse
consequences will be. Otherwise it will not be possible to weigh the costs (financial and non-
financial) of the screening programme against its benefits (financial and non-financial).
Furthermore, we need to know what the period is between the time when an average case
becomes detectable by the screening test and the time that the patient becomes overtly
symptomatic and seeks treatment. Knowledge about the duration of this sub-clinical period

will also enable us to determine how frequently we should carry out the screening test.

Long period between first signs and overt disease

If the period between first detectable signs, using the screening test, and the emergence of
overt disease, is very short, then screening would have to be carried out very frequently in
order to be able to detect a reasonable proportion of cases and intervene before the disease

becomes symptomatic. This would make the screening programme impracticable.

Sensitive and specific (two important measures of validity)

The sensitivity of the screening test is simply the proportion of pre-clinical cases that is
detected as "positive” by the test. Similarly, the specificity of the screening test is the
proportion of non-cases that is identified as "negative” by the screening test. We might be
unhappy with a test that only identified 60% of pre-clinical cases (sensitivity = Q6), or that
only identifies 65% of non-cases as being non-cases (specificity = 0.65). If the sensitivity is
low then a screening programme will miss many cases and would be less effective. If the
specificity is low then we would identify a large number of false positives who would then be
needlessly subjected to definitive diagnostic measures, with a loss of efficiency. Either
scenario will result in a less attractive screening programme and possible wasted resources.
For a particular, given, test, where one can adjust the level of the result that is considered
"positive”, there is a trade-off between sensitivity and specificity (we cannot improve both
simultaneously). Often, for screening tests, it is preferred to have greater sensitivity and

accept a loss in specificity. Sensitivity and specificity will be discussed in more detail later.



Simple and cheap

Screening tests that are used in population-based programmes need to be administered to
large numbers of people, usually on a regular basis (e.g. once a year or once every 2-3 years,
Hence they should be inexpensive. The tests also have to be administered by competent
testers and the results have to be read or interpreted by competent people. These personnel
may be needed in large numbers, and may be relatively unskilled. Hence, there is a need for

simplicity in administration and interpretation of the test.

Safe and acceptable

The screening test is being administered to large numbers of people who are asymptomatic
and consider themselves to be healthy. Most of those who have the test will usually be
perfectly well. It is important that the test does not, therefore, carry significant risks or side-
effects. In addition, the testing procedure should not cause undue discomfort and should be
culturally and politically acceptable, or else many of those who need to be screened might

refuse to take part.

Reliable

Reliability of a test is a test property whereby the same test, if repeated on the same
individual, whose disease state has not changed, will give the same result. Relatively high
sensitivity and specificity do not necessarily imply high reliability. This property will be

discussed further in a later fact sheet.

Resources are adequate

There should be adequate facilities and competent human resources to carry out the
screening programme, the definitive testing and evaluation of those who screen positive, and
the treatment of those who are determined to be suffering from the disease. This includes
managerial resources for organizing, training, budgeting and monitoring of the programme.
This need is often overlooked and when it is overlooked, may lead to the failure of the

programme to deliver the expected results.

Facilities are adequate

Where identified patients will need to be admitted to a facility for treatment, are there
adequate facilities available for these admissions? If not, then the screening programme may
simply detect people with the disease in question, and there would be no possibility to then

admit them for their treatment.

Effective, acceptable, and safe treatment available
Whether treatment for the disease in question is carried out in a facility or not, there needs to
be an effective treatment option available that is safe and acceptable to the person with the

disease. Otherwise the purpose of the screening programme will fail to be achieved.



SENSITIVITY AND SPECIFICITY

Consider a hypothetical situation in which a screening test was administered to 400 people, of

whom 200 really do have the disease in question and 200 really do not. The results might be:

RESULTS OF SCREENING FOR 200 RESULTS OF SCREENING FOR 200 WHO
PEOPLE WHO HAVE THE DISEASE: DO NOT HAVE THE DISEASE:
Screen test +ve = 180 Screen test +ve = 30
Screen test —ve = 20 Screen test —ve = 170
Total of those screened = 200 Total of those screened = 200
SENSITIVITY = 180/200 SPECIFICITY = 170/200
=0.90 =0.85

In other words, 90% of those who really do have the disease test positive with the screening

test (this is the sensitivity of the tests) and 10% (20) are false negatives.

In addition, 85% of those who really do not have the disease test negative with the screening

test (this is the specificity of the test) and 15% (30) are false positives.

This information is usually presented in a combined 2X2 table:

IS DISEASE REALLY PRESENT?
YES (+) NO ()
o VE b
+ a
W= (a+b)
¥
O
) VE C d (C + d)
(a+c) (b +d) (a+b+c+d)

The SENSITIVITY of the test is then given by a/(a + ¢) and
The SPECIFICITY of the test is given by d/(b + d)

FALSE POSITIVES = b and FALSE NEGATIVES = ¢




POINTS TO REGISTER:

It stands to reason that the values for the sensitivity and specificity cannot be <0 or > 1.
If sensitivity is high (i.e. close to 1) the screening test will be able to detect most of the true cases.
If sensitivity is low (i.e. close to 0) the test will miss many cases, and screening will not be effective.

If the specificity is high (i.e. close to 1) then very few people will be subjected, unnecessarily, to

definite investigation for the disease. The test will have excluded them from further consideration.

If the specificity is low (i.e. closer to 0) then there will be a high number of false positives who will

need to undergo unnecessary definitive testing, a waste of resources and time, a loss of efficiency.

The results of a study to determine the sensitivity and specificity of a screening test are calculated
from two randomly selected samples of people (known cases and known non-cases) who were then
subjected to the screening test. Intuitively, (and this can be justified theoretically), it should be clear
that the larger these two samples of testees, the more likely that the resulting estimates for
sensitivity and specificity will be close to the true values for the test. But since the estimates are
always based on a study involving a sample of those with the disease and a sample of those
without the disease, one never knows whether the resulting estimates are exactly correct (this
almost never happens) or deviated above or below the real value. As a result, it is desirable that
estimates for the sensitivity and specificity should be accompanied by 95% confidence intervals:

Sensitivity = 0.9 (95% confidence interval is 0.848 to 0.936)

Specificity = 0.85 (95% confidence interval is 0.791 to 0.895)

This means that there would be 95% certainty that the true sensitivity of the test lies between 0.848

and 0.936. Also, we may be 95% certain that the true test specificity lies between 0.791 and 0.895.

Sensitivity and specificity estimates are only truly unbiased if the samples of people tested are

chosen at random from a defined population.

Sensitivities and specificities are not constant values, except for the defined populations in which
they were estimated. The sensitivities and specificities of some of the early HIV ELISA tests, for
example, were high in western Europe and north America, but the specificities were often poor in
central Africa where exposure to tropical antigens had led to the widespread development of cross-

reacting antibodies.

In conclusion:

&

We would like to use a screening test that has high sensitivity and high specificity. It is often not
possible to have both as there is a trade-off involved (this will be explained in a later fact sheet). For
screening tests, higher sensitivity is usually preferred at the cost of lower specificity. This ensures

that we do not miss cases (recall that we only screen for serious diseases).

Sensitivities and specificities should, ideally, be estimated using random samples of cases and non-
cases drawn from the population (or one that is very similar) that is to undergo the screening.

Results should be available and quoted with 95% confidence intervals.



PREDICTIVE VALUES

A test also has two other properties when used in practice, namely the positive and negative
predictive values. These properties are of interest when we consider the value of the definitive
diagnostic test that is administered to those who are identified by the screening process as

being likely to be suffering from the disease in question.

The positive predictive value of a test is the probability that a person who tests positive really
does have the disease being tested for. The negative predictive value is the probability that a
person who tests negative really does not have the disease in question. As with sensitivities
and specificities, these predictive values can only have values between 0 and 1. Unlike
sensitivity and specificity these values depend on the prevalence of the disease in the
population being tested. The relationship is explained and described mathematically with the

use of the same 2X2 table that was used for the explanation of sensitivity and specificity:

IS DISEASE REALLY PRESENT?

YES (+) NO ()
'_
5 VE
% ’ a b (a+b)
Ll
%
'_
%
Ll
'_
&
o VE c d (c +d)
O
a
(a+c) (b +d) (a+b+c+d)

RECALL THAT:

The SENSITIVITY of the test is then given by a/(a + ¢) and

The SPECIFICITY of the test is given by d/(b + d)

FALSE POSITIVES = b and FALSE NEGATIVES = ¢

IN ADDITION, NOW, WE DEFINE THE FOLLOWING TWO MEASURES:
The POSITIVE PREDICTIVE VALUE (PPV) = a/(a + b)

The NEGATIVE PREDICTIVE VALUE (NPV) = d/(c +d)



Here is a worked example using the hypothetical results presented in fact sheet number 4, where, if you
recall, 200 people with the disease in question, and 200 without the disease, were subjected to a

screening test. The results are presented in the table below:

IS DISEASE REALLY PRESENT?

YES (+) NO (1)

g, VE 180 30 210

=

=z D

ul

Y

Q VE 20 170 190
200 200 400

RECALL THAT:

The SENSITIVITY of the test is then given by a/(a + ¢) = 180/200 = 0.9 and
The SPECIFICITY of the test is given by d/(b + d) = 170/200 = 0.85
The 95% confidence intervals (| have calculated these using Epi Info) are

Sensitivity = 0.9 (95% confidence interval is 0.848 to 0.936)
Specificity = 0.85 (95% confidence interval is 0.791 to 0.895)

FALSE POSITIVES = b = 30 and FALSE NEGATIVES =c = 20

The POSITIVE PREDICTIVE VALUE (PPV) = a/(a + b) = 180/210 =0.8571
The NEGATIVE PREDICTIVE VALUE (NPV) = d/{c +d) =170/190 =0.8947
The 95% confidence intervals (| have calculated these using Epi Info) are

PPV = 0.8571 (95% confidence interval is 0.801 to 0.900)
NPV = 0.8947 (95% confidence interval is 0.840 to 0.933)

NOTE that the PREVALENCE of disease in our combined sample in this case is:

PREVALENCE - 200/(200 + 200) = 0.5.



POINTS TO REGISTER ABOUT THE PREDICTIVE VALUES OF A TEST:

1. Once again, predictive values are estimated from testing samples and so we should always present
the results alongside their confidence intervals.

2. Anhigh PPV means that if someone tests positive we can be fairly certain that they have the disease
in question.

3. A high NPV means that if a person tests negative we can be fairly certain that the person does not
have the disease in question.

4. PPV and NPV are not constant values even for a defined population, unless the ratio of those being
tested with the disease to those being tested without the disease is constant. In other words, the
PREVALENCE of the disease affects the estimate for PPV and NPV.

5. You are invited to convince yourself about the above statement (4) by filling in your own values in
the 2X2 table.

Assuming constant sensitivity of 0.9 and constant specificity of 0.85, start with a prevalence of 20%
by making (a + ¢) = 20 and (b + d) = 80. Then calculate the PPV and NPV.

Then repeat the exercise for a prevalence of 80% by making (a + c) = 80 and (b + d) = 20.
Recalculate the PPV and NPV.

You will see that as prevalence increases, from 20% to 80%, the PPV increases and the NPV
decreases (NPV and PPV always move in opposite directions).

6. When we are told that a test has a "high” PPV we need to ask ourselves what the prevalence of
disease was in the group tested. It may be that the researchers have used equal numbers of
diseased and non-diseased people (prevalence = 0.5 or 50%). However, in the population that we
are screening the prevalence of disease may be 1% or less, so that in practice we would have a
much lower PPV and a much higher NPV.

Conclusion:

& We need to consider the prevalence of disease in the group being tested before we can determine
the predictive values of the test.

& Since the prevalence of the disease in the population is usually low (1%-2% perhaps), even for
“common” diseases, the PPV of the screening test will always be low.

&  Screening identifies a sub-population of positives in whom the prevalence of the disease in question
will be higher than in the general population.

& Thus, when the definitive diagnostic test is administered and comes back positive, the PPV will be

reasonably high.



LIKELIHOOD RATIOS

Thus far we have been introduced to the concepts of the sensitivity and the specificity of a
screening test. These two parameters determine the quality of the test, and are constant for a
given test used in a defined population. Under operational conditions, however, we would also
like to know something about the performance of the test, given the existing prevalence of the
disease in the population being screened. We have seen how we can use the concepts of

positive predictive value (PPV) and negative predictive value (NPV) in order to do this.

If we know these three values, namely the sensitivity, the specificity, and the prevalence of
the disease, then we can work out the PPV and NPV and we will be able to determine the
number of people who will have to be subjected to a definitive diagnostic test and also what
proportion of these people will eventually be found to have the disease. We will also be able

to work out the number of false negatives — the people with the disease who were missed.

However, this is all a bit laborious. Therefore a method has been devised whereby we can, by
knowing only 2 values, the so-called likelihood ratio for a positive test result (LR+, defined on
page 3), which is a composite value derived from the sensitivity and specificity of the test, in
our screened population, and the odds of disease in the population (the "pre-test odds"),

simply multiply the two together to obtain the post-test odds of having the disease:
pre-test odds * LR+ = post-test odds.

The pretest odds of disease is related to the prevalence of the disease, and the post-test

odds to the PPV, as follows:

DISEASE
+
— + a b a+b
[%2]
k|
— [ d c+d
a+c b+d a+b+c+d

Pre-test odds (@a+c)b+d):1 (a+c)/(b+d)

Prevalence (a+c)/[(a +c) + (b + d)] Pre-test odds / (1 + Pretest odds)
Posttest odds = ab:1 = ab
PPV = alla+b) =  Posttest odds/ (1 + Post-test odds)

Because we are now simply estimating 1 variable, the post-test odds, from two others, it is
possible to construct a simple nomogram (see 4 page) which can be readily used to read off
the PPV for any given combination of prevalence and LR+ (where, for convenience and
familiarity of use, the pre-test odds is usually replaced by the corresponding pre-calculated

prevalence rate and the post-test odds is replaced by the corresponding pre-calculated PPV).



It is argued that this use of a composite of sensitivity and specificity, the LR+, makes life
simpler, and means having to know only 2 numbers in order to come to a conclusion about

the PPV".

It must be stressed that knowing the LR+ value of a test, rather than the Sensitivity and
Specificity from which it is derived, adds no new information about the test or its performance.

It is simply an alternative way of getting to the PPV.

A disadvantage of the method using LR+ is that the nomogram cannot incorporate confidence
intervals for the PPV value, since these would depend on sample size and sample size is

variable between the studies that are used to determine the parameters of the test.

Alternative homenclatures for sensitivity and specificity

The sensitivity of a screening test is the proportion of those with the disease that test positive

using that screening test. Thus the sensitivity could also be called the “true positive rate”.

The specificity of a screening test is the proportion of those who do not have a disease that

test negative. This could also be called "the true negative rate".

The proportion (1-sensitivity) is the proportion of people with the disease who test negative

using the screening test: this could also be called "the false negative rate”.

The proportion (1-specificity) is the proportion of people without the disease who test positive

using the screening test: this could also be called "the false positive rate”.

We may be more satisfied by a test that has a higher true positive rate and a lower false
positive rate. The ratio of these two rates would then be high. This ratio is what is termed the

"Likelihood ratio for a positive test result” (LR+).

The following definitions are from Sackett et al:

THE LIKELIHOOD RATIO FOR A POSITIVE TEST RESULT (LR+)

(Some authors, e.g. Fleiss® and Altman’ refer to this simply as the "Liklihood ratio")
LR+ = True positive rate/False positive rate = Sensitivity/(1-Specificity)

If a test has a high sensitivity and a high specificity, then the LR+ will be high.

THE LIKELIHOOD RATIO FOR A NEGATIVE TEST RESULT (LR-)

LR- = False negative rate/True negative rate = (1-Sensitivity)/Specificity)

4 Sackett, D.L., Straus, SE., Richardson, W.S., Rosenberg, W., Haynes, R.B., 2000. Evidence-based Medicine (2"Cl edition), page
73. Edinburgh: Churchill Livingstone.

¥ Sackett, D.L., Straus, S.E., Richardson, W.S., Rosenberg, W., Haynes, R.B., 2000. Evidence-based Medicine (2"Cl edition), page
73. Edinburgh: Churchill Livingstone.

8 Fleiss, ], Levin, B., Paik, M. C., 2003. Statistical Methods for Rates and Proportions (3ml edition), page 8. Hoboken: Wiley-
Interscience.

" Altman, D.G., 1991. Practical Statistics for Medical Research (1** edition), page 417. Boca Raton: Chapman and Hall/CRC.



A high LR- ratio will result if test Sensitivity and Specificity are both low.

Most of what is currently presented in the literature concerns the use of the LR+ to convert
pre-test odds (related to prevalence) to post-test odds (related to PPV). A large number of
nomograms, often inter-active, have been developed and are available for a variety of
diseases on the www (none found for tuberculosis so-far). Some have also been published in

journals and in textbooks.

A nomogram relating NPV to LR- and prevalence has been prepared manually and is
presented on page 5. It must be stressed that this is a manual preparation and should not be

relied upon for accurate estimations.



The following nomogram for LR+ and PPV is pasted from the www (see nomogram for the
address). Note the use of the terms "Pre-test probabilities” and "Post-test probabilities". These
are similes for Prevalence and PPV in our context.

Nomogram for converting Pre-test Probabilities to
Post-test Probabilities for a cfiagnostic test result

with a given Likeihood Ratio,
[http :/lwww.cs ffiv net/liitelihood_ra do$ asp]
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For example, if a test has LR+ of 10 and the prevalence of disease is 1% then by connecting
these two points and extending the line we reach a value of about 7% for the "Post-test
probability". This means that if 100 people test positive with this test then only 7 of them will

be found eventually to have the disease. The other 83 will be false positive results.
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ROC CURVES

The purpose of diagnostic testing, whether used in a screening context or in a definitive
diagnostic work-up, is to influence our thoughts about the probability of disease being
present. For example, if a person has been coughing for a week we might think that pTB is a
possibility, but we would have no reason to think that it is a strong possibility, since many

people might have a cough lasting 1 week and most of these would not have pTB.

We might be in possession of statistics that show that only 1% of people who have a cough
for 1 week actually have pTB. However, if we subsequently perform a sputum smear
examination and it comes back positive for AFBs then our position will change. It may be that
98% of people with sputum smears that are positive for AFBs have active pTB (the other 2%

having mycobacteria other than tuberculosis in their sputum).

The process of testing has thus changed our perceptions about the likelihood that the patient
has pTB from 1% (the pre-test probability) to 97% (the post-test probability). The previous two
fact sheets dealt with the use of either 2X2 table analysis or likelihood ratios in order to work
out the post-test probabilities for diagnostic tests. This should be straightforward for tests that
are either unequivocally positive or negative, since all those being tested can then be

classified as diseased or not on the basis of the test result.

A problem arises, however, when a particular diagnostic test may give a result on a spectrum
from one that is definitely negative to one that is definitely positive, with an overlapping in-
between. We need to set a "cut-off’ value for the test result in such a way that we would
classify all those to one side as “positive” and all those to the other side as "negative”,

otherwise we would be left with a large number of unclassified results.

The cut-off value for a positive PPD (purified protein derivative) skin test for tuberculosis
infection offers an example relevant to tuberculosis. The skin test may react subsequent to
having had a BCG vaccination in infancy, or subsequent to environmental exposure to other
cross-reacting mycobacteria. Or it might react because the person being tested has had an

actual infection with M. tuberculosis.

The diameter of the skin reaction to the PPD is usually measured in mm. If we were to set the
cut-off for those to be considered as infected with M. tuberculosis at 2mm we would probably
identify a large number of false positives (very high sensitivity and very high negative
predictive values would result). On the other hand if we were to set it at 20mm we would
undoubtedly miss a very large number of the infected subjects (very high specificity and
positive predictive values would result). The rational thing to do might be to set the cut-off
value at that level where the smallest number of classification errors will occur. The receiver

operating characteristic (ROC) curve and its analysis are used for precisely this purpose.



Consideration of the theory allows us to understand the literature but also to understand the

trade-off between the sensitivity and specificity of a test.

ROC curves and their associated analyses are frequently encountered in the literature about
diagnostic tests. The term is used to describe the process because ROC curve analysis was
first used to establish "cut-off" values to assist in the discrimination between audio signals and
noise in such a way as to commit the fewest classification errors while so—doingg. A "receiver”

(e.g. an air traffic controller) is required to operate (act) according to the classification.

Let us consider a hypothetical diagnostic test, for tuberculosis, that has a wide range of
possible numerical results. For simplicity this test has been administered to only 30 people,
16 of whom have the disease and 14 of whom do not. (Normally ROC curve analysis should
be performed on results from larger numbers of subjects). A scatter-plot of the results is

presented on page 3 as Figure 1.

Referring to Figure 1 it is seen that the 16 subjects with the disease gave results ranging from
1.2 to 2.7 units. The 14 people without the disease gave results ranging from 0.2 to 1.5 units.
There is clearly an overlapping range, from 1.2 to 1.5, where both diseased and non-diseased

subjects have similar test results.

If we set the cut-off value at point A (1.57 units) then our test will have successfully identified
all those who are disease-free as being healthy. However, it will also have incorrectly
identified 4/16 diseased subjects as being non-diseased. There will be 4 false negative

results.

If, instead, we set the cut-off value at point C (1.08 units), then the test will identify all those
who have disease as being diseased, with no false negatives. However we will now have
acquired 5 false positives! If the cut-off is set at C (1.37 units) we will have 2 false regatives
and 2 false positives. The sensitivities, specificities and predictive values that result for each

of these 3 different cut-off points are presented in the following table:

FALSE + | FALSE - SENSITIVITY SPECIFICITY PPV NPV
0 4 0.75 (12/16) 1.000 (14/14) 1.000 (12/12) | 0.778 (14/18)
2 2 0.875 (14/16) 0.857 (12/14) 0.875 (14/16) | 0.857 (12/14)
5 0 1.000 (16/16) 0.643 (9/14) 0.762 (16/21) | 1.000 (9/9)

The results in this table clearly demonstrate the trade off between adjusting the cut-off in an
attempt to achieve a higher sensitivity (lower specificity) or a higher specificity (lower
sensitivity). The “errors” of classification are the sums of the false negatives and false
positives. This process is relatively straightforward where we are dealing with such small

numbers.

& Hosmer, D.W., Lemeshow, S., 2000. Applied Logistic Regression (2" edition), page 160. New York: John Wiley and Sons.




Figure 1: Scatter-plot of hypothetical test results (14 non-diseased, 16 diseased individuals)

SCATTER-PLOT FOR TEST VALUES

DISEASE STATES

When, as is more usual, we are dealing with large numbers of test results and a more
complex overlap between those with the disease, and those without the disease, a method of
analysis has been developed that is called the "ROC curve" analysis. In this curve the
sensitivity (recall also known as the "true positive rate") is plotted against (1 -specificity) (recall
also known as the "false positive rate") for each and every possible cut-off value for the data
set. A perfect test would be one where there is a possible cut-off value (we will call it C) at
which all those who are diseased are to one side (say, above) and all those who are non-
diseased are to the other (say, below). Then there would be no false positives and no false
negatives if this cut-off (C) is used, and Sensitivity = Specificity = PPV = NPV = 1. LR+ would
= ? in such a case, and LR- would = 0.



If we were to plot sensitivity against (1-specificity) for such an ideal data set, then the
sensitivity would be 1 for all cut-off points below C, and since specificity would be 1 for all cut-
off points above C, (1-specificity) would be zero for all points above C. The resulting ROC
"curve" of sensitivity vs. (1-specificity) would thus look like this (dashed rectangular line):

Figure 2: ROC curve for a perfectly discriminating test
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In reality, however, there will be an overlap of the results for those with and without the
disease, so that the curve will look more like that in the next Figure (3):

Figure 3: ROC curve for a less-than-perfectly discriminating test
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In order to demonstrate this application, the following set of results are presented for a
hypothetical data set consisting of overlapping test results for 150 people with a certain
disease and 150 people without the disease. The data was analyzed using Stata statistical
software.



Figure 4. Scatter-plot for test results on 150 people with a certain disease and 150
without the disease



Figure 5. ROC curve for the hypothetical data set for 150 people with a certain disease
and 150 people with the disease portrayed in the scatter-plot of Figure 4

(“False positive” rate)

Obs Area Std. Err. [95% Conf. Interval]

300 0.9437 0.0135 0.91724 0.97022

Stata also provides a table of sensitivities, specificities, percentage of values that are correctly
classified, LR+ s and LR- s for each of the different cut-off points used to plot the graph (in
fact the software uses as many points as possible given the variation in the data set). A much
abridged extract of this table is presented on page 7. One can then examine this table and
identify the Point A from Figure 5 that has the lowest possible number of errors. In fact the
point A is found to correspond to a cut-off point of 1.2818 units, with a sensitivity of 0.88 a
specificity of 0.93, and with 90.33% of subjects correctly classified. The highest LR+ value,
however (40.00), was obtained for a cut-off point of 1.5092 units, at which point only 89% of
subjects would have been correctly classified. This example illustrates the point that analysis
using the likelihood ratio and ROC curves do not necessarily yield the same results. The
reason is that the LR+ method attempts to identify that cut-off point that will result in the
highest PPV. If adjusting the cut-off point (downwards in our case) results in a greater
increase in the specificity than decrease in sensitivity, then the LR+ method will identify a cut-

off point that is lower than the one that results in the fewest errors.



CUT-OFF POINT SENSITIVITY SPECIFICITY CORRECTLY LR+ LR-
CLASSIFIED

(>=1.216131687164307) 89.33% 88.00% 88.67% 7.4444 01212
(>=1.218450903892517) 88.67% 88.00% 88.33% 7.3889 0.1288
(>=1.238641738891602) 88.67% 88.67% 88.67% 7.8235 0.1278
(>=1.245455384254456) 88.67% 89.33% 89.00% 8.3125 0.1269
(>=1.261659145355225) 88.67% 90.00% 89.33% 8.8667 0.1259
(>=1.262915730476379) 88.00% 90.00% 89.00% 8.8000 0.1333
(>=1.265987992286682) 88.00% 90.67% 89.33% 9.4286 0.1324
(>=1.26666533946991) 88.00% 91.33% 89.67% 10.1538 0.1314
(>=1.278373956680298) 88.00% 92.00% 90.00% 11.0000 0.1304
(>=1.281816840171814) 88.00% 92.67% 90.33% 12.0000 0.1295
(>=1.326415300369263) 87.33% 92.67% 90.00% 11.9091 0.1367
(>=1.330667972564697) 86.67% 92.67% 89.67% 11.8182 0.1439
(>=1.339103817939758) 86.67% 93.33% 90.00% 13.0000 0.1429
(>=1.341539978981018) 86.00% 93.33% 89.67% 12.9000 0.1500
(>=1.347755193710327) 85.33% 93.33% 89.33% 12.8000 0.1571
(>=1.352781057357788) 85.33% 94.00% 89.67% 14.2222 0.1560
(>=1.360898613929749) 85.33% 94.67% 90.00% 16.0000 0.1549
(>=1.393806099891663) 84.67% 94.67% 89.67% 15.8750 0.1620
(>=1.404150485992432) 84.00% 94.67% 89.33% 15.7500 0.1690
(>=1.41346800327301) 83.33% 94.67% 89.00% 15.6250 0.1761
(>=1.421349167823792) 83.33% 95.33% 89.33% 17.8571 0.1748
(>=1.427397131919861) 82.67% 95.33% 89.00% 17.7143 0.1818
(>=1.432774662971497) 82.00% 95.33% 88.67% 17.5714 0.1888
(>=1.441804647445679) 82.00% 96.00% 89.00% 20.5000 0.1875
(>=1.442490816116333) 81.33% 96.00% 88.67% 20.3333 0.1944
(>=1.444351315498352) 81.33% 96.67% 89.00% 24.4000 0.1931
(>=1.44958758354187) 80.67% 96.67% 88.67% 24.2000 0.2000
(>=1.475230932235718) 80.67% 97.33% 89.00% 30.2500 0.1986
(>=1.481273531913757) 80.00% 97.33% 88.67% 30.0000 0.2055
(>= 1.509162664413452) 80.00% 98.00% 89.00% 40.0000 0.2041
(>=1.516967535018921) 79.33% 98.00% 88.67% 39.6667 0.2109
(>=1.524313926696777) 78.67% 98.00% 88.33% 39.3333 0.2177
(>=1.538057327270508) 78.00% 98.00% 88.00% 39.0000 0.2245
(>=1.5437053442001 34) 77.33% 98.00% 87.67% 38.6667 0.2313
(>=1.548669815063477) 76.67% 98.00% 87.33% 38.3333 0.2381

This ROC curve analysis has identified the relevant point where the classification errors are at
a minimum. Recall however that the classification errors are the sum of false negatives and
false positives, and in this analysis these are all bundled together. In a screening programme
we may be less concerned about false positive results than about false negatives. The false
positives will be identified in the next round of definitive diagnostic testing, whereas the false
negatives will have slipped through the net. From a screening perspective, therefore, it is still
a good idea to consider all the evidence available before reaching a decision about the best
policy to follow.



APPENDIX 3

Quality check-list for economic evaluation studies

CHECK LIST FOR ASSESSING ECONOMIC EVALUATION STUDIES

Yes No
1 Was a well-defined question posted in answerable form?
1.1 Did study examine both cost and effects of programs?
1.2 Did study involve a comparison of alternatives?
1.3 Was view point and context for the analysis stated
2 Was a comprehensive description of competing alternatives given?
2.1 Where any important alternatives omitted?
2.2 | Was (should) a do-nothing alternative considered?
3 Is there evidence of the program’s effectiveness?
3.1 Is it from randomised trials, meta-analysis or expert opinion?
4 Were all relevant costs and consequences for each alternative identified?
41 Was the range wide enough for the research question?
4.2 Were capital costs and operating costs included?
5 Were consequences measured correctly in appropriate physical units?
o Were costs and consequences valued credibly?
6.1 Were sources of values clearly identified?
6.2 | Were market values employed?
li Were costs and consequences adjusted for differential timing?
7.1 Was there discounting to present value”?
7.2 | Is there a justification for the discount rate used?
8 Was an incremental analysis performed of the costs/consequences of alternatives?
9, Was a sensitivity analysis performed?
10. Did the presentation and discussion of study results include all issues of concern?
10.1 | Were study results sensitive to changes to key assumptions?
10.1 | Were the results compared to previous research?
10.2 | Did the study discuss generalisability to other settings?
10.3 | Did it discuss issues of ethics, equity and feasibility”?

Reference:

Adapted by Dr Seloacoe Thooe from: Drummond, M.F., Stoddart, G.L., Torrance,
G.W., 1996. Methods for the Fconomic Evaluation of Health Care Programmes.

London: Oxford University Press.




APPENDIX 4

Screening results for diagnostic tests — unpublished data kindly supplied by Dr Karin Weyer

from the South African Medical Research Council.

anda-TB GA test (anda Biologicals)

Test principle

Blood gelification time in the presence of aldehyde (eg. glutaraldehyde) due to
increases in fibrinogen and/or polyclonal gamma- globulins. Blood from TB
patients should have shorter (<10 min) gelification time than blood from non-TB
patients (> 12 min)

74 cases with confirmed (sputum smear-positive) pulmonary TB, 14 HIV positive
21 cured TB cases (initially sputum smear-positive, 6- months treatment
completed)

20 cases with other illnesses (eg. malignancies), TB excluded

Results (based on low numbers, interpret with caution)

Sensitivity: 97.1%
Specificity: 68.8%
Positive Predictive Value: 85.7%
Negative Predictive Value: 71.4%

Test not affected by HIV (p=0.624)
Test still positive in 76.2% of cured TB patients
High false-positive rates (55%) in patients with malignancies

2. Mycodot (DynaGen)
Test principle
Detection of anti mycobacterial serum antibodies through lipoarabinomannan

(LAM) antigen bound to plastic combs

118 culture-confirmed TB patients, 24 HIV-positive
182 healthy controls, TB excluded

Results

Sensitivity: 45.8%
Specificity: 82.9%
Positive predictive value: 63.5%
Negative predictive value: 70.2%

Sensitivity reduced to 29.5% in HIV-positive specimens



3. Latex agglutination test (Murex Diagnostics)

Test principle
Latex-coupled IgG antibodies resulting in agglutination of blood from TB patients

71 confirmed TB patients (sputum microscopy positive)
88 confirmed TB patients (sputum culture positive)
177 negative controls, TB excluded

Results
Smear as reference  Culture as reference
Sensitivity 73.2% 56.8%
Specificity 83.9% 81.9%
Positive predictive value 61.2% 61.0%
Negative predictive value 90.1% 79.2%

4. Immuzyme-TB (Omega Diagnostics)

Test principle
Enzyme-immunoassay to detect [gG antibodies to M. tuberculosis in blood

A. 75 culture-confirmed TB patients

B. 75 culture-confirmed patients on at least 2 months of TB treatment
C. 75 culture confirmed patients who have completed TB treatment
D. 75 healthy negative controls, TB excluded

Results (group A only)

Sensitivity: 73.4%
Specificity: 83.2%
Positive predictive value: 68.3%
Negative predictive value: 81.2%

5. Kreatech TB kit (Kreatech Diagnostics)

Test principle
Assay based on IgA antibody titers to mycobacterial Kp-90 immuno cross-
reactive antigenic compound

A. 75 culture-confirmed TB patients

B. 75 culture-confirmed patients on at least 2 months of TB treatment
C. 75 culture confirmed patients who have completed TB treatment
D. 75 healthy negative controls, TB excluded

Results (group A only)

Sensitivity: 78.1%
Specificity: 85.2%
Positive predictive value: 74.9%
Negative predictive value: 81.2%



