
lymphoid follicles [7]. Furthermore, the significantly higher
pulmonary Treg cell numbers in air- and CS-exposed CCR7-/-

mice correlated with a stronger abundance of lymphoid
follicles, compared with WT animals (fig. 1b and [7]). In
contrast, baseline and chronic CS-induced Treg cell accumula-
tion were severely compromised in lymph nodes of CCR7-/-

mice compared to WT controls (fig. 1c).

Our study provides evidence that CS exposure induces
increased Treg cell numbers, first in the lung and secondly in
the lymph node compartment. Whereas CCR7 is crucial for the
homing of Treg cells to the lymph nodes, it is ultimately not
required for the chronic CS-induced accumulation of these
cells in the lung. However, we can not differentiate whether
the observed CS-induced Treg increase results from the
recruitment of natural Treg cells as opposed to the local
induction of Treg cells from precursors. The methylation status
of the FOXP3 promoter is generally considered to discriminate
between natural and induced Treg cells.

Further translational research is needed to elucidate the
functional role of lymphoid follicles and Treg cells in the
pathogenesis of COPD, for instance by determining the
contribution of natural committed Treg cells versus induced
Treg cells in pulmonary lymphoid follicles and lymph nodes.
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Diagnostic accuracy of digital chest radiography for

pulmonary tuberculosis in a UK urban population
To the Editors:

Population screening for tuberculosis was discontinued in
most Western countries, largely due to the decreasing preva-
lence of the disease. The use of chest radiograph examination
for population screening has, therefore, appropriately declined
and is now limited to the screening of high-risk groups, such as
immigrants [1], prisoners or homeless persons in certain
countries [2] and for disease prevalence surveys [3]. Chest
radiography, however, remains a key tool for the clinical
diagnosis of pulmonary tuberculosis. Previous studies suggest
that chest radiograph abnormalities in tuberculosis are not
specific and levels of intra- and inter-reader agreement are
very variable [4–6]. Modern digital tuberculosis screening has
been noted to have high levels of sensitivity where chest
radiograph examination is standardised, quality assured and a
simple coding system is used [7–9]. Levels of reader agreement
are also reported to be higher among experienced readers [10].

In many low incidence countries, tuberculosis is concentrating
in specific urban populations, such as homeless persons and

drug users, with high prevalence rates reported [2, 11]. In the
UK, this may be contributing to the general rise in tuberculosis
[12]. Using a sample of digital chest radiographs from a hard to
reach population at high risk of tuberculosis in London, we
assessed some of the factors associated with greater diagnostic
accuracy and determined levels of agreement between readers.

The study was carried out in London (UK), Amsterdam and
Rotterdam (the Netherlands) between July and October 2008.
Of 20 physicians invited, 13 participated: three radiologists, six
respiratory physicians and one infectious disease physician
from London and three public health tuberculosis physicians
from Amsterdam and Rotterdam. 56 randomly selected chest
radiographs were chosen: 18 confirmed cases of tuberculosis,
19 other abnormalities and 19 normal films from a screening
programme which targeted homeless persons, problem drug
users and prisoners. All cases had culture confirmed disease
and eight were sputum smear positive. Study participants
reviewed images using a DICOM (digital imaging and
communications in medicine) viewer in a darkened room
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during a single viewing session, independently from each
other. Participants were allowed 2 min to read each film and
1 min to complete a standard pro forma [13]. Blind to the true
diagnosis, readers categorised chest radiograph findings on
each film as normal, abnormal or other. If abnormal, informa-
tion was requested on whether the findings were suggestive of
active tuberculosis or inactive tuberculosis [13]. We also
collected information from participants on the number of
years of experience, speciality, annual number of tuberculosis
cases notified and chest radioghraphs read in the previous
year.

As culture confirmation was available on all chest radiographs
included as having tuberculosis, we used this as the gold
standard to calculate diagnostic odds ratios overall and by
speciality. To assess the effect of the characteristics of readers,
the logarithm of the diagnostic odds ratio for each participant
was regressed against reader characteristics to determine its
effect. The estimates were then anti-logged to give fold effects
of the reader characteristics, including speciality type, number
of years of experience, number of notifications and country of
practice, on the diagnostic odds ratios.

To investigate the effect of patient characteristics on diagnostic
accuracy with culture confirmation as a gold standard, we
undertook sample level analysis where each film is a unit of
observation. The number of readers who correctly diagnosed
each film was determined and compared by the patient’s age
group, sex and sputum smear positive status using the
Kruskal–Wallis test.

We used the kappa statistic (two outcomes, multiple readers)
with 95% confidence intervals to assess inter-reader agreement
among the participants.

The 13 readers assessed a median (range) of 52 (10–450)
notified cases per year and had a median speciality experience
of 15 (8–29) yrs. The median (interquartile range) age of the
population from whom chest radiographs were sampled was
41 (29–49) yrs and 82% (46) were male.

The mean diagnostic odds ratio for all participants for correctly
identifying a patient with culture confirmed tuberculosis was
17.1 (95% CI 12.3–23.6). Based on an overall sensitivity of 77%
and specificity of 95%, 497 individuals without tuberculosis
will be referred compared to 61 correctly diagnosed cases of
tuberculosis among 10,024 homeless persons in London. The
mean diagnostic accuracy was high for physicians (16.8, 95%
CI 10.7–26.2) and radiologists (17.7, 95% CI 8.0–39.3). Figure 1
shows the receiver operating characteristic curve by speciality.
However, the diagnostic accuracy did not differ significantly
by speciality or country (p.0.05). More years in a speciality
was associated with a 1.23 (95% CI 1.02–1.48) fold increase in
diagnostic odds ratio per 10 yrs of identifying cases of
tuberculosis (p50.033) (table 1). Similarly, participants with
greater number of notifications per year were more likely to
correctly identify tuberculosis cases (OR 3.07, 95% CI 1.08–8.69
per 1000 notifications, p50.037).

Participants were more likely to get the correct diagnosis
when the individuals screened were younger (median number
of correct diagnoses 13 versus 12; p50.024) or had sputum
smear positive disease (median number of correct diagnoses

13 versus six; p50.028). There was no difference by sex
(p50.677).

The overall level of agreement for diagnosing active tubercu-
losis was good, with a kappa value of 0.61 (95% CI 0.48–0.73)
and slightly higher between physicians (0.64) compared to
radiologists (0.54). In contrast, radiologists were significantly
more likely to agree on a normal chest radiograph with a very
good level of agreement of 0.84 (95% CI 0.68–0.95) when
compared to physicians (kappa 0.46, 95% CI 0.32–0.55). The
overall level of agreement was good for identifying the
presence of infiltrates, consolidation or pleural effusion and
moderate for the identification of cavities (table 2).
Radiologists were very good at identifying cavities and pleural
effusions, with kappa values found to be 0.70 and 1
respectively.

In contrast to previous reports, the number of chest radio-
graphs examined per year leading to an improved diagnostic
accuracy was lower than the 20,000 films previously reported
[14]. Physicians were particularly good at diagnosing tubercu-
losis, while radiologists were very good at detecting a normal
chest radiograph.
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FIGURE 1. Receiver operating characteristic curve comparing diagnostic

accuracy for tuberculosis by speciality. &: radiologists; $: physicians.

TABLE 1 Association of diagnostic accuracy with
characteristics of readers (n513)

Characteristic of reader Fold effect on diagnostic

OR (95% CI)

p-value

Speciality type

Radiologists 1.0 (baseline)

Physicians 0.96 (0.71–1.35) 0.871

Years in speciality

Per 10 yrs in speciality 1.23 (1.02–1.48) 0.033

Number of notifications

Per 1000 notifications 3.07 (1.08–8.69) 0.037

Country

UK 1.0 (baseline)

The Netherlands 1.10 (0.78–1.56) 0.552
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Similarly high levels of inter-reader agreement have been
reported from Switzerland among experienced readers [10]
and from South Africa, where a standardised method for
reading and reporting was used [8]. In contrast, a Russian
study [4] reported fair to moderate agreement between 101
clinicians using a non-diagnostic standard viewing platform,
although levels of agreement were still higher among more
experienced physicians.

Chest radiography will only be useful as a tool for tuberculosis
screening if it has high diagnostic accuracy when applied to a
high prevalence population. In contrast to older studies using
conventional radiography for mass population screening [15],
we found the diagnostic accuracy of digital radiography in this
population to be high, which is consistent with more recent
reports [7]. Previous estimates, for example homeless persons
(prevalence 788 per 100,000), problem drug users (354 per
100,000) and prisoners (208 per 100,000), suggest these groups
may be suitable for screening [2]. Using diagnostic accuracy
data from this study and published prevalence of tuberculosis
among homeless persons [2], we estimate the positive
predictive value of chest radiograph screening to be 11% in
this population.

Not surprisingly, previous studies suggest that chest radio-
graph screening of immigrants from high tuberculosis burden
countries is not clinically or cost effective [16]. The prevalence
of tuberculosis in immigrants depends on their country of
origin. It is also difficult to distinguish some cases of active
from inactive tuberculosis based on a single radiological film.
In contrast, the use of chest radiograph screening among
groups with very high incidence of tuberculosis in metropo-
litan areas aids the identification of pulmonary disease,
therefore contributing to halting transmission. A recent
Dutch study using DNA fingerprinting demonstrated that
mobile digital radiography contributed to a reduction in
tuberculosis transmission among groups such as homeless
persons and drug users [11]. Furthermore, alternative inter-
ventions, such as preventive treatment of latent tuberculosis
infection, can be challenging in groups such as prisoners and
homeless persons [17].

Only 13 readers participated and 56 films were used, possibly
limiting our ability to detect significant variation. The number

of films is, however, comparable to the Russian study [4] and
more readers participated than in other similar studies [8, 10].
Our study did not include an intra-reader agreement compo-
nent. Reports from previous studies suggest moderate [4] to
high levels of intra-reader agreement [10].

An often cited concern regarding the feasibility of screening is
the excess activity generated from evaluating a large number
of individuals suspected of, but without, tuberculosis [4].
Based on the diagnostic accuracy found in this study applied
to a population of homeless persons in London, a modest
number of false-positive cases will be referred and over 60
cases of pulmonary tuberculosis identified. Some of the false-
positive cases may have old tuberculosis scars and will have
the diagnosis excluded using bacterial culture, clinical and
laboratory evaluation. Digital radiographs are easy to transmit
electronically and use a lower dose of radiation.

Our findings suggest that highly trained readers may be able to
improve the detection of tuberculosis in high-prevalence, hard-
to-reach, population groups. Digital chest radiographic screen-
ing of these groups may, therefore, be an important component
of a holistic approach to the control of tuberculosis, which
includes rapid detection and confirmation of infectious cases,
and supportive measures to ensure treatment completion.
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TABLE 2 Overall levels of agreement and levels of agreement for physicians and radiologists for the detection of abnormalities
on chest radiograph

Kappa (95% CI)

Overall Physicians Radiologists

Active tuberculosis 0.61 (0.48–0.73) 0.64 (0.51–0.78) 0.54 (0.36–0.75)

Normal 0.52 (0.44–0.62) 0.46 (0.32–0.55) 0.84 (0.68–0.95)

Infiltrate or consolidation 0.59 (0.42–0.78) 0.61 (0.49–0.76) 0.42 (0.19–0.70)

Cavity 0.55 (0.30–0.77) 0.50 (0.15–0.71) 0.70 (0.38–0.87)

Nodule with poor margin 0.21 (0.13–0.29) 0.14 (0.05–0,24) 0.43 (0.10–0.64)

Pleural effusion 0.67 (0–0.84) 0.60 (0.23–0.89) 1

Hilar or mediastinal adenopathy 0.32 (0.01–0.58) 0.34 (0–0.62) 0.31 (0–0.49)
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Importance of identifying Mycobacterium bovis as a

causative agent of human tuberculosis
To the Editors:

The case study described hereafter emphasises the potentially
vital importance of Mycobacterium bovis identification for
appropriate tuberculosis patient management.

M. bovis, the classical causative agent of bovine tuberculosis,
can be responsible for human TB, which makes this bacterium
an important zoonotic species. In developed countries, the
introduction of pasteurisation, preventing contamination from
milk of infected cows, and eradication programmes for
infected herds have considerably reduced the prevalence of
human disease due to the bovine TB bacillus, but have not
completely eradicated it [1–3]. Nevertheless, in many devel-
oped countries, the possibility of TB due to M. bovis infection,
instead of Mycobacterium tuberculosis, is considered unlikely or
even disregarded by microbiologists and clinicians.

Distinction of M. bovis from M. tuberculosis has significant
relevance to patient management. In contrast to the other
members of the M. tuberculosis complex, M. bovis is intrinsically
resistant to pyrazinamide [4]. Beyond its use for specific M.
bovis identification, this natural resistance is particularly
important to consider. Pyrazinamide is usually given in the
classical first-line TB treatment, as it is an effective sterilising

drug that helps to shorten TB therapy due to its synergistic

effect with rifampicin [5]. Thus, in case of M. bovis infection,
pyrazinamide would be ineffective if implemented in a
patient’s anti-TB regimen. Unfortunately, results of in vitro

susceptibility assays to pyrazinamide by conventional methods
are not systematically correlated to in vivo activity. Suscep-

tibility is, therefore, not often routinely assayed in laboratories.
In addition, TB due to M. bovis is clinically, radiologically and
microscopically indistinguishable from disease caused by M.

tuberculosis. After culture on solid media, M. bovis displays
specific characteristics like dysgonic colonies, and negative
biochemical test results for nitrate reduction and niacin

accumulation. However, clinical laboratories are increasingly
using automated liquid culture systems followed by molecular

tests for faster isolation and identification. Classical biochem-
ical tests to identify M. bovis are not applicable using such
liquid media, and most classical molecular identification

methods based on targets like IS6110, 16S rDNA, 23S rDNA
or ITS, do not distinguish between M. bovis and the other
members of the M. tuberculosis complex. Other genetic markers

[6] and the single commercial test (GenoType Mycobacterium,
Hain, Nehren, Germany) allowing distinction between M.

tuberculosis complex members are not widely used.

692 VOLUME 35 NUMBER 3 EUROPEAN RESPIRATORY JOURNAL




