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Risk factors for the misdiagnosis of
tuberculosis in the UK, 2001-2011

To the Editor:

In the past 20 years, following several decades of decline, the number of tuberculosis (TB) cases in the UK
has increased. The characteristics of TB cases have changed, from a disease that was predominantly
pulmonary and widespread in the population [1], to one that is concentrated in major urban areas affecting
immigrants, the homeless, prisoners and drug users [2], with a high proportion of extrapulmonary disease
[3]. The signs and symptoms of TB are shared with many other diseases. Therefore, knowledge of the
epidemiology of TB and current associated risk factors is essential in informing a diagnosis [4].

In this analysis, the demographic characteristics of misdiagnosed cases (those notified and subsequently
denotified) were compared with those correctly diagnosed at the outset. Knowledge of these details may
inform improved clinical management of patients presenting with symptoms from the differential
diagnosis in which TB and other diseases are included.

The Public Health England Enhanced Tuberculosis Surveillance (ETS) System collects demographic and
clinical data on TB cases in England, Wales and Northern Ireland. The definition of TB used by ETS is
based either on a positive culture of Mycobacterium tuberculosis complex in a clinically ill patient or on
clinical and/or radiological signs and/or symptoms compatible with TB, together with a clinician’s decision
to treat the patient with a full course of anti-tuberculosis therapy. Cases may subsequently be denotified if
found not to be TB on further investigation. Follow-up information on treatment outcome is requested
12 months after commencement and includes a prompt for denotification of the case if appropriate.

All cases notified between 2001 and 2011 were included in the analysis. Cases were identified as “true” TB
cases (any TB case reported to ETS that was not subsequently denotified or reported as not having had TB
at the 12-month treatment outcome follow-up), or “misdiagnosed” cases (any case that was subsequently
denotified or reported as not having had TB at the 12-month treatment outcome follow-up).

Data were analysed using Stata V.13.1 (StataCorp, College Station, TX, USA). Risk factors included in the
analyses were: sex, age group, location, ethnicity, place of birth (UK- or non-UK-born), site of disease,
history of TB and time from entry to the UK until TB diagnosis. Logistic regression was used to obtain odds
ratios, and variables associated with the outcome at p<0.05 in the univariable analysis were considered for
multivariable analysis in a forward stepwise fashion, starting with the ones most strongly associated with the
outcome. The category with the lowest risk of misdiagnosis was used as the baseline. Statistical significance
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of main effects was assessed by means of likelihood ratio test with p-values of <0.05 deemed significant.
Possible interactions and plausibility were considered, with stratified results reported as appropriate.

The total number of cases reported between 2001 and 2011 was 92976. Of these, 10053 (10.81%) were
subsequently identified as misdiagnosed; 9745 were proactively denotified and 308 were reported as not
having had TB at the 12-month treatment outcome follow up. The number of misdiagnosed cases
increased significantly between 2001 and 2011 (p<0.001).

In the fully adjusted model, for all variables, except sex, there was strong evidence of an association with
misdiagnosis (table 1). Using the Indian ethnic group as the baseline, the white ethnic group had 2.15
times (95% CI 1.91-2.43) the odds of misdiagnosis, with increased odds also observed in the black African
(OR 1.31, 95% CI 1.17-1.47), Bangladeshi (OR 1.55, 95% CI 1.29-1.86) and other ethnic groups (OR 1.48,
95% CI 1.32-1.66).

There was strong evidence of an interaction between age group and site of disease (likelihood ratio test
p<0.0001). Among pulmonary cases, the risk of misdiagnosis was higher in older adults compared to
young adults. Those aged 45-64 years with pulmonary disease had higher odds of misdiagnosis compared
to those aged 15-44 years, irrespective of their sputum smear status (positive: OR 2.70, 95% CI 2.21-3.30;
negative or unknown: OR 1.41, 95% CI 1.18-1.67).

Those aged 65 years and over remained at increased risk of misdiagnosis for both pulmonary and
extrapulmonary sites of disease, but the effect was greater for pulmonary disease and positive sputum
smear status (OR 3.7, 95% CI 2.99-4.51, and OR 1.46, 95% CI 1.27-1.68, respectively, with p<0.0001). The
highest risk of misdiagnosis of extrapulmonary TB was in children, who were twice as likely to be
misdiagnosed than young adults (OR 2.18, 95% CI 1.84-2.61).

There was no statistical evidence of interaction between ethnicity and place of birth/time since UK entry to
TB diagnosis and between the latter and site of disease/sputum smear status.

Our findings show that TB misdiagnosis was most likely in those born in the UK, aged 45 years and over,
of white ethnicity and with sputum smear positive pulmonary disease.

These findings are consistent with the observation that the incidence of TB is particularly high among
people born in countries with a high TB burden, from ethnic minority groups and in patients aged
15-44 years. The reduction in TB incidence over the past century has inevitably decreased the opportunity
for clinicians in low incidence areas to gain experience and knowledge of the common presentations of TB
and its changing epidemiology. This in turn may have resulted in misplaced suspicion and hence
misdiagnosis. In low incidence settings, there is a clinical conundrum as many patients with symptoms of
TB may not have the disease; at the same time, ignoring warning signs even in a low risk person can result
in delayed diagnosis and potential outbreaks.

Misdiagnosis of TB is problematic both for individuals and for the wider community. For patients, the
impact of misdiagnosis would include not being treated for the condition or infection they actually have,
and also in the meantime undergoing prolonged anti-tuberculosis therapy, with its known potential
adverse effects, some of which can be serious. Such wrongly diagnosed individuals may also find
themselves subject to the stigma that still sometimes comes with TB diagnosis. For the wider community,
there are the financial costs of unnecessary contact tracing and investigation as well as inappropriate
prophylaxis. There may also be the psychological costs of anxiety amongst people who believe themselves
exposed to infection. Where the true diagnosis is infectious to others, the undiagnosed infection may
spread while the focus is erroneously on TB.

A limitation of this study is the regional variation in denotification due to differences in clinical practice
and data collection systems. This would reduce the number of cases with the outcome of interest, but it is
unlikely that these cases would have different characteristics than those that were included in this analysis.
A further limitation is the lack of detailed clinical information to determine the appropriateness of
diagnosis in each of these, and furthermore we do not have data on the certainty of the diagnosis in those
who were successfully treated without bacteriological confirmation. Atypical mycobacterial infection
accounted for 7.2% of all the misdiagnosis cases in the study period. This study also does not consider
misdiagnosis where a true diagnosis of TB is missed. New, rapid and accurate tests for the diagnosis of TB
are warranted to help clinicians make a prompt and appropriate judgement.

The inclusion of TB in the differential diagnosis of patients with signs and symptoms suggestive of TB is
absolutely essential. This analysis aims to inform clinicians of the characteristics of patients who are
ultimately denotified so as to encourage prompt and appropriate investigations are made in this group to
attempt to rule in TB or to make a definitive alternative diagnosis.
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TABLE 1 Descriptive, univariable and multivariable analysis of the numbers of initially reported tuberculosis (TB) cases subsequently misdiagnosed, in England,
Wales and Northern Ireland, 2001-2011, and association between age group and the misdiagnosis of TB, stratified by site of disease/sputum-smear status

Variable Misdiagnosed  Unadjusted 95% CI p-value Adjusted 95% CI p-value Pulmonary/SS+ Pulmonary/SS— Extrapulmonary
n (%) OR OR or unknown
OR 95% CI p-value OR 95% CI p-value OR 95% CI p-value
Overall 10053 (10.81)
Sex 0.1 0.05
Male 5594 (10.41) 1.04 0.99-1.08 0.94 0.89-0.99
Female 4367 (10.77) Ref. Ref.
Age group <0.0001 <0.0001
0-14 years 995 (18.02) 3.10 2.89-3.36 2.12 1.77-2.54 0.25 0.10-0.62 0.003 0.3 0.22-0.38 <0.001 2.18 1.84-2.61 <0.001
15-44 years 3591 (6.59) Ref. Ref. Ref. Ref. Ref.
45-64 years 2479 (13.13) 214 2.03-2.26 1.16 1.01-1.34 270 2.21-3.30 <0.001 1.41 1.18-1.67 <0.001 132 1.17-1.50  <0.001
>65 years 2980 (19.48) 3.43 3.35-3.61 1.31 1.13-1.53 3.70  2.99-4.51 <0.001 1.55 1.29-1.85 <0.001 1.46 1.27-1.68 <0.001
Region <0.0001 <0.0001
East Midlands 872 (13.57) 2.01 1.85-2.19 1.44 1.28-1.61
East of England 599 (11.55) 1.67 1.52-1.83 1.19 1.05-1.34
London 2775 (7.25) Ref. Ref.
North East 155 (8.32) 1.16 0.98-1.37 0.63 0.51-0.77
North West 737 (8.66) 1.21 1.11-1.32 0.89 0.80-0.99
South East 1383 (16.45) 2.52 2.35-2.70 1.58 1.43-1.74
South West 394 (12.06) 1.75 1.57-1.96 0.89 0.76-1.03
West Midlands 1998 (16.81) 2.58 2.43-2.75 1.23 1.11-1.35
Yorkshire and the 754 (10.23) 1.46 1.26-1.55 0.92 0.82-1.03
Humber
Northern Ireland 98 (11.98) 1.74 1.40-2.16 0.45 0.36-0.57
Wales 288 (12.97) 1.91 1.67-2.17 0.70 0.55-0.90
Ethnic group <0.0001 <0.0001
White 4313 (19.37) 3.81 3.55-4.08 2.15 1.91-2.43
Black African 1188 (6.22) 1.05 0.96-1.14 1.31 1.17-1.47
Indian 1124 (5.93) Ref. Ref.
Pakistani 943 (7.09) 1.21 1.11-1.32 0.90 0.79-1.02
Bangladeshi 255 (8.11) 1.40 1.21-1.61 1.55 1.29-1.86
Other 1007 (7.89) 1.36 1.24-1.48 1.48 1.32-1.66
Place of birth/time since <0.0001 <0.0001
UK entry to TB
diagnosis
UK-born 4503 (17.31) 4.09 3.83-4.37 21 1.88-2.39
Non-UK-born, entered 1226 (4.87) Ref. Ref.
<5 years before
diagnosis
Non-UK-born, entered 1747 (6.99) 1.47 1.36-1.58 1.46 1.33-1.61
>5 years before
diagnosis
Site of disease/sputum- <0.0001 <0.0001
smear status
Pulmonary/SS+ 1980 (10.52) 1.62 1.52-1.72 1.45 1.31-1.61
Pulmonary/SS— or 4418 (12.71) 2.00 1.90-2.11 0.74 0.64-0.84
unknown
Extrapulmonary 2666 (6.78) Ref. Ref.
Previous TB <0.0001 <0.0001
Yes 832 (12.67) 1.44 1.33-1.56 1.18 1.08-1.29
No 6402 (9.14) Ref. Ref.

SS+: sputum smear positive; SS—: sputum smear negative.
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In doing so, findings from this study contribute important information for clinical and public health
action to improve TB control in the UK and in other low incidence countries with a comparable TB
epidemiology moving towards the elimination phase [5, 6]. As the epidemic in many low incidence
countries changes from one affecting particular risk groups, misdiagnosis will become an increasingly
important issue. Further progress towards the ambitious goals of the End TB Strategy and the elimination
of TB [7] will also require more effective TB prevention among vulnerable and TB high-risk groups [8],
and addressing the social and structural determinants of TB [9].

@ERSpublications
The changing epidemiology of TB in low incidence settings has implications for TB diagnosis
and therefore elimination http://ow.ly/KN6Vq

Debora Pedrazzoli'?, Ibrahim Abubakar®>, Helena Potts*, Paul R. Hunter®, Michelle E. Kruijshaars, Onn Min Kon®
and Jo Southern'

"TB Modelling Group, TB Centre and CMMID, Faculty of Epidemiology and Population Health, London School of
Hygiene and Tropical Medicine, London, UK. *TB Section, Centre for Infectious Disease Surveillance and Control,
Public Health England, London, UK. 3Centre for Infectious Disease Epidemiology, Research Department of Infection
and Population Health, University College London, London, UK. *Norwich Medical School, University of East Anglia,
Norwich, UK. *Centre for Lysosomal and Metabolic Diseases, Sophia Children’s Hospital, Erasmus MC University
Medical Centre, Rotterdam, The Netherlands. °Chest and Allergy Clinic, St Mary’s Hospital, Imperial College
Healthcare NHS Trust, London, UK.

Correspondence: Debora Pedrazzoli, Faculty of Epidemiology and Population Health, London School of Hygiene and
Tropical Medicine, Keppel Street, London, WCI1E 7HT, UK. E-mail: debora.pedrazzoli@lshtm.ac.uk

Received: Nov 21 2014 | Accepted after revision: March 08 2015 | First published online: April 16 2015

Conflict of interest: None declared.

References

1 Abubakar I, Lipman M, Anderson C, et al. Tuberculosis in the UK - time to regain control. BMJ 2011; 343: d4281.

2 Story A, Murad S, Roberts W, et al. Tuberculosis in London: the importance of homelessness, problem drug use
and prison. Thorax 2007; 62: 667-671.

3 Kruijshaar M, Abubakar I. Increase in extra-pulmonary tuberculosis in England and Wales 1999-2006. Thorax
2009; 64: 1090-1095.

4 Davies PDO, Pai M. The diagnosis and misdiagnosis of tuberculosis. Int ] Tuberc Lung Dis 2008; 12: 1226-1234.

5 Lonnroth K, Migliori GB, Abubakar I, et al. Towards tuberculosis elimination: an action framework for
low-incidence countries. Eur Respir ] 2015; 45: 928—952.

6 D’Ambrosio L, Dara M, Tadolini M, et al. Tuberculosis elimination: theory and practice in Europe. Eur Respir |
2014; 43: 1410-1420.

7  World Health Organization. The End TB Strategy. Global Strategy and Targets for Tuberculosis Prevention, Care
and Control after 2015. Geneva, World Health Organization, 2015. www.who.int/tb/post2015_TBstrategy.pdf?ua=1

8 Diel R, Loddenkemper R, Zellweger JP, et al. European Forum for TB Innovation. Old ideas to innovate
tuberculosis control: preventive treatment to achieve elimination. Eur Respir ] 2013; 42: 785-801.

9  Reeves A, Basu S, McKee M, et al. Social protection and tuberculosis control in 21 European countries, 1995-2012:
a cross-national statistical modelling analysis. Lancet Infect Dis 2014; 14: 1105-1112.

Eur Respir J 2015; 46: 564-567 | DOI: 10.1183/09031936.00227914 | Copyright ©ERS 2015

Fluoroquinolone use delays tuberculosis
treatment despite immediate
mycobacteriology study

To the Editor:

Despite its excellent activity against Mycobacterium tuberculosis [1], empirical fluoroquinolone (FQ)
therapy has been associated with delayed initiation of appropriate treatment [2-4] and acquired resistance
[5, 6] in tuberculosis (TB) patients presenting as community-acquired pneumonia (CAP). A previous
study conducted in intensive care unit revealed immediate mycobacteriology study may possibly prevent
the delay in anti-TB treatment [7]. However, this hypothesis has not been confirmed.
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