
Disconnect between sputum neutrophils
and other measures of airway
inflammation in asthma

To the Editor:

Asthma heterogeneity has been described by the nature and intensity of granulocytic infiltration into the

airways [1, 2]. Sputum, endobronchial biopsies and bronchoalveolar lavage (BAL) sample different

anatomical regions of the airways. Few studies have directly compared the inflammatory cell infiltrates in

these regions within a large cohort of moderate–severe asthma patients using standard techniques.

In the BOBCAT (Bronchoscopic exploratory research study Of Biomarkers in Corticosteroid-refractory

AsThma) study, we sampled multiple airway compartments concurrently, enabling us to evaluate

relationships between granulocytic infiltrates within and between compartments in a large cohort of

moderate–severe adult asthma patients. This prospective multicentre observational study was conducted in

four visits over a 4–6 week period, as described previously [3].

The patients included had moderate–severe persistent asthma (forced expiratory volume in 1 s (FEV1)

40–80% predicted and Asthma Control Questionnaire (ACQ) [4] score .1.5) and, within the past 5 years,

evidence of .12% post-bronchodilator reversibility or a provocative concentration of methacholine causing

a 20% decline in FEV1 f8 mg?mL-1 despite high-dose inhaled corticosteroid (ICS) (o1000 mg?day-1

fluticasone propionate equivalent) with or without long-acting b2-adrenergic agonist therapy. Key exclusion

criteria included initiation or increase in systemic steroid use 30 days prior to screening, chronic or recent

(within the past 30 days) use of immunosuppressive therapies, or other active lung disease. Patients had a

prior established diagnosis of moderate–severe asthma for o6 months prior to screening while receiving a

stable dose regimen (.6 weeks) of a high-dose ICS. Allowed concomitant medications included leukotriene

receptor antagonists and oral corticosteroids.

78 patients with confirmed moderate–severe asthma were enrolled at 18 sites; 67 (86%) completed the

study. All patients had persistently impaired lung function and uncontrolled symptoms despite high-dose

ICS treatment of o1000 mg?day-1 fluticasone propionate equivalent. 11 (14%) patients did not complete

the study, due to an adverse event (n51), physician’s decision (n55), subject’s decision (n53) or the

sponsor’s decision (n52). One patient experienced increased bronchospasm following bronchoscopy,

requiring additional observation and oral corticosteroid treatment prior to being discharged home from the

final study visit.

We enumerated sputum, tissue and BAL eosinophils and neutrophils using standard techniques as

described previously [5, 6]. Both granulocyte types spanned broad ranges and had a unimodal distribution

in each compartment (fig. 1). The majority of nonsquamous cells in sputum from most subjects were

neutrophils, while a much smaller percentage of sputum cells were eosinophils. The majority of BAL cells

were macrophages (data not shown), with eosinophils and neutrophils comprising ,10% of total BAL cells

in most cases.

Within each compartment, eosinophils and neutrophils were significantly intercorrelated. However, these

correlations were positive in biopsy tissue and BAL but negative in sputum (fig. 1). The correlation within

any single compartment was greatest in biopsy tissue (Spearman’s rank correlation (rS)50.68, p,0.0001).

Across compartments, sputum eosinophils were significantly, albeit weakly, positively correlated with both

biopsy tissue eosinophils (rS50.36, p,0.05) and BAL eosinophils (rS50.33, p,0.05), while neutrophils

were not intercorrelated across any compartments. Sputum neutrophils were negatively correlated

with tissue eosinophils (rS5 -0.37, p,0.01) and BAL eosinophils (rS5 -0.34, p,0.05). These findings

show generally positive relationships between eosinophils and neutrophils within and across airway

compartments, with the exception of sputum neutrophil percentage.

Serum periostin and exhaled nitric oxide fraction (FeNO) are positively correlated with sputum and biopsy

eosinophils in BOBCAT [3]. Both serum periostin and FeNO trend towards a positive correlation with

biopsy neutrophils (rS50.25, p50.06 for periostin; rS50.23, p50.08 for FeNO), and exhibit significantly

negative correlations with sputum neutrophils (rS5 -0.31 for periostin, rS5 -0.35 for FeNO; p,0.05 for each).

| AGORA
RESEARCH LETTERS

627



None of the airway measures, nor blood biomarkers, exhibited significant correlations with lung function as

assessed by FEV1 or asthma control as assessed by the ACQ (not shown).

Significantly elevated airway neutrophils are not typically observed in mild–moderate asthma patients not

taking ICS or on low-dose ICS, but are often seen in severe asthma patients on high-dose steroids [7, 8],

suggesting that chronic ICS treatment is related to elevated airway neutrophils. Our observations add to these

findings by showing that, in patients with moderate–severe asthma, mucosal neutrophils are particularly

elevated in subjects with tissue eosinophilia despite ICS treatment, and this relationship scales continuously.

Although eosinophil and neutrophil percentages in sputum are measured on a continuous scale, a desire to

classify asthma into discrete subsets has yielded ‘‘cut-offs’’ for eosinophilia around 2–3%, whereas cut-offs

for neutrophilia range from 40% to .60% [1, 2, 7, 9, 10]. This is because eosinophils are typically absent in

nonasthmatic subjects, while a substantial proportion of sputum cells are neutrophils even in healthy

subjects [9]. As a considerable fraction of sputum is composed of neutrophils, an increase in the proportion

of another cell subset may come at the expense of neutrophil percentage, setting up a propensity for

inherently negative correlations between proportions of the two cell types. While changes in the relative

proportion of a minor component of the cellular content of a sample (e.g. sputum eosinophils) may be

informative, caution must be exercised in interpreting the relevance of changes in the relative proportion of

a component representing the majority or significant plurality of the cellular content of a sample (e.g.

sputum neutrophils). Consistent with these considerations, sputum eosinophils exhibited substantial

proportional variability, but remained a minor component of sputum cells and correlated with tissue and

BAL eosinophils, serum periostin, blood eosinophils and FeNO [3]. Sputum neutrophils exhibited less

proportional variability in this study and largely appeared to vary as a negative function of sputum

eosinophil percentage (fig. 1).

The weakness of the positive correlations observed between eosinophils across sputum, biopsies and BAL

may be due to several factors, including: 1) the three compartments sample different regions of the airways;

2) factors mediating transmigration of granulocytes through bronchial mucosal tissue into the airway

lumen are poorly understood; 3) the techniques for enumerating and reporting granulocytes in each

compartment vary; and 4) each assessment in this study is cross-sectional, with sputum sampling taking

place close to, but not contemporaneous with bronchoscopy. Biomarkers that integrate total inflammatory

burden systemically may present a means of circumventing the variability across airway compartments. As

previously reported for the BOBCAT cohort, patients with low eosinophil levels in both sputum and

bronchial tissue had the lowest serum periostin levels, while subjects with elevated eosinophils in either one

or the other compartment had intermediate periostin levels, and subjects with elevated eosinophils in both

sputum and bronchial tissue had the highest periostin levels [3]. Therefore, sampling multiple airway

compartments and/or systemic biomarkers may be a more sensitive means to ascertain whether a given

asthma patient has eosinophilic airway inflammation that may be missed by sampling only one compartment.

BOBCAT represents a large, well-characterised cohort of moderate–severe asthma patients resistant to high-

dose ICS with intensive airway sampling. The key findings from this study are as follows. 1) Sputum, biopsy
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FIGURE 1 Relationships between eosinophil and neutrophil levels in each airway compartment. a) Eosinophil and neutrophil counts in endobronchial biopsy
tissue; median (interquartile range) neutrophils 31 (17–56) cells?mm-2 and eosinophils 23 (7–44) cells?mm-2. Percentages of nonsquamous cells in b) induced
sputum; median (IQR) neutrophils 52 (37–71)% and eosinophils 5 (2–15)%; and c) bronchoalveolar lavage (BAL) fluid; median (IQR) neutrophils 2 (1–8)% and
eosinophils 1 (0–3)%. rS: Spearman’s rank correlation.

628



and BAL eosinophils are imperfectly but positively correlated, suggesting that eosinophilia in each of those

compartments may be informative in moderate–severe asthma. 2) While neutrophils are positively

correlated with eosinophils in biopsies and BAL, they are negatively correlated with eosinophils in sputum.

Whether this is a technical artefact or a biologically relevant finding is unclear, but given recent attention

devoted to ‘‘neutrophilic’’ phenotypes in severe asthma, this should be investigated further, particularly in

the context of interventional studies of ICS and new investigational asthma therapies. 3) Eosinophil and

neutrophil levels relate to each other on a continuous scale, which suggests that defining discrete cut-offs for

airway phenotypes should be undertaken with caution. Future studies should also examine the longitudinal

variability of granulocytic infiltration, as well as the ability of these phenotypic variables to predict outcomes

in interventional studies.
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Impact of cigarette smoking on latent
tuberculosis infection: does age matter?

To the Editor:

Latent tuberculosis infection (LTBI) is defined by evidence of immunological responses by Mycobacterium

tuberculosis proteins in the absence of clinical symptoms/signs of active diseases [1]. People who have

increased likelihood of tuberculosis (TB) exposure and those with clinical conditions that increased their

risk of progressing from LTBI to TB disease are regarded as high-risk groups for developing TB disease and

should be considered for LTBI testing and treatment. Both tuberculin skin test (TST) and T-cell based

interferon-c release assays (IGRAs) are available diagnostic tool for LTBI, but IGRAs avoid the interferences

from bacille Calmette–Guérin (BCG) vaccination and non-tuberculous mycobacterium (NTM). Cigarette

smoke has adverse effects in respiratory immune function and is widely reported to be associated with an

increased risk of respiratory a tract infection, including TB [2, 3]. However, only a few studies investigated

the impact of smoking on LTBI, and none of these studies used IGRAs to diagnose LTBI [4, 5].

The European Respiratory Journal recently published a perspective review focused on the role of diagnosis

and treatment of LTBI to improve TB control and eventually TB elimination [6]. To eliminate TB on a

global scale the identification and sterilisation of latently infected individuals, especially those in high-risk

groups, is of paramount importance. Concerning the close correlation between cigarette smoking and active

TB, the association between LTBI and smoking deserves further clarification with IGRAs as a diagnostic tool.

To elucidate the issue, we enrolled inpatients and outpatients who were considered at risk for LTBI and

progression to active TB disease from January, 2011 to March, 2012 in a tertiary medical centre in Taiwan.

The high-risk individuals enrolled in the present study included people with active TB contact, healthcare

workers, and patients with: malignancy, diabetes mellitus, end-stage renal disease, liver cirrhosis, post-organ

transplantation, autoimmune diseases, and fibrocalcified lesions suggestive of prior TB on a chest

radiograph. Enrolled patients who were under anti-TB treatment or diagnosed with active TB within

1 month of enrolment were excluded. The status of cigarette smoking was collected at the enrolment

interview and enrolled patients were divided into ex-smokers, current smokers and never-smokers. The

presence of LTBI in enrolled patients was determined by the results of IGRA. The IGRA was performed with

QuantiFERON-TB Gold In-Tube (QFT-GIT; Qiagen, Hilden, Germany). The test results were determined

as negative, indeterminate, or positive (cut-off at 0.35 IU?mL-1) according to the manufacturer’s software.

Univariate and multivariate analysis were performed to determine the clinical factors associated with LTBI.

Statistical analyses were carried out using SPSS version 17.0 software (SPSS, Inc., Chicago, IL, USA).

During the study period, a total of 955 high-risk individuals were enrolled, 80 of which had indeterminate

QFT-GIT results. Ultimately, 875 patients with determinate QFT-GIT results, including 147 (16.8%) former

smokers, 125 (14.3%) current smokers, and 603 (68.9%) never-smokers, were included for analysis. The

proportions of LTBI cases in ex-smokers, current smokers and never-smokers were 58 (39.5%) out of 147,

53 (42.4%) out of 125, and 151 (25%) out of 603, respectively, which was significantly lower in the never-

smokers (p,0.001). As compared with never-smokers, ex-smokers and current smokers were older

(p,0.001), more likely to be male (p,0.001), have chronic obstructive pulmonary disease (p,0.001), have

some malignancy (p,0.001), and have fibrocalcified lesions on chest radiographs (p,0.001). Ex-smokers

and current smokers were less likely to: have a TB-contact history (p50.004), have received a BCG

vaccination (p,0.001), have certain autoimmune disorders (p,0.001), and to be healthcare workers

(p,0.001) when compared with never-smokers. In multivariate analysis, both ex-smoking (OR 1.64, 95%

CI 1.00–2.68) and current smoking (OR 1.88, 95% CI 1.16–3.03) were independent factors associated with

LTBI. Other significant factors included increased age (for ex-smoking OR 1.01, 95% CI 1.00–1.03; for

current smoking OR 1.02, 95% CI 1.01–1.03) and COPD (for current smoking OR 3.15, 95% CI 1.03–9.69).

We further analysed the impact of smoking in patients with different ages. The proportions of LTBI among

various age groups are shown in figure 1. In ever-smokers, the proportions of LTBI dramatically escalated

as age increased but declined gradually after the age of 75 years. In never-smokers, the proportions of LTBI

also escalated with increasing age but were similar in patients .45 years. The odds ratio of smoking for

LTBI in each age group is also shown in figure 1. We found that the odds ratio was higher in elderly patients

than those with a younger age, and the highest risk of smoking for LTBI was noted in patients aged from
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65–74 years (OR 2.99, 95% CI 1.47–6.07). Interestingly, the odds ratio rapidly declined in the population

aged .85 years.

The occurrences of active TB were documented in eight (1.33%) out of 603 never-smokers and seven

(2.57%) out of 272 ever-smokers during the 1-year follow-up period, with the log rank p-value of 0.19 using

Kaplan–Meier analysis. 12 of them were documented with LTBI when at enrolment.

Despite extensive studies investigating the association between smoking and active TB, reports evaluating

the impact of smoking on LTBI are relatively scarce [4, 5]. To our knowledge, this is the first study that used

IGRA to analyse the association between smoking and LTBI. We clearly identified smoking as an

independent risk factor for LTBI, both in ex-smokers and current smokers. As compared with previous

studies undertaken in TB-endemic areas with TST, our results should be more specific without the potential

interferences from BCG vaccination and NTM, especially in TB endemic areas where the BCG vaccination

was widely adopted.

The immunological effects of cigarette smoke had been reported in previous studies. Smoke-exposed mice

had fewer cytokine-producing macrophages with diminished influx of interferon-c producing effector T-

cells in the lung than mice without smoke exposure [7]. These adverse effects of cigarette smoke in

pulmonary immunity contribute to increased incidence of active TB and LTBI. Some clinical studies

speculated that the impaired immunity associated with smoking may lower the positive rates of IGRA in

active TB cases and HIV patients with LTBI [8, 9]. The controversial findings between the present study and

previous reports deserve further clarification in different study populations.

We also found the impact of smoking on LTBI varied with age. Patients with an increased age were more

vulnerable to the negative impact of smoking in the occurrence of LTBI. The aged population probably had

longer duration and/or higher intensity in cigarette smoking. The immune-suppressive effects of cigarette

smoke are probably more prominent in an aged population. The lung structure impairment related to

increased intensity of cigarette exposure in aged patients may also increase their susceptibilities to M.

tuberculosis TB. Therefore, the different impact of intensity and duration of smoking on LTBI deserves

further clarification.

The World Health Organization published a monograph to announce the integration of tobacco control

into TB programmes in 2007 [10]. However, the importance of smoking in LTBI screening and treatment is

so far underestimated. Our findings enhance the evidences that cigarette smoking was an important risk

factor associated with a higher prevalence of LTBI. Current and former smokers should be considered as a

high-risk population for LTBI and potential candidates for LTBI prophylaxis treatment. Meanwhile,

smoking cessation is definitely an important measure to decrease the prevalence of LTBI both in low- and
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high-TB prevalence areas. To eliminate TB in the future, the importance of anti-smoking campaigns should

not be overlooked.

@ERSpublications

Current and ex-smoking is associated with increased risk of LTBI in high-risk individuals, especially
in aged populations http://ow.ly/q5FTK

Jia-Yih Feng1,2, Shiang-Fen Huang1,3, Wen-Ying Ting1, Ming-Che Lee1, Yu-Chun Chen3,4, Yung-Yang Lin2,5,6,
Yu-Chin Lee1,3 and Wei-Juin Su1,3

1Dept of Chest Medicine, Taipei Veterans General Hospital, Taipei, 2Institute of Clinical Medicine, School of Medicine,
National Yang-Ming University, Taipei, 3School of Medicine, National Yang-Ming University, Taipei, 4Dept of Medical
Research and Education, National Yang-Ming University Hospital, Taipei, 5Institute of Brain Science, National Yang-
Ming University, Taipei, and 6Laboratory of Neurophysiology and Dept of Neurology, Taipei Veterans General Hospital,
Taipei, Taiwan, R.O.C.

Correspondence: W-J. Su, Dept of Chest Medicine, Taipei Veterans General Hospital, #201, Section 2, Shih-Pai Road,
Taipei 112, Taiwan, R.O.C. E-mail: wjsu@vghtpe.gov.tw

Received: June 11 2013 | Accepted after revision: Sept 02 2013 | First published online: Sept 26 2013

Support statement: This study was funded by the Institute for Biotechnology and Medicine Industry, Taiwan, R.O.C., and
Taipei Veterans General Hospital (V100A-002, V101B-027 and V102B-030).

Conflict of interest: None declared.

References
1 Barry CE 3rd, Boshoff HI, Dartois V, et al. The spectrum of latent tuberculosis: rethinking the biology and

intervention strategies. Nat Rev Microbiol 2009; 7: 845–855.
2 Garmendia J, Morey P, Bengoechea JA. Impact of cigarette smoke exposure on host-bacterial pathogen interactions.

Eur Respir J 2012; 39: 467–477.
3 Leung CC, Yew WW, Law WS, et al. Smoking and tuberculosis among silicotic patients. Eur Respir J 2007; 29:

745–750.
4 den Boon S, van Lill SWP, Borgdorff M, et al. Association between smoking and tuberculosis infection: a

population survey in a high tuberculosis incidence area. Thorax 2005; 60: 555–557.
5 Horne DJ, Campo M, Ortiz JR, et al. Association between smoking and latent tuberculosis in the U.S. population:

an analysis of the National Health and Nutrition Examination Survey. PLoS One 2012; 7: e49050.
6 Diel R, Loddenkemper R, Zellweger JP, et al. Old ideas to innovate tuberculosis control: preventive treatment to

achieve elimination. Eur Respir J 2013; 42: 785–801.
7 Shang S, Ordway D, Henao-Tamayo M, et al. Cigarette smoke increases susceptibility to tuberculosis – evidence

from in vivo and in vitro models. J Infect Dis 2011; 203: 1240–1248.
8 Oni T, Gideon HP, Bangani N, et al. Smoking, BCG and employment and the risk of tuberculosis infection in HIV-

infected persons in South Africa. PLoS One 2012; 7: e47072.
9 Aabye MG, Hermansen TS, Ruhwald M, et al. Negative effect of smoking on the performance of the QuantiFERON

TB gold in tube test. BMC Infect Dis 2012; 12: 379.
10 World Health Organization. The International Union Against Tuberculosis and Lung Disease. A WHO/The Union

Monograph on TB and Tobacco Control. Joining Efforts to Control Two Related Global Epidemics. Geneva, WHO,
2007; p. 9.

Eur Respir J 2014; 43: 630–632 | DOI: 10.1183/09031936.00118313 | Copyright �ERS 2014

A tale of two settings: the role of the
Beijing genotype in the epidemiology of
multidrug-resistant tuberculosis

To the Editor:

Described as a ‘‘template for success’’ by HANEKOM et al. [1] the Beijing genotype of Mycobacterium

tuberculosis has been associated with hypervirulence, drug resistance, evasion of the bacille Calmette–Guérin

(BCG) vaccine and differential immunoregulation [1]. The genotype is itself diverse; accordingly the fact

that specific traits have been associated with Beijing only in certain settings may be explained by the

variation in the subtypes that predominate in each.
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We sought to explore the role that the Beijing genotype plays in the epidemiology of multidrug-resistant

(MDR) tuberculosis (TB) in two very different epidemiological settings: England and Peru. In the UK nearly

three quarters of TB disease occurs amongst migrants, which may result from latent M. tuberculosis

infections acquired from high-burden countries of origin. Thus the distribution of lineages in the UK

reflects a composite of the circulating strains in other nations. Whilst increasing levels of MDR-TB in the

UK have triggered understandable concern, only a small fraction of cases of TB are MDR (in 2011 this was

1.0%) [2]. In contrast, the Peruvian TB epidemic is relatively ‘‘home-grown’’ and the prevalence of drug

resistance is greater (in 2011 5.3% were MDR-TB) [2]. Our objectives were thus: 1) identify any association

between the Beijing genotype and MDR in these two settings, and 2) to examine if trends in Beijing might

explain changes in the prevalence of MDR-TB over time.

Four datasets were used during this study: two English studies and two Peruvian studies.

The English datasets were taken from Public Health England’s Enhanced Tuberculosis Surveillance System

and Mycobacterial Surveillance Network and were referred to as England 1 and England 2. England 1

consisted of 8 859 individuals diagnosed and 24-loci MIRU-VNTR (mycobacterial interspersed repetitive

units variable number tandem repeats) strain-typed between 2010 and 2011. Of these, 4 661 had at least

first-line drug sensitivity data, a minimal 12-loci predefined profile [3] and were pulmonary. England 2

consisted of 189 MDR-TB cases from 2004 to 2007, which had undergone 24-loci typing. 117 were

pulmonary and has at least the minimal standard 12-loci profile. 24-loci typing was not available for non-

MDR cases during this period. Susceptibility to rifampicin, isoniazid, ethambutol, pyrazinamide,

streptomycin, amikacin, kanamycin, capreomycin, azithromycin, clarithromycin, ciprofloxacin, ofloxacin,
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moxifloxacin, prothionamide, ethionamide, cycloserine, 4-aminosalicylic acid, linezolid, clofazamine and

rifabutin had been tested using the proportion or resistance ratio methods.

The Peruvian datasets were referred to as Peru 1 and Peru 2. Peru 1 consisted of 323 sputum-positive cases

of pulmonary TB, recruited from clinical facilities in Lima between 2004 and 2006 and extracted from TAYPE

et al. [4]. 229 had been tested for sensitivity to rifampicin, isoniazid, ethambutol and streptomycin, of which

101 (44.1%) were MDR; we note that this figure is much higher than the overall proportion of MDR in this

setting [2], suggesting that drug susceptibility testing was prioritised for those at highest risk of MDR,

consistent with previous Peruvian testing policies. All cases had a complete standard 12-loci profile. Peru 2

consisted of 230 cases of pulmonary MDR-TB identified in Lima between 1996 and 2004 [5, 6]. Isolates

underwent drug susceptibility testing to rifampicin, isoniazid, ethambutol, pyrazinamide, streptomycin,

kanamycin, capreomycin, ethionamide, 4-aminosalicylic acid and levofloxacin. One individual lacking a

complete standard 12-loci profile was excluded, leaving 229.

MIRU-VNTRplus was utilised to designate lineages for all four datasets to ensure comparability [7].

Substantial differences in the lineage and sublineage profiles of English (England 1, 4661 individuals) and

Peruvian (Peru 1, 229 individuals) pulmonary TB cases were apparent (Chi-squared test of independence p-

value ,0.005). The vast majority of Peruvian cases were of the Euro-American lineage (212 (92.6%) out of

229), with Latin American-Mediterranean (LAM) the majority sublineage (102 (48.1%) out of 212). The

remainder of cases were nearly all Beijing (15 (6.6%) out of 229). In contrast, English cases comprised

of a variety of lineages consistent with their multinational origins: Euro-American 2412 (51.8%) out

of 4661, Delhi-CAS (central-Asia) 1335 (28.6%) out of 4661, East African Indian (EAI) 429 (9.2%) out of

4661, Beijing 392 (8.3%) out of 4661. The Euro-American sublineages observed were also diverse.

Restricting our analysis to MDR cases revealed very different profiles between Peru and England (p-value

,0.005). Peruvian cases (Peru 2, 229 individuals) were dominated by the Euro-American lineage (215

(93.9%) out of 229), of which 121 (56.3%) out of 215 was the LAM sublineage. Regression modelling of

Peru 1 to explore the relationship between MDR and M. tuberculosis lineage showed no association (Beijing

crude OR (95% CI) 1.10 (0.38–3.14), Wald p-value 0.86; Euro-American baseline). In stark contrast to the

overall distribution of lineages, among English MDR cases (England 1) the proportion Beijing increased to

36 (47.4%) out of 76. Regression modelling revealed a strong positive association between Beijing and MDR

among English pulmonary cases, (crude OR 11.51 (6.65–19.95), p,0.005; adjusted OR 9.53 (4.87–18.65),

p,0.005; Euro-American baseline and England 1 used for both models; models excluded non-M.

tuberculosis cases and those with missing data). Age, sex, a composite social risk factor variable

(homelessness, imprisonment, drug/alcohol abuse), country of birth, ethnic group and previous diagnosis

were adjusted for in the latter; this could not be done for Peru 1 as these variables were not available.

We also tested whether Beijing was enriched among strains with resistance to a greater number of drugs

(fig. 1a). Pre-MDR-TB (pre-MDR) was defined as resistance to either, but not both, isoniazid and

rifampicin. Pre-extensively drug resistant (pre-XDR) cases were MDR plus resistant to either a

fluoroquinolone or a second-line injectable. Beijing was enriched from pre-MDR to XDR cases in the

English data (Pearson’s correlation coefficient (ptrend) Beijing versus non-Beijing p ,0.005; England 1). This

could be specifically observed among non-UK born, but not UK born, cases (data not shown). No trend was

seen in the Peruvian data (ptrend50.76; Peru 1 and Peru 2). Further analysis to determine whether the

association has changed over time indicated a recent increase in the proportion of cases caused by Beijing

(ptrend,0.005; England 1 and England 2) (fig. 1b).

Our analysis suggests that the Beijing genotype plays a different role in the current epidemiology of MDR-

TB in England and Peru. In England, the observed association likely reflects the rising importation of

resistant strains, rather than the development of resistance within the UK. In Peru there is likely to be a

similarly high prevalence of MDR among all genotypes, potentially explaining why we did not observe an

association. Interestingly, a recent paper by IWAMOTO et al. [8] suggests that the overall prevalence of Beijing

has increased in Peru over the last decade, but the proportion of Beijing strains that are MDR has decreased.

We utilised available datasets from studies undertaken at different times with variable designs, thus some

interpretative caution is required. For example, Peru 2 recruited from households with more than one

pulmonary MDR case, and thus could have oversampled clustered cases. However, the similarity of the

lineage profiles of Peru 2 with Peru 1, which was not collected through such means, suggests this effect is

limited. English cases were tested for resistance to a wider range of drugs than the Peruvian cases, thus the

‘‘no known resistance’’ category is not strictly comparable between the two datasets. Nevertheless, only 1.3%

of the England 1 dataset was resistant to drugs not tested within the Peru 1 dataset.

Molecular epidemiological surveillance and addressing and preventing resistance have been highlighted as

vital for TB elimination by the European Respiratory Society [9, 10]. We demonstrate within this study how
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the tools of the former could be vital to aid the latter: within Peru the MDR epidemic could worsen should

fitter drug resistant Beijing strains evolve or enter the country and within the UK where the lineage profile is

highly dynamic.
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Helicobacter pylori seroprevalence in
patients with idiopathic pulmonary fibrosis

To the Editor:

In 2007, the European Respiratory Journal published a letter by IBRAHIM [1] in which it was suggested that

micro-aspiration of Helicobacter pylori from gastric juice secondary to gastro-oesophageal reflux disease

(GORD) may cause or contribute to the development of idiopathic pulmonary fibrosis (IPF) through

recurrent lung insult. This hypothesis was derived from the observation that GORD is common in IPF

patients [2, 3], while in the general population the prevalence of GORD exceeds that of IPF. IBRAHIM [1]
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postulated that only a small proportion of subjects with GORD develop IPF, probably those with H. pylori

in their gastric juice. This theory has not yet been investigated and no data is available in the literature on

the relationship between H. pylori infection and IPF.

H. pylori is a Gram-negative, spiral bacterium. There are two major groups of H. pylori microorganisms:

type I, which expresses the vacuolating cytotoxin VacA and the cytotoxin-associated gene CagA and is

responsible for mucosal damage, inducing local inflammatory response; and type II, which expresses neither

of these proteins and does not determine any injury [4]. Type I strains, which have the chromosomal

insertion called Cag, are endowed with increased inflammatory function that may determine further

augmentation of local and systemic cytokines [5].

H. pylori infection is very common all over the world and does not seem to have sex or racial prevalence.

CagA H. pylori strains play a role in gastroduodenal ulcers and the development of gastric cancer. H. pylori

infection was recently demonstrated to protect against gastro-oesophageal reflux disease and reflux

esophagitis [6], to be associated with several extragastric disorders [7] and to play a role in respiratory

disorders, such as chronic bronchitis and lung cancer [4, 8, 9]. A protective function in bronchial asthma,

rhinitis and T-helper cell type 2 (Th-2) driven disorders in general has been proposed [10].

In order to contribute to the analysis of H. pylori infection in IPF, we designed a pilot study that included

serological analysis. We evaluated serum-prevalence of total anti-H. pylori antibodies (anti-HP Ab) and

anti-CagA antibodies (anti-CagA Ab) in a population of IPF patients. 45 patients with IPF (33 males, mean

age 66.2¡10.2 years, 12 out of 45 had a histologically confirmed diagnosis and 33 out of 45 had a definite

high-resolution computed tomography (HRCT) diagnosis) monitored at the Regional Referral Center for

Sarcoidosis and other Interstitial Lung Diseases at Siena University (Siena, Italy), were enrolled,

consecutively, in the study. Inclusion criteria were: 1) a documented history of IPF of .1 year; 2) diagnosis

of IPF performed according to American Thoracic Society/European Respiratory Society/Japanese

Respiratory Society/Asociacion Latinoamericana del Tórax guidelines [11]; 3) regular follow-up with chest

HRCT (almost one a year); 4) pulmonary function tests (PFTs) performed according to guidelines (almost

every 6 months). Patients with malignancies and pulmonary hypertension were excluded.

The results were compared with a population-based sample of 797 age- and sex-matched controls with a

comparable socioeconomic background (Siena Osteoporosis Cohort) [12], obtained from primary care

registers of Siena residents.

All participants gave their written informed consent to the study that was approved by the local ethics

committee.

Serum IgG antibodies to H. pylori were analysed in all patients and controls by ELISA having a sensitivity

and specificity of 96% (Diesse Diagnostica Senese, Monteriggioni, Italy); serum anti-CagA IgG antibodies

were determined by ELISA with a sensitivity of 95% and a specificity of 90% (CagA-IgG; Genesis

Diagnostics Ltd., Cambridgeshire, UK). Cut-off values of 6.2 IU?mL-1 for anti-HP antibodies and

5.5 IU?mL-1 for anti-CagA antibodies were based on previous studies [5].

Statistical analysis was performed using GraphPad Prism version 4.0 for Macintosh, p ,0.05 was considered

significant. Differences between the two groups were studied by Mann–Whitney test; analysis of variance

was done by Kruskal–Wallis test, while Fisher’s exact test or the Chi-square test was applied to evaluate

prevalence by contingency tables. All data was expressed as mean¡SD.

Table 1 reports the prevalence of anti-HP Ab and anti-CagA Ab in the IPF population together with

demographic data, functional test parameters at baseline and at 1-year follow-up, bronchoalveolar lavage

(BAL) cell pattern, CD8:CD4 ratio, and 6-month and 1-year mortality rates.

Serum IgG antibodies against H. pylori proved positive in 18 out of 45 patients with IPF (prevalence 40%),

10 of whom were also positive to anti-CagA serum antibodies (55%). The population-based control group

showed a H. pylori infection prevalence of 51.4% (410 out of 797), 206 of whom were positive to anti-CagA

serum antibodies (50.2%).

Prevalence of H. pylori infection was not significantly different in patients and the general population (OR

0.62, 95% CI 0.43–1.16; p50.16,), and the same was found for infection by CagA-positive H. pylori strains

(OR 1.23, 95% CI 0.47–3.20; p50.81). No significant difference between antibody titres of anti-HP Ab

(p50.06) and anti-CagA Ab (p50.06) was found.

IPF patients testing positive for H. pylori showed significantly lower values of forced vital capacity (FVC),

forced expiratory volume in 1 s (FEV1) and total lung capacity (TLC) than those testing negative for

H. pylori (p50.016, p50.026, and p50.037, respectively) (table 1). No statistically significant difference was

found for DLCO, although the number of patients unable to perform the test due to severe lung impairment
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and oxygen-therapy was higher in H. pylori-positive (44.4%) IPF patients than the H. pylori-negative IPF

patients (25.9%), suggesting their worse respiratory condition, although the difference was at the limits of

significance (p50.07).

6-month follow-ups recorded the death of 18 out of 45 IPF patients giving a mortality rate of 40%. There

was a statistically significant difference in the mortality rate of the two subgroups: 11 (61.1%) out of 18

H. pylori-positive patients died versus 7 (28%) out of the 25 H. pylori-negative patients who died (two

patients were lost to follow-up) (p50.05). 1-year mortality rate was higher in the H. pylori-positive group

when compared with the H. pylori-negative group (66.6% versus 37%, respectively; p.0.05).

1-year follow-up PFTs were available in six H. pylori-positive patients (12 died) and 15 H. pylori-negative

patients (10 died and two were lost to follow-up), showing a significant decrement in FVC in both groups

(p,0.05). The decrement was significantly greater in H. pylori-positive patients when compared with the

H. pylori-negative patients (-11% versus -5.3%, respectively; p,0.05). Follow-up of DLCO was available in

only four H. pylori-positive patients and 12 H. pylori-negative patients and the decrease was not significant

in either group (-12.6% versus -6%, respectively; p.0.05).

No statistical differences in therapy and in BAL features were found between H. pylori-positive and

H. pylori-negative IPF patients (data not shown).

No differences were observed in the prevalence of H. pylori-CagA positivity between patients and controls and

no correlations were found between total anti-HP Ab or anti-CagA Ab and the clinical variables analysed.

In this pilot study, the prevalence of H. pylori infection in IPF patients was comparable to that of the general

population and H. pylori antibodies were associated with a more severe disease (i.e. H. pylori-positive IPF

patients had significantly lower FEV1, FVC and TLC than H. pylori-negative patients). Interestingly, in the

literature, GORD is reported to be highly prevalent in IPF patients and has been hypothesised as a potential

cause of the disease [2, 3]. The role of H. pylori in the development of IPF has been postulated but never

demonstrated [1].

In our study, the H. pylori-positive subgroup of IPF patients showed a more severe disease phenotype with

higher rates of mortality and PFT decline, suggesting a possible role of this bacterium in disease progression.

The theory put forward by IBRAHIM [1] is interesting and our study suggests the potential role of H. pylori in

IPF progression. At a recent International Conference (6th WASOG Conference, held in Paris, June 6–7,

2013), HOGABOAM [13] reported positive H. pylori staining in lung biopsy specimens from severe IPF

patients, sustaining the involvement of H. pylori in this disease. No other literature is available in this field

of research.

TABLE 1 Prevalence of anti-Helicobacter pylori antibodies and anti-CagA antibodies in an
idiopathic pulmonary fibrosis population along with demographic data, functional-test
parameters and mortality rates

H. pylori positive H. pylori negative p-value

Patients n 18 27
Age years 66.8¡10.8 65.7¡9.8 NS

Males n 16 19 NS

Pulmonary function tests
FVC % pred 53.6¡20.3 70.1¡23.1 0.016
FEV1 % pred 57.4¡18.7 72.1¡21.9 0.026
FEV1/FVC 87.6¡11.3 82.8¡7.6 NS

RV % pred 75.1¡25.9 87.6¡25.6 NS

TLC % pred 61.7¡16.0 74.5¡19.2 0.037
DLCO % pred 42.0¡17.1 42.2¡20.1 NS

KCO % pred 71.1¡23.4 66.6¡20.4 NS

DFVC % -11 -5.3 0.05
DDLCO % -12.6 -6 NS

Mortality %
At 6 months 61.1 28 0.05
At 1 year 66.6 37 NS

Data are expressed as mean¡SD, unless otherwise stated. FVC: forced vital capacity; FEV1: forced expiratory
volume in 1 s; RV: residual volume; TLC: total lung capacity; DLCO: diffusing capacity of the lung for carbon
monoxide; KCO: transfer coefficient of the lung for carbon monoxide; DFVC: decline rate expressed as % of
FVC; DDLCO: decline rate expressed as % of DLCO; NS: not significant.
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The next step for our study will be direct determination, such as faecal H. pylori antigens or H. pylori

determination in BAL (i.e. DNA PCR or culture), in a wide population of IPF patients. The effects of IPF

pharmacological treatments on H. pylori infection remain to be established.
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Combined pulmonary fibrosis and
emphysema syndrome associated with
ABCA3 mutations

To the Editor:

Herein, we present the first report of combined pulmonary fibrosis and emphysema (CPFE) in an adult

patient who was compound heterozygous for mutations of the ATP-binding cassette subfamily A member 3

gene (ABCA3, MIM 601615).

A 41-year-old nonsmoking male presented with dyspnoea on mild exertion. The patient’s medical history

indicated neonatal respiratory distress, gastro-oesophageal reflux and pneumonia 8 years previously that

resolved with antibiotics. His physical examination revealed a mild pectus excavatum, finger clubbing and

bilateral basal crackles. High-resolution computed tomography (HRCT) of the chest showed voluminous
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emphysema in the upper zones of the lungs associated with honeycomb fibrosis and ground-glass opacity in

lower lobes, predominating in left lung (fig. 1). The bronchoalveolar lavage differential cell count was 67%

macrophages, 22% neutrophils and 8% lymphocytes. Pulmonary function tests showed: total lung capacity

of 75%, vital capacity (VC) of 50%, residual volume of 134%; forced expiratory volume in 1 s (FEV1) of

49%, diffusing capacity of the lung for carbon monoxide of 38% predicted, FEV1/VC of 74%, and arterial

oxygen tension at room air was 96 mmHg. During a 6-min walk test the peripheral oxygen saturation

decreased from 96% at rest to 90% after 630 m (80% of predicted value). A lung biopsy was not performed.

Doppler echocardiography showed normal heart cavities, with estimated systolic pulmonary arterial

pressure of 37 mmHg. Serum a1-antitrypsin levels, autoimmune markers (including anti-nuclear antibody

and rheumatoid factor), and immunoglobulin pattern were normal.

This clinical presentation of CPFE in a young patient prompted us to screen mutations in genes causing

surfactant dysfunction. After informed consent was obtained, sequencing analysis of the surfactant protein

C gene (SFTPC, MIM 178620) revealed no mutation. Sequence analysis of the ABCA3 gene identified two

mutations: 1) c.3081_3092delinsCG resulting in a serine to valine change at codon 1028 with the creation of

a stop codon 103 amino acids downstream (p.Ser1028Valfs*103); and 2) the common mutation c.875A.T

changing a glutamic acid to a valine at codon 292 (p.Glu292Val). None of these mutations were found in

either the public polymorphism database or our controls. 2 years after presentation, chest HRCT as well as

lung function worsened and azithromycin (250 mg every other day) was initiated.

Pulmonary surfactant, a complex mixture of lipids and specific proteins located at the air–liquid interface,

lowers alveolar surface tension thereby preventing alveolar collapse at the end of expiration. It is synthesised

by alveolar type II cells, stored in lamellar bodies, and secreted by exocytosis. ABCA3 is expressed in the

lamellar bodies of alveolar type II cells and is crucial to pulmonary surfactant storage and homeostasis.

Several studies indicated a role of genes involved in surfactant metabolism in the development of diffuse

lung diseases [1].

CPFE is a syndrome characterised by the coexistence of emphysema and pulmonary fibrosis in the same

patient [2]. It typically occurs in male smokers and is associated with dyspnoea, upper lobe emphysema,

lower lobe fibrosis and abnormalities of gas exchange. In the absence of the SFTPC mutation, previously

associated with CPFE [3], we decided to analyse other genes involved in surfactant metabolism, such as

ABCA3. Recessive loss-of-function mutations in ABCA3 present as lethal surfactant deficiency in the

newborn, whereas other recessive mutations in ABCA3 can result in interstitial lung disease in older

children [4]. Previous studies showed that homozygous or compound heterozygous ABCA3 mutations led

a)

c)

b)

FIGURE 1 High-resolution computed tomography of the chest showing a, b) left upper lobe predominant emphysema
associated with a, c) ground-glass opacities and c) asymmetric honeycomb pattern in the lower zones.
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to abnormal processing and/or trafficking of the ABCA3 protein [5], alterations in ABCA3 protein

functions such as ATPase activity [6], or impaired lipid transport [7]. As previously described, our patient

had a less severe phenotype than is usually associated with ABCA3 mutations [4]. These variations in the

clinical and radiological features may be related to the nature of the mutation. Our patient was found to be

compound heterozygous for ABCA3 mutations. The first is the common mutation p.Glu292Val, which is

found in heterozygous form with a frequency of ,1% [8] and has been previously reported to be associated

with mild lung disease. The second has not yet been described but is expected to be a disease-causing

mutation as it introduces a premature termination codon, likely to be associated with markedly reduced

mRNA levels due to nonsense-mediated degradation. Such a ‘‘null’’ allele precludes any functional ABCA3

from being made resulting in abnormal lamellar bodies, but should be less deleterious in combination with

the mild mutation p.Glu292Val. Interactions with variants in other genes and/or with external factors such

as viral or bacterial infections, as observed in our case, may also influence the observed phenotype [9].

The phenotype of our patient is very similar to that observed in the case reported by COTTIN et al. [3]

carrying SFTPC mutations. Our patient is a nonsmoker and the emphysematous lesions were voluminous

and localised, mostly in the upper lobes, whereas asymmetric fibrosis lesions were predominant in the

lower lobes.

There is no specific treatment for CPFE syndrome. Supported immunosuppressive therapy was not

indicated in this case without evidence of active inflammation. Improvement of severe interstitial lung

disease in a young patient with ABCA3 deficiency has been reported after treatment with azithromycin, an

azalide macrolide antibiotic characterised by a nitrogen in the macrolide ring [10]. Although, there is no

evidence of efficacy of azithromycin in CPFE, the worsening of our patient’s respiratory status together with

the safety of this drug incited us to initiate this treatment in our patient.

To our knowledge, this is the first report of a phenotype of CPFE syndrome in an adult patient carrying

mutations of the ABCA3 gene. Although further studies are needed to confirm the role of surfactant

metabolism in CPFE, this result suggests that this syndrome may have an underlying genetic predisposition.
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Pulmonary arterial hypertension in
familial hemiplegic migraine with
ATP1A2 channelopathy

To the Editor:

Pulmonary arterial hypertension (PAH) has been the focus of major research in recent years [1].

Involvement of mutations in genes encoding for members of the transforming growth factor-b signalling

pathway (BMPR2, ACVRL1, ENG and SMAD8) has been demonstrated in the development of heritable

PAH, allowing novel experimental and clinical approaches [2–4]. However, ,30% of familial forms of PAH

remain without any identification of genetic mutations. Recently, mutations of the KCNK3 gene (encoding

K+ channel subfamily K member 3) have been reported in patients with familial and sporadic PAH [5]. KCNK3

belongs to a family of mammalian K+ channels, and are involved in the regulation of resting membrane

potential, pulmonary vascular tone and in vascular remodelling. This result paves the way to the involvement

of novel signalling pathways in the development of heritable PAH. Herein, we describe a novel association of

PAH and a channelopathy due to mutation in ATP1A2 (encoding the a2-subunit of the Na+/K+-ATPase), a

mutation known to cause familial hemiplegic migraine (FHM), a rare autosomal dominant disease [6].

A 24-year-old male was referred with a 1-year history of progressive exertional dyspnoea. Since the age of

8 years, he has reported recurrent episodes of hemiplegic migraine associated with muscle weakness and

pain. The proband’s mother (II4) (fig. 1) and two of his brothers (III6 and III7) had recurrent hemiplegic

migraine with aura. There was no familial history of PAH. On admission, the patient was in New York

Heart Association (NYHA) functional class III. His 6-min walk distance (6MWD) was 409 m. Pulmonary

function tests were normal except for decreased diffusing capacity of the lungs for carbon monoxide.

Doppler transthoracic echocardiography revealed signs of severe pulmonary hypertension with an estimated

systolic pulmonary artery pressure of 75 mmHg, right ventricular dilatation and hypertrophy, and mild

pericardial effusion. Right heart catheterisation confirmed pre-capillary pulmonary hypertension, with a

mean pulmonary artery pressure (mPAP) of 51 mmHg, a pulmonary capillary wedge pressure of 12 mmHg,

a right atrial pressure of 7 mmHg, a cardiac index of 1.90 L?min-1?m-2 and pulmonary vascular resistance

(PVR) of 12.3 Wood units. No acute vasodilator response to nitric oxide was observed. Screening for other

causes of pulmonary hypertension was negative. The patient was treated with a combination of intravenous

epoprostenol, an endothelin receptor antagonist (ERA) and a phosphodiesterase type 5 inhibitor (PDE5i).

The patient stopped taking the PDE5i after a few days because of side-effects, including increased symptoms

of migraine. 4 months later, re-evaluation showed moderate clinical (NYHA functional class II and 6MWD

518 m) and haemodynamic improvement (mPAP 43 mmHg, cardiac index 2.29 L?min-1?m-2 and PVR

8.4 Wood units). The patient is still alive 1 year after diagnosis on intravenous epoprostenol and an ERA.

According to our local procedures, the patient underwent genetic counselling and gave written informed

consent for genetic screening. No point mutations or large rearrangements of the BMPR2 and ACVRL1

genes were identified. To date, three genes (CACNA1A, ATP1A2 and SCNA1) encoding ion transporters are

known to be associated with FHM. Genetic analysis revealed a nucleotide substitution in the coding

sequence of the ATP1A2 gene (c.2819C.T; p.S940L) located on chromosome 1 (1q23). This mutation,

which was not found in 200 control chromosomes, and was absent from the dbSNP, 1000 Genomes and

Exome Sequencing Project data, affects a highly conserved amino acid, but has never been reported before.

The patient’s brothers, III4 and III6, were screened for the familial ATP1A2 mutation. Patient III4 did not

carry the familial mutation and, as suggested by the clinical symptoms, the mutation was identified in

patient III6 (fig. 1). Mutations of the ATP1A2 gene are known to cause FHM, a rare autosomal dominant

disease characterised by migraine with motor weakness and aura [6]. Other neurological symptoms include
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various types of epileptic seizures and intellectual deficit; permanent cerebellar signs may be present in

patients carrying a CACNA1A mutation [6]. FHM has an estimated prevalence of one in 20 000, 20–30% of

cases carrying an ATP1A2 mutation [6]. In France, only 216 FHM patients (126 families) carry an ATP1A2

mutation (unpublished data).

The association of two rare diseases (PAH and FHM) supports the hypothesis of a potential common

pathophysiological link. It is important to note that the presence and the activity of the a2-subunit of the

Na+/K+-ATPase in lung and, more particularly, in pulmonary vascular smooth muscle cells have been

previously reported [7]. In addition, several studies have reported substantial decreases in expression and/or

activity of different types of K+ channels in pulmonary arterial smooth muscle cells of patients displaying

idiopathic PAH, together with abnormalities in resting membrane potential and Ca2+ homeostasis [8].

Furthermore, pulmonary hypertension improvement has been demonstrated by restoring the expression of

K+ channels in a chronic hypoxic pulmonary hypertension rodent model (by treatment with a voltage-gated

K+ (KV) channel activator or by gene transfer using adenovirus carrying the human KV1.5 gene (KCNA5))

[9, 10]. The chemical gradient produced by the normal activity of the Na+/K+-ATPase is important for

restoration of low intracellular Ca2+ concentration. Inhibition of K+ channels leads to an increase in intracellular

Ca2+ concentration, which is a major stimulus for cell growth, migration and vasoconstriction [11]. Notably,

inhibition of the Na+/K+-ATPase by ouabain rapidly activates the Ras/mitogen-activated protein kinase

(MAPK) signalling pathway, leading to the proliferation of cultured vascular smooth cells [12, 13].

Interestingly, we have reported eight cases of neurofibromatosis type 1 and one case of Cowden

syndrome associated with pre-capillary pulmonary hypertension [14]. Neurofibromatosis type 1 and

Cowden syndrome are due to mutations in the NF1 and PTEN genes, respectively, leading to the

activation of the Ras/MAPK signalling pathway and proliferation. Finally, it has been demonstrated that

a decreased activity of K+ channels can inhibit apoptosis by attenuating the activity of intracellular

caspases [11]. Altogether, these observations support a possible role of mutations in ATP1A2 gene in

the development of PAH through the disturbance of intracellular Ca2+ and K+ concentrations.

We thus suggest that mutations in the ATP1A2 gene may contribute to pulmonary arterial remodelling and

PAH. However, we must emphasise that our report of a single family remains hypothesis-generating and

requires future additional information. Importantly, no other families with mutations in ATP1A2 with a

history of PAH have been reported to date. In addition, within the present family, the phenotype of FHM

segregates with the ATP1A2 mutation, but only one member has PAH. While this family is intriguing, it

remains possible that PAH is unrelated to the ATP1A2 mutation or FHM. Although these are both rare

diseases, there is a small number of patients who do have coincidental rare diseases. In the future, our task

will be to demonstrate the presence of ATP1A2 mutations in other individuals with PAH and/or

functionally demonstrate how the mutation may affect the pulmonary vasculature. Similarly, patients

displaying hereditary haemorrhagic telangiectasia and PAH have been very rarely reported in the past.

FHM 

14 years of age

Death at 49 years of age

head and neck cancer
Death at 

70 years of age

Death at 

84 years of age

III

II

1 2 3 4 5 6 7

1

Unaffected subjects

PAH + FHM

FHM

2

2

3 4 5

PAH 25 years of age
FHM 8 years of age

6 7 8

I

2 2

FIGURE 1 Family tree. Ages indicated are those at pulmonary arterial hypertension (PAH) diagnosis or the beginning of
familial hemiplegic migraine (FHM) symptoms. Arrow: proband.
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Currently, ,50 heritable PAH cases have been reported in ACVRL1 mutation carriers, while most mutation

carriers develop hereditary haemorrhagic telangiectasia by the age of 60 years, emphasising that a single gene

may cause different vascular diseases, alone or in combination, with markedly different penetrance [15]. In

conclusion, our present case report reinforces the potential interest of ion channels in the pathogenesis of PAH.
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Enhanced detection of Legionnaires’
disease by PCR testing of induced
sputum and throat swabs

To the Editor:

Legionnaires’ disease, particularly that caused by non-pneumophila species, is notoriously underdiagnosed

[1, 2]. We recently found a four-fold increase in case detection of Legionnaires’ disease through a

laboratory-initiated strategy of systematic PCR testing for Legionella species of all lower respiratory

specimens from patients with pneumonia or immune compromised status [3]. This strategy relies on the

availability of lower respiratory specimens and the recording of relevant clinical information on laboratory

requisition forms by clinicians. We recognised that this strategy will miss testing patients who could not

expectorate sputum and when inadequate clinical information is written on laboratory requisition forms.

To address this diagnostic gap we enhanced case detection by actively identifying patients with community-

acquired pneumonia (CAP) and by collecting induced sputum from those unable to expectorate

voluntarily. In addition, we evaluated throat swabs as an alternative specimen for PCR testing.

From October 2012 to March 2013 patients admitted to Christchurch Hospital and The Princess Margaret

Hospital (both in Christchurch, New Zealand) with CAP and aged o18 years were recruited. For logistical

reasons, recruitment occurred on weekdays only. The study period was chosen to coincide with peak

Legionnaires’ disease activity in Christchurch [3]. Patients were excluded if the pneumonia was hospital

acquired or associated with bronchial obstruction, bronchiectasis or tuberculosis. Patients were not eligible

for sputum induction if they required high-flow oxygen or assisted ventilation at enrolment.

Ethical approval was obtained from the New Zealand Northern A Ethics Committee. Informed consent was

obtained from the patient or their next of kin with separate informed consent for induced sputum collection.

Legionnaires’ disease was defined by a positive sputum PCR, sputum culture or urinary antigen test result in

a patient with pneumonia. CAP was defined as an acute illness with clinical features of pneumonia and

radiographic pulmonary shadowing that is at least segmental or present in one lobe and is neither pre-

existing nor because of some other known cause.

Sputum induction was performed on the day it was requested, using ultrasonically nebulised 7% hypertonic

saline for 20 min via a DeVilbiss Ultraneb (DeVilbiss Healthcare, Somerset, PA, USA). Throat swabs were

collected using nylon flocked swabs (Floqswabs; Copan flock technologies, Brescia, Italy) and placed in

universal transport media. Sputum and throat swabs were tested for Legionella species using PCR. The

isolation of DNA from clinical specimens was performed using the SPRI-TE (Beckman Coulter, Auckland,

New Zealand) nucleic acid extractor and genomic DNA Extraction Kit as recommended by the

manufacturer. Legionella DNA was detected using real-time PCR [2], confirmation of the PCR products

that did not have melting curve data consistent with Legionella pneumophila was performed using a real-

time PCR with a different gene target [3]. This confirmatory PCR had both genus and Legionella

longbeachae specific probes. PCR inhibitor controls were used to validate negative PCR results [3–5]. Urine

samples were tested for L. pneumophila serogroup 1 and Streptococcus pneumoniae using the BinaxNOW

Legionella Urinary Antigen Card and BinaxNOW S. pneumoniae Antigen Card (Alere, Scarborough, ME,

USA), respectively. Blood cultures were taken at the request of attending physicians.

Over the study period, 145 patients were eligible with 114 enrolled. 26 patients did not consent and four

who were initially enrolled were excluded when the diagnosis of malignancy (n51), tuberculosis (n52) and

hospital-acquired pneumonia (n51) was made. One patient was excluded because pneumonia was not the

primary reason for admission.

The median (interquartile range) age of those included was 69 (18–101) years, with 67 (59%) females.

There were 22 (19%) cases of Legionnaires’ disease: 16 cases caused by L. longbeachae, three caused by

L. pneumophila and three non-typable Legionella species. Of these, 21 were detected by sputum PCR, eight

had positive sputum cultures (all PCR positive), and three had positive urinary antigen tests (two were also

detected with sputum). The three non-typable Legionella species were all culture negative, urinary antigen
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negative and of insufficient copy number to type. Of the 114 patients, 17 (15%) had positive urinary antigen

tests for S. pneumoniae and one (1%) patient had a positive blood culture for S. pneumoniae.

A summary of the yield of diagnostic specimens is presented in table 1. Of the 114 cases, 46 (40%) were

unable to spontaneously expectorate sputum. Induced sputum was requested for 31 patients and 15 did not

give consent or were ineligible. Of the 31 who consented to have sputum induced, 10 (34%) produced an

expectorated sputum sample with nursing or physiotherapist assistance (four were positive for Legionella),

19 underwent sputum induction and two were discharged prior to the procedure. Of the 19 who underwent

sputum induction, all produced sputum without adverse events and four tested positive for Legionella.

Therefore, eight (36%) out of 22 cases of Legionnaires’ disease would not have been detected without active

specimen collection. Of the PCR-positive sputum specimens, 11 (52%) out of 21 had .10 squamous

epithelial cells per low power field and 12 (57%) out of 21 had ,25 leukocytes per low power field; criteria

often used to indicate poor quality specimens.

Throat swabs were performed on all 114 patients and were positive in only three (3%), all of whom also had

positive sputum specimens.

The identification of Legionella spp. altered the treatment in 16 (73%) patients. In five patients this was due

to the inclusion of an agent active against Legionella and in 11 patients there was a rationalisation of

antimicrobials.

We found that active specimen collection increased the case detection of Legionnaires’ disease in our region

by at least one-third over and above PCR testing of routine specimens. During spring and summer in our

region, Legionnaires’ disease accounted for approximately one-fifth of all cases of adult CAP admitted to

hospital, and was more common than confirmed pneumococcal pneumonia.

The diagnostic performance of Legionella PCR has been reported previously but, in brief, it is highly sensitive

and specific, with a rapid turn-around time and disease severity correlates with bacterial load [3, 6].

Sputum is the preferred diagnostic sample for Legionella PCR testing [2]. However, .40% of pneumonia

patients in our study were unable to spontaneously expectorate sputum. We managed to obtain a sputum

sample through extra assistance or induction in only approximately two-thirds of these cases but, in doing

so, still increased the case detection of Legionnaires’ disease by 36%. The most common reason for not

obtaining sputum was ineligibility for sputum induction. We were cautious in selecting patients for sputum

induction to avoid adverse reactions and it was universally well-tolerated. The technique of induced sputum

has been shown to be safe by others and could be more widely applied [7].

It has been reported that throat swabs may be useful for diagnosing the cause of lower respiratory tract

infections by PCR [8–10]. In our study, a throat swab was positive in a minority of cases and offered no

advantage over sputum samples.

The relatively small sample size and study period over only one spring/summer are important limitations of

our study. Additionally, the conclusions are only valid in regions with a high incidence of non-pneumophila

Legionnaires’ disease such as Australasia.

In conclusion, active collection of sputum samples for PCR testing, including by induction, in patients with

CAP enhances the case detection of Legionnaires’ disease, and is recommended in high-prevalence regions.

Throat swabs offer no advantage over sputum samples, but further work is needed to assess their potential

role in situations when lower respiratory samples cannot be obtained.

@ERSpublications

Testing induced sputum samples from those who cannot produce sputum increases diagnosis of
Legionnaires’ disease http://ow.ly/rm9WD

TABLE 1 Summary of microbiological results

Diagnostic specimen Legionella PCR positive

Expectorated sputum 13/68
Expectorated sputum obtained with nurse or

physiotherapist assistance
4/10

Induced sputum 4/19
Throat swab 3/114

Data are presented as n/N.
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