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ABSTRACT

PURPOSE OF REVIEW: To consider recent developments in respiratory medicine that are of
relevance to clinicians caring for adults affected by primary immunodeficiency disorders.

RECENT FINDINGS: We consider impulse oscillometry, new bronchoscopic techinques for
sampling, MRI and PET, the concept of the human airway microbiome, and new treatment
approaches for bronchiectasis and interstitial lung disease to better understand the future
of respiratory care for people with PID.

SUMMARY: New approaches to the diagnosis and management of respiratory
manifestations of PID have been driven by better understanding of the lung in health and
disease, progress in imaging and sampling modalities, and new therapeutics.
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INTRODUCTION

This review will consider recent developments in respiratory medicine that are of relevance
to clinicians caring for adults affected by primary immunodeficiency disorders (PID). We will
first summarise the major respiratory manifestations of PID, before going on to describe
new approaches to the diagnosis and management of respiratory disease, based on a
deeper understanding of the lung in health and disease. Improvements in respiratory health
for those living with PID are also being driven by a better understanding of the specific
immunodeficiency disorders, for example in relation to genetic diagnosis.

REVIEW

There are existing reviews that summarise the pulmonary complications PID [1]. In PID
characterised by antibody deficiency (PAD) such as Common Variable Immunodeficiency
Disorders (CVID), lung complications can be divided into three groups: acute infections of
both the upper and lower respiratory tracts, the development of bronchiectasis as a
consequence of recurrent airway infection, and granulomatous-lymphocytic interstitial lung
disease (GLILD). The latter is best considered the pulmonary component of a multi-system
immuno-inflammatory syndrome seen in a subset of people living with CVID [2, 3].

People affected by chronic granulomatous disease (CGD) are also prone to recurrent
respiratory infections, including those associated with specific organisms such as
Staphylococcus, Nocardia and Aspergillus [4]. It is further recognised that people with CGD
may develop granulomatous inflammation in the lung (and thoracic lymph nodes) with
subsequent risk of interstitial lung disease [5].

Importantly, understanding the pulmonary manifestations of PID is important to both
pulmonologists and to clinical immunologists. PID remain associated with significant
diagnostic delay and initial manifestations are often within the lung such that
pulmonologists need to be alert to the possibility of PID in people presenting with severe,



unusual, persistent or recurrent (‘SPUR’) infections, and those with interstitial lung disease.
Conversely, clinical immunologists need to be alert to the development of acute and chronic
respiratory complications of PID.

From this background, it will be apparent that the major challenges when considering
respiratory manifestations of PID relate to the early detection and effective monitoring and
treatment of lung complications. In the sections below we will consider new developments
in respiratory physiology and imaging, including new opportunities for diagnostic sampling
and how our understanding has been affected by a better understanding of the respiratory
microbiome. Finally, we will examine new therapeutic approaches to treat both
bronchiectasis and GLILD.

Respiratory Physiology

Spirometry remains the most commonly used pulmonary function test due to its simplicity
and wide availability, and is key to the assessment of patients with respiratory disease [6, 7].
Spirometry is useful to differentiate obstructive diseases (defined by a reduced ratio of
forced expiratory volume in one second to (forced) vital capacity - FEV1/(F)VC - from
restrictive diseases defined by a reduction in total lung capacity (TLC) below the 5th
percentile of predicted value but a normal FEV1/VC ratio [8]. Predicted values are derived
from the average expected in a healthy individual of any given age, height, sex and race [9].

Reliable spirometry is effort dependent, which can lead to bias. A novel, non-invasive
method called the forced oscillation technique (FOT) only requires tidal breathing [10]. FOT,
first described by Dubois et al in 1956, uses sound waves of different frequencies
superimposed on a patient’s tidal breathing to measure the mechanical properties of the
airways and lung parenchyma in the form of respiratory impedance (Z.). This technique has
similar sensitivity to spirometry in identifying airway abnormalities [11, 12]. Z.is the sum of
all forces, made up of resistance of the airways (Rrs) and reactance (Xs), opposing the
generated oscillations [13, 14]. Xiscomprises the inertia of the air column (inertance) and
the elasticity of the lung (capacitance) and are of opposing phases. Resonant frequency
(Fres) is the frequency at which these two opposing factors are equal [14, 15] (Figure 1).

However, FOT measurements were time-consuming as only one frequency wave could be
passed at any one time. This led to the development of impulse oscillometry system (10S)
by Michaelson et al in 1975, which sends an impulse comprising multiple sound frequencies
into the airways, providing a more accurate mathematical analysis of resistance and
reactance [14, 16]. Simplistically, higher sound frequencies (20 Hz) only travel shorter
distances (thus measuring the larger airways) whilst lower sound frequencies (5 Hz) travel
into the smaller airways. Distal airway obstruction such as that seen in asthma and COPD
results in an increase of Ry, and Xs (reactance at 5Hz frequency) to be more negative,
causing the Fres to increase. The change in Rs is more prominent in asthma and can be used
in disease monitoring and assessment of reversibility whereas Xs is more impaired in chronic
obstructive pulmonary disease (COPD) and can be used to monitor disease progression over
time in which it correlates with FEV1 [15, 17].



Similarly, due to decrease in elasticity with subsequent increase in resistance, findings in
interstitial lung disease reveal a more negative Xs and an increased Rrs. It has recently been
reported that the inspiratory Xs values are more negative than expiratory Xs values in
interstitial disease, contrasting to the situation in COPD [18].

Diagnostic Sampling

Enlarged intra-thoracic lymph nodes are seen in many respiratory manifestations of PID, but
sampling them has historically been difficult, with significant morbidity associated with
mediastinoscopy. In the current practice, thoracic lymphadenopathy can now be more
readily defined using endobronchial ultrasound (EBUS) with trans-bronchial needle
aspiration (EBUS-TBNA) [19].

There are two types of EBUS currently available: radial probe and linear bronchoscope. Both
contain a transducer (which generates and receives ultrasound waves) and a processor
(which integrates the sound waves into the ultrasound images) [20]. Radial EBUS was first
developed in the 1990s and became commercially available in 1999. Linear EBUS was first
developed in 2005 [21]. EBUS is typically performed as a day case procedure using local
anaesthesia and conscious sedation.

A radial probe is small and can be inserted through the working channel of a conventional
flexible bronchoscope. It has a 360° rotating transducer which allows visualization of the
surrounding layers of the bronchial wall, typically to detect tumour invasion (Figure 2). The
probe can also be used to detect peripheral pulmonary lesions. The probe is inserted with a
guide sheath and is then left at the site of lesion after removal of the probe to allow
insertion of biopsy instrument [21].

The linear EBUS bronchoscope is bulkier and less flexible and has a convex probe at the tip
which provides a 60-80° ultrasound view parallel to the long axis of the scope (Figure 3). It
can be positioned within the main airways and when in contact with the bronchial wall can
assess surrounding lymph nodes and other abnormalities. A 21 or 22-gauge needle can then
be introduced into the working channel within the scope, under real-time ultrasound
guidance, beyond the bronchial wall into the lymph node or lesions for sampling. [20,21]
(Figure 4).

For mediastinal lymph nodes or lesions that are not accessible via the airways, for example
those adjacent to the oesophagus, oesophageal ultrasound-guided fine needle aspiration
(EUS-FNA) using gastro-intestinal endoscopes can be used [22]. When performed with an
EBUS probe, the procedure is called EUS-B [23].

In addition to the ultrasound techniques described above, a further imaging modality that
can be used in the assessment of the pulmonary complications of PID is 2-[(18)F]-fluoro-2-
deoxy-d-glucose positron emission tomography and computed tomography (FDG PET-CT)
scanning. PET-CT is now widely used in assessment of malignancy. However, FDG uptake
occurs in other conditions with high glucose metabolism such as those associated with
inflammation and infection [24]. Although not firmly established as diagnostic modality in
PID, PET-CT may have a role in assessing the amount and volume of functional disease



activity, even in normal-sized lymph nodes (this functional information may therefore be
more useful than CT), and to inform therapeutic response with repeat PET-CT for
comparison [25] (Figure 5). Lesions and mediastinal lymph nodes that demonstrated
increased FDG uptake can also be a helpful guide for EBUS sampling of highly active areas,
for example where the differential diagnosis includes lymphoma.

There is also emerging evidence on new roles of MRI in the assessment of lung disease in
association with PID, mainly due to the advantage of being radiation-free. This is important
due to the frequency of monitoring required in PID-related lung diseases. HRCT is currently
considered the gold standard for diagnosing and monitoring interstitial lung diseases [26],
with the risk of considerable cumulative doses of radiation from repeated CT imaging over a
patient’s lifetime. There is some evidence that MRI can be considered as an alternative as it
is comparable with CT in the assessment of consolidation, bullae, bronchiectasis, bronchial
wall thickening, mucous plugs, nodules and cavities [27]. When used with diffusion
weighted imaging (MRI with DWI, Figure 6), this modality has the ability to detect areas of
active inflammation even before macroscopic changes become visible on conventional
imaging [28]. MRI therefore represents an exciting development in the assessment and
monitoring of lung complications in PID. However, advances are limited by the current low
availability of MRI scanners, higher cost with low spatial resolution, long scanning time
requiring patients’ co-operation and the low accessibility to radiologists specializing in chest
MRI [27, 29].

New Understanding on the Airway Microbiome and Lower Airway Infection:

Until around 2010, and based on results from culture-dependent microbiology, it was
thought that the lower airway was sterile in health. Culture-independent microbiology (16S
RNA sequencing) enabled the first report, in 2010 [30], describing a healthy human airway
microbiome, dominated by species that had not been grown, sought or reported using
lower airway culture. There is now an extensive literature on the airway microbiome in
health and disease [31] with, in general, chronic respiratory disease associate with a
reduction in the diversity of airway flora, particularly an increase in the prevalence of
Proteobacteriaceae — a group comprising species traditionally considered to be respiratory
pathogens such as non-typeable Haemophilus influenzae. For people living with chronic
respiratory disease such as bronchiectasis, acute infections or ‘exacerbations’ of those
conditions are associated with further dysbiosis [32] again typically characterised by a
reduction in the diversity of airway flora.

Currently, most clinical services remain based on culture-dependent methods, increasing
supplemented by molecular techniques. Results need to be interpreted in the light of our
new understanding of the airway microbiome. Thus, for example, the absence of bacterial
growth does not completely exclude bacterial infection, and the presence of a potential
pathogen does not necessarily imply that the organism is driving disease (many patients
with chronic respiratory disease have persistent organisms in sputum, including
Haemophilus. The latter consideration will become more important in relation to culture
independent methods.



A major research question that remains poorly addressed is the nature of the airway
microbiome in people with PID, both before and after intervention such as antibody
replacement. Whilst there is an evolving literature on the presence and implications of
dysbiosis in the gut microbiome in PID [33], there is much less known about the lung [34].

Although recognised as important pathogens in asthma and chronic obstructive pulmonary
disease (COPD) for many years, it is now apparent that respiratory viruses can be isolated in
more than 50% of exacerbations in people with CVID are also likely a significant cause of
these events [35]. The single commonest virus was human rhinovirus, for which there is
currently no effective treatment (or vaccination for those able to make a vaccine response).

Whichever approach to diagnosing respiratory infection is taken, there remains evidence
that people with PID delay commencing antibiotics for respiratory infection [35], risking
delayed recover, increased severity and the development of complications such as
bronchiectasis.

Emerging Therapeutics:

A significant recent development in respiratory medicine has been the demonstration of
efficacy from two anti-fibrotic drugs, pirfenidone [36] and nintedanib [37] in, initially, Usual
Interstitial Pneumonia (UIP) but subsequently more widely including nintedanib in those
with undifferentiated ILD [38]. Whether such approaches are effective in the context of
GLILD remains to be defined.

Revised guidelines for the management of bronchiectasis were published by the European
Respiratory Society in 2017 [39]. One of the challenges in interpreting novel research in
bronchiectasis is that many studies specifically exclude patients with PID-associated
bronchiectasis.

There is increasing evidence to support, and on-going trials to investigate the use of muco-
active therapies in bronchiectasis, as an adjunct to effective airway-clearance
physiotherapy, including both nebulised hypertonic saline and carbocisteine [40]. Drugs
targeting the cystic fibrosis trans-membrane regulator (CFTR) are transforming the
management of CF, and now being explored in non-CF bronchiectasis. Whilst antibiotic
prophylaxis, especially with macrolides, is well established in bronchiectasis, novel ways of
delivering this include directly to the airway via inhalation which may have benefit in
specific patient groups, still to be defined [41]. Bronchiectasis is associated with airway
inflammation, and a further novel approach has been to examine novel anti-inflammatories
in bronchiectasis, including neutrophil elastase inhibitors and anti-cytokine monoclonal
antibodies [42]. Whilst many of these trials have yet to provide outcomes to change the
routine management of bronchiectasis, in part because of the heterogeneity inherent in the
condition, new interest in bronchiectasis research —in large part driven by the European
EMBARC network [43] - is to be broadly welcomed.



Given that many respiratory infections are caused by respiratory viruses, notably human
rhinovirus, the absence of drugs to target rhinovirus infection remains a significant unmet
need.

CONCLUSION

We have considered new approaches to the diagnosis and management of respiratory
manifestations of PID, the latter driven by better understanding of the lung in health and
disease, particularly the concept of the airway microbiome. These advances are welcome,
as are improvements in health through a deeper understanding of the underlying
immunodeficiency disorders permitting personalised therapies, but the core message
remains that pulmonologists must be alert to the possibility of underlying PID in people
presenting with ‘SPUR’ infections and manifestations of breakdown in immune-regulations,
whilst immunologists must be alert to the development of acute and chronic respiratory
complications of PID and remain up-to-date in developments in respiratory medicine.
Ultimately, multi-professional working across respiratory medicine and immunology is likely
to be to the benefit of patient care.

KEY POINTS

e Immunologists and Pulmonologists should be alert to acute and chronic
presentations and complications of respiratory disease in PID

e Better sampling of the lung is available through imaging and endoscopic ultrasound
procedures.

e There are new treatments becoming available in bronchiectasis and interstitial lung
diseases that have relevance to long —term respiratory complications of PID.
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FIGURE LEGENDS

Figure 1: Schematic illustration of changes to resistance (Rrs) and reactance in airway
obstruction. From reference [11], with permission.

Figure 2: (A) A 20-MHz miniature radial probe with the balloon sheath on the tip inflated
with water, inserted through a 2.8-mm working channel of a flexible bronchoscope. (B)
Radial probe ultrasonic image. From reference [21], with permission.

Figure 3: A schematic of a convex probe endobronchial ultrasound (EBUS) system. From
reference [21], with permission.

Figure 4: (A) Convex probe EBUS in the main airway. (B) Ultrasound image shows needle in
lymph node (entering from top right). From reference [21], with permission.

Figure 5: FDG PET-CT pre- and 3 months post-rituximab and mycophenolate treatment. (a)
Maximum intensity projection (MIP) whole body images pre-treatment showing widespread
abnormal uptake of tracer in the lung parenchyma and lymph nodes above and below the
diaphragm. (b) MIP images following treatment show near resolution of all the areas of
abnormal tracer uptake. (c,d) Axial fused PET/CT images at the mid-thoracic level. The level
of FDG uptake is represented by the intensity of colour superimposed upon the CT image. (c)
There is a combination of interstitial septal thickening and ill-defined FDG avid peri-
bronchovascular nodules. (d) Post-treatment images at the same level shows improvement
of the nodularity with near resolution of abnormal FDG uptake within them. (e) Images at
the level of the carina show an enlarged lymph node exhibiting intense abnormal FDG
uptake prior to treatment. (f) Following treatment, the lymph node at this site normalizes in
size and shows no abnormal tracer uptake. (g) Pre-treatment images through the abdomen
at the level of the right renal hilum demonstrate numerous enlarged FDG avid
retroperitoneal lymph nodes. (h) These have reduced in size and FDG uptake following
treatment. From reference [25], permission requested.

Figure 6: Representative MRI with DWI sequences: nodules. (a) MRI BLADE sequence
detecting a nodule (white arrow) at the right lower lobe. (b) Without a DWI corresponding
hotspot. (c) MRI BLADE sequence detecting multiple and bilateral small nodules (white
arrow) of the lower lobes and (d) their corresponding hotspots at DWI assessment (white
arrow). From reference [28] with permission.
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