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Abstract

Chronic Obstructive Pulmonary Disease is the third leading cause of death in the US, and is

associated with periodic exacerbations, which account for the largest proportion of health

care utilization, and lead to significant morbidity, mortality, and worsening lung function. A

subset of patients with COPD have frequent exacerbations, occurring 2 or more times per

year. Despite many interventions to reduce COPD exacerbations, there is a significant lack

of knowledge in regards to their mechanisms and predisposing factors. We describe here

an important observation that defines antibody deficiency as a potential risk factor for fre-

quent COPD exacerbations. We report a case series of patients who have frequent COPD

exacerbations, and who were found to have an underlying primary antibody deficiency syn-

drome. We also report on the outcome of COPD exacerbations following treatment in a sub-

set with of these patients with antibody deficiency. We identified patients with COPD who

had 2 or more moderate to severe exacerbations per year; immune evaluation including

serum immunoglobulin levels and pneumococcal IgG titers was performed. Patients diag-

nosed with an antibody deficiency syndrome were treated with either immunoglobulin

replacement therapy or prophylactic antibiotics, and their COPD exacerbations were moni-

tored over time. A total of 42 patients were identified who had 2 or more moderate to severe

COPD exacerbations per year. Twenty-nine patients had an underlying antibody deficiency

syndrome: common variable immunodeficiency (8), specific antibody deficiency (20), and

selective IgA deficiency (1). Twenty-two patients had a follow-up for at least 1 year after

treatment of their antibody deficiency, which resulted in a significant reduction of COPD

exacerbations, courses of oral corticosteroid use and cumulative annual dose of oral cortico-

steroid use, rescue antibiotic use, and hospitalizations for COPD exacerbations. This case

series identifies antibody deficiency as a potentially treatable risk factor for frequent COPD

exacerbations; testing for antibody deficiency should be considered in difficult to manage
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frequently exacerbating COPD patients. Further prospective studies are warranted to fur-

ther test this hypothesis.

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is the third leading cause of death in the US

since 2008, and the primary contributor to mortality caused by chronic lower respiratory dis-

eases [1]. The World Health Organization predicts that COPD will become the third leading

cause of death worldwide by 2030. In the US, the estimated direct costs of COPD are $29.5 bil-

lion and indirect costs $20.4 billion annually [2].

COPD is associated with periodic respiratory exacerbations that manifest as worsening

lung function and increased dyspnea, cough and sputum production. These acute exacerba-

tions of COPD (AECOPD) are more frequent with increased disease severity and continuation

of tobacco use, occurring 1–3 times per year [3]. AECOPD accounts for the largest proportion

of the total COPD burden on health care utilization [4]. These exacerbations are clearly an

important contributor to quality of life, morbidity and mortality of patients with COPD, and

frequent exacerbations are linked to a more rapid decline in lung function [5]. A subset of

patients with COPD have frequent exacerbations,�2/year. Interestingly, the best-known pre-

dictor of AECOPD in this “frequent exacerbation” phenotype is a prior history of exacerbation

[3]. Strategies to prevent exacerbations currently focus on several aspects including: i) reducing

exposure to offending agents such as tobacco smoke; ii) decreasing lung inflammation and

optimizing airway bronchodilation; and iii) preventing infection using influenza and pneumo-

coccal vaccines [2]. Despite all these interventions, and the well-documented magnitude of

this problem, there remains a significant lack of knowledge in regards to the mechanisms of

AECOPD, especially in frequent exacerbators.

It is estimated that 70–80% of AECOPD are due to respiratory infections; 50% or more are

considered bacterial in nature, mostly caused by encapsulated organisms [6] (e.g. Streptococcus
pneumoniae). Several mechanisms are involved in lung immunity to defend against respiratory

tract infections. These include innate, cellular and humoral immunity. Humoral immunity is

the main defense mechanism against encapsulated organisms, and plays a key role in prevent-

ing respiratory infections. Defects in humoral immunity are associated with a significantly

increased risk of respiratory tract infections, in particular sino-pulmonary infections (rhinosi-

nusitis, otitis, bronchitis, pneumonia), caused by encapsulated bacteria, organisms implicated

in AECOPD. Therefore, we hypothesized that patients with frequent AECOPD may have a

defect in humoral immunity that predisposes them to recurrent respiratory infections and

therefore AECOPD.

Humoral immune defects are a spectrum of diseases that represent the most common pri-

mary immunodeficiency disorders. The adult antibody deficiency syndromes include Com-

mon Variable Immunodeficiency (CVID), selective IgA deficiency (SIgAD), and specific

(functional) antibody deficiency (SAD). The prevalence of antibody deficiencies ranges from

1:500 in SIgAD to about 1:25,000 in CVID. About 32% of patients with CVID develop pneu-

monia, and about 23% develop bronchiectasis [6]; respiratory disease is the most common

cause of death in patients with CVID [7]. Immunoglobulin (IG) replacement therapy is the

mainstay therapy to treat CVID, and it reduces the frequency and severity of respiratory infec-

tions and improves quality of life [8].
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Patients with antibody deficiency syndromes are, therefore, at a significantly increased risk

of infection with a similar spectrum of organisms responsible for AECOPD. Despite this,

there are almost no reports linking AECOPD with the antibody deficiency syndromes. Only

recently, Cowan et al reported a retrospective analysis of 14 cases of COPD patients who were

on IG treatment [9]. They described that IG treatment decreased the frequency of moderate

and severe recurrent AECOPD. Although a subset of patients in this report had low serum

IgG, they did not undergo an evaluation or diagnosis of a humoral immunodeficiency prior to

treatment with IG therapy. Here we hypothesize that antibody deficiency is more prevalent

than expected in patients with frequent AECOPD compared to that of the general population,

and represents an important risk factor for frequent AECOPD.

The diagnosis of the antibody deficiency syndromes can be challenging. Diagnosis relies

on measurement of serum IG levels. However, functional specific antibody deficiency is fre-

quently missed with these screening labs, since the IG levels are usually normal in these

patients. It is imperative to obtain a qualitative, as well as a quantitative, assessment of antibody

function when a defect in humoral immunity is suspected. One of the primary means for

assessment of antibody function relies on documenting an impaired specific antibody response

to polysaccharide vaccines; assessing IgG antibody response to the pneumococcal polysaccha-

ride vaccine (Pneumovax, PPV23) is the most commonly used and best-studied test [10–12].

We present a single center experience identifying a case series of patients with frequent

moderate and severe AECOPD who were diagnosed with humoral immunodeficiency. Fur-

thermore we report that in our cohort of patients with concomitant COPD and immune defi-

ciency treated with either IG therapy or prophylactic antibiotics, a significant reduction in

AECOPD frequency, hospitalizations, use of rescue antibiotics and systemic corticosteroids

was observed.

Materials and methods

Patient selection

The institutional review board of the University of Iowa Hospitals and Clinics approved this

study. The IRB waived the need for written informed consent.

Our study had two arms. Firstly we describe a case series of COPD patients suffering from

frequent exacerbations who had a concomitant diagnosis of immunodeficiency. Secondly we

identify a subset of patients for whom we had data pre and post therapeutic targeting of their

immunodeficiency to determine if this had a significant effect on their exacerbation history.

We identified patients with COPD seen in the authors’ Pulmonary Clinic between January

of 2012 and December of 2014 with 2 or more exacerbations per year and were referred to the

Allergy/Immunology Clinic for immune evaluation. All AECOPD were classified as either

moderate or severe requiring the use of prednisone and/or antibiotics as an outpatient (mod-

erate) or inpatient (severe). All patients had blood tests done to check CBC with differential,

serum Immunoglobulins (IgG, IgA, IgM, IgE), as well as antibody IgG response to the pneu-

mococcal vaccine (PPV23). Additional immune evaluation was performed as directed by their

clinical history. Patients on oral corticosteroids had their serum IGs repeated when off ste-

roids; for patients where oral corticosteroid use could not be discontinued, serum IGs were

repeated on the lowest tolerated dose of oral corticosteroids. Informed consent was not

obtained from patients who were reported in this study since the data was analyzed

anonymously.

Additionally we further identified patients with a concomitant diagnosis of COPD and

immune deficiency by performing a retrospective chart search. This search consisted of all

patients with COPD, who also carried the diagnosis of immunodeficiency (searched for
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immunodeficiency, CVID, antibody deficiency, IgA deficiency), or had any of IgG, IgA, IgM

or pneumococcal IgG titers ordered between January of 2010 and Dec 2014. We recorded the

details of these patients who had at least 2 annual moderate or severe AECOPD.

Patients found not to have documented COPD on PFTs, frequent moderate or severe

COPD exacerbations, or who did not meet diagnostic criteria for immunodeficiency or had

secondary immunodeficiency (e.g malignancy, medications), were excluded.

In an effort to determine if treatment directed at patients immunodeficiency might improve

COPD exacerbation frequency we recorded the following parameters at least one and up to 10

years before and after diagnosis and treatment initiation: number of COPD exacerbations per

year, number of hospitalizations, ICU admissions, annual courses of antibiotics, annual

courses of oral corticosteroids for COPD exacerbations, and the cumulative annual dose of

corticosteroids used for COPD.

Diagnosis of COPD

In subjects with a smoking history the diagnosis of COPD was confirmed by spirometry

(FEV1/FVC<0.70). GOLD classification based on post bronchodilator FEV1 was used to strat-

ify severity of disease. GOLD 1: mild, FEV1�8 0% predicted; GOLD 2: Moderate, 50%�

FEV1 <80% predicted; GOLD 3: Severe, 30%� FEV1 < 50% predicted; and GOLD 4: Very

severe, FEV1<30% predicted. In the absence of PFTs a CT chest with evidence of emphysema

was accepted.

Serum immunoglobulin measurement

Serum samples were assayed for total IgG, IgA, IgM, and IgE by nephelometry on Roche Diag-

nostics (Indianapolis, IN) cobas c701 analyzers in the core clinical chemistry laboratory at the

University of Iowa Hospital and Clinics (UIHC).

Pneumococcal IgG titers measurement

IgG titers to Streptococcus pneumoniae serotypes were sent to ARUP laboratories and pro-

cessed by quantitative multiplex bead assay. Pre and post vaccination samples were used to

determine humoral immune response to the vaccine. Subjects who had received the pneumo-

coccal vaccine with the past 12 months had random titers checked. In our institution the 14

serotype vaccine was changed to the 23 serotype vaccine during the course of our analysis.

Immunophenotyping

Lymphocyte immunophenotyping was performed using flow cytometry at the University of

Iowa Hospital core flow cytometry lab.

Diagnosis of immunodeficiency

Patients were diagnosed with a primary antibody deficiency syndrome per published guide-

lines, as evidenced by a reduction in serum IG levels below standardized reference ranges and/

or inadequate response to pneumococcal vaccination. The diagnosis of common variable

immunodeficiency (CVID) was based on a serum IgG level that is more than 2 SDs below the

mean, with a low serum IgA and/or IgM, and a deficient antibody response to vaccines [11].

The diagnosis of specific antibody deficiency was made based on a deficient IgG antibody

response to PPV23, with normal serum IG levels. Antibody response to PPV23 was interpreted

based on the most recent published consensus parameters [12] (Table 1). The diagnosis of
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selective IgA deficiency was defined as a serum IgA level that is less than 7 mg/dL (lowest

detectable laboratory limit), with normal serum IgG and IgM [11].

Treatment protocol for immunodeficiency

Patients diagnosed with CVID were recommended for treatment with intravenous (IVIG) or

subcutaneous (SCIG) immunoglobulin replacement therapy. IVIG was administered every 3

or 4 weeks, and SCIG was administered every 1 or 2 weeks. The total dose of IVIG or SCIG

ranged from 300 to 600 mg per Kg per 4-week period. Patients diagnosed with specific anti-

body deficiency were recommended treatment with prophylactic antibiotics; the choice of pro-

phylactic antibiotic was either alternating every 2-weeks Trimethoprim/Sulfamethoxazole (1

DS tablet twice daily) and doxycycline (100 mg twice daily), or alternate day azithromycin 250

or 500mg orally on Monday/Wednesday/Friday. Patients were treated with these antibiotics

for the duration of their care. Patients with specific antibody deficiency who continued to have

recurrent infections despite prophylactic antibiotics were started on IG replacement therapy.

Patients with selective IgA deficiency were treated with prophylactic antibiotics only.

Chest computed tomography

The most recent clinical chest CT scan from all patients were read by an expert radiologist

(JN) in a blinded fashion. Comparison was made between patients who required IG replace-

ment therapy versus those who did not. The radiological characteristics that were recorded

included presence of emphysema, bronchiectasis, ground glass opacities and centrilobular

nodules. Emphysema was classified as Centriacinar, Panacinar, Distacinar, and Mixed. Bron-

chiectasis was classified as cylindrical, varicoid, and cystic. These findings were determined in

each lung lobe. Analysis of the results was performed by Chi-square using GraphPad Prism

6.0.

Statistics

Descriptive statistics for the general patient characteristics were computed for all patients, and

by type of therapy. These included frequency counts and percentages for categorical variables,

and mean and standard deviation (SD), or median and interquartile range (IQR) for continu-

ous variables. Patient characteristics and CT scan findings were compared between the therapy

groups using Pearson chi-square or Fisher’s exact test for the categorical variables, and two-

sample t-test or Wilcoxon rank-sum test for the continuous variables. Changes in pulmonary

function test measures before and after treatment of antibody deficiency were assessed using

the paired t-test. Improvement in patient outcomes before and after treatment of antibody

deficiency were tested using Wilcoxon signed-rank test for continuous variables (number

of exacerbations, hospitalizations, prednisone dose, courses of rescue antibiotics), and

Table 1. PPV23-deficient response phenotypes.

Phenotype PPV23 response

Severe �2 protective titers (�1.3 mcg/mL)

Moderate <70% of serotypes are protective (�1.3 mcg/mL)

Mild Failure to generate protective titers to multiple serotypes or failure of a 2-foldincrease in 70%

of serotypesa

a 2-Fold increases assume a prevaccination titer of less than 4 mcg/mL

Adapted from: Orange et al. J Allergy Clin Immunol. 2012; 130(3 Suppl):S1-24.

doi:10.1371/journal.pone.0172437.t001
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McNemar’s test for categorical variables (ICU admission, oxygen use). All statistical analyses

were performed using SAS (version 9.4).

Results

We identified 42 patients with�2 AECOPD per year and had an immune workup performed

for evaluation of antibody deficiency between January 2012 and December 2014. Twenty-eight

patients were identified through the pulmonary clinic as patients on maximal inhaled therapy

for COPD (LABA, LAMA and inhaled corticosteroids) yet were still suffering from frequent

AECOPD and therefore had been referred to Allergy & Immunology for further work up. The

remaining 14 patients were subsequently identified using a retrospective chart search.

Of the 42 patients, 7 were excluded, as there was no documentation of obstructive airways

disease on PFTs and therefore the diagnosis of COPD could not be confirmed upon chart

review. Three patients without PFT evidence for obstructive airways disease had emphysema

on CT and were included. Four patients did not have a confirmed antibody deficiency given

that in spite of documented hypogammaglobulinemia they had an adequate IgG response to

PPV23 vaccination. Two patients had hypogammaglobulinemia but did not have functional

antibody assessment done at the time of writing and were excluded.

We describe a total of 29 patients with poorly controlled COPD as evidenced by�2 moder-

ate to severe AECOPD per year and with documented evidence of an antibody deficiency syn-

drome. Among this group 8 had CVID, 20 had specific antibody deficiency and 1 had selective

IgA deficiency (Fig 1).

Of 8 patients with CVID, 7 were treated with IG replacement while 1 declined IG replace-

ment and received prophylactic antibiotics. Of 20 patients with antibody deficiency, 11 were

treated with prophylactic antibiotics, 2 with IG replacement because of recurrent infections

and COPD exacerbations despite prophylactic antibiotics, and the remaining 7 were diagnosed

with specific antibody deficiency but had yet to be commenced on treatment. The one patient

with selective IgA deficiency was treated with prophylactic antibiotics (Fig 1).

There were marginally more females (n = 16) than males (n = 13) in the immunodeficiency

population with a mean age at diagnosis of 65.8 years (Table 2). Average smoking history in

pack years was 45; smoking history ranged from 15 to 75 pack-years. A total of 8 patients were

current smokers. Although smoking pack-years were significantly higher in the subset of

patients treated with IG replacement, the baseline FEV1 was not significantly different

between the 2 groups. Three patients in the IG replacement group were current smokers,

while 5 patients in the prophylactic antibiotic group were current smokers. Mean FEV1% was

49.3 (13–101) giving a mean GOLD classification of 3 or severe obstructive airways disease.

Reduced immunoglobulin levels and pneumococcal antibody response

in patients with AECOPD

The percentage and median levels of baseline IgG, IgA, and IgM immunoglobulin levels are

shown in Table 2. Nine patients were taking oral corticosteroids at the time of sampling for

immunoglobulin levels, 5 had repeat testing off steroid. The remaining 4 patients had repeat

testing on the lowest dose of oral steroid tolerable (20 mg of prednisone daily in 2 patients, 10

mg of prednisone daily in 2 patients). There was a statistically significant lower IgG level

(p = 0.038) in patients who received immunoglobulin replacement therapy compared to

patients who were treated with prophylactic antibiotics (371 vs 602 mg/dL respectively).

All patients had pneumococcal antibody assessment done prior to the diagnosis of antibody

deficiency. Of the 29 patients who were diagnosed with an antibody deficiency syndrome, 18

had pre/post PPV23 immunization titers done, and 11 patients had random titers done, since

Antibody deficiency in COPD exacerbations
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they had received the pneumococcal vaccine within the past 12 months. low cytometry did not

show abnormalities in the numbers of T and B lymphocytes.

Pulmonary function

Pulmonary function testing (PFTs) was available in 26 of 29 subjects with combined COPD

and immune deficiency. The 3 individuals without available PFTS had radiological evidence of

emphysema. PFTs demonstrated obstructive lung disease with a mean FEV1 of 49.3% consis-

tent with GOLD classification stage 3 i.e severe COPD.

Patients were classified according to GOLD criteria follows: GOLD stage 1 (n = 1); GOLD

stage 2 (n = 11); GOLD stage 3 (n = 11), and GOLD stage 4 (n = 3) (Table 3). Only 9 patients

Fig 1. Classification of patients with COPD and antibody deficiency. 42 patients were identified initially and 1

excluded. Twenty-nine patients were confirmed to have a concomitant diagnosis of COPD with frequent

exacerbations, and an antibody deficiency syndrome (CVID, SAD, SIgAD). Seven of 8 patients with CVID were treated

with IG replacement, 1 patient declined and was treated with prophylactic antibiotics. Eleven of 20 patients with SAD

were treated with prophylactic antibiotics. Those who failed treatment with prophylactic antibiotics (n = 2) were treated

with IG replacement. Seven patients had not received treatment by the time of writing. 1 patient with SIgAD was

treated with prophylactic antibiotics.

doi:10.1371/journal.pone.0172437.g001
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had PFT testing done before and after initiation of treatment for immune deficiency; there was

no change in pulmonary function following treatment (Table 4). There was no significant dif-

ference in FEV1 between patients who were treated with prophylactic antibiotics or immuno-

globulin replacement therapy (Table 2).

CT scan analysis

Out of all the patients with COPD and immunodeficiency, all 8 patients who received IG

replacement had lung CT scans, while only 18 of the non-IG patients had lung CT scans per-

formed. Emphysema was more prevalent in all lung lobes in the IG group compared to the

Table 2. General characteristics of patients with frequent COPD exacerbations and concomitant primary antibody deficiency syndrome (n = 29).

The only statistical difference between patients treated with prophylactic antibiotics versus immunoglobulin replacement therapy was in the smoking history

and serum IgG levels.

Variable All patients

(n = 29)

Prophylactic Antibiotic Therapy

(n = 13)

Immunoglobulin Replacement

Therapy(n = 9)

p-value

Gender (Male) 13 (45%) 6 (46%) 5 (56%) 1.0

Age, mean (SD) 65.8 (7.4) 64.9 (10.1) 66.9 (7.1) 0.622

Age at diagnosis, mean (SD) 61.8 (6.5) 60.8 (7.2) 62.4 (5.8) 0.571

Smoke pack-year, median [IQR] 45 [30–50] 30 [15–45] 50 [45–75] 0.028

Current smokers 8 5 3 NS

FEV1, mean (SD) 49.3 (18.9) 53.4 (22.3) 42.7 (16.2) 0.28

Quantitative immunoglobulins, median—mg/

dL [IQR]

IgG (694–1618) 561 [393–650] 602 [556–734] 371 [285–563] 0.038

IgA (68–378) 106 [47–181] 89 [63–166] 140 [28–196] 1.0

IgM (60–263) 67 [40–116] 79 [50–116] 40 [31–63] 0.142

Quantitative immunoglobulins in normal

range—mg/dL

IgG (694–1618) 6 (24%) 4 (31%) 2 (22%) 0.658

IgA (68–378) 16 (64%) 8 (62%) 5 (56%) 0.779

IgM (60–263) 14 (56%) 8 (62%) 3 (33%) 0.193

IQR = Interquartile range (25th-75th percentile)

doi:10.1371/journal.pone.0172437.t002

Table 3. GOLD classification in patients with COPD, including those who were treated with antibiotics versus immunoglobulin replacement.

Variable, mean (SD) Before Treatment After Treatment Change 95% CI Paired t-test p-value

FVC 72.4 (22.6) 79.3 (20.9) 6.9 (23.6) -11.3, 25.0 0.407

FEV1 45.2 (25.7) 47.8 (19.9) 2.6 (17.5) -10.9, 16.0 0.673

FEV1/FVC 47.4 (13.6) 50.7 (19.9) 3.2 (11.1) -5.3, 11.8 0.410

doi:10.1371/journal.pone.0172437.t003

Table 4. Pulmonary function tests before and after treatment of antibody deficiency in patients with COPD, in the subset of patients where this

was performed (n = 9). There was no significant change following treatment of antibody deficiency.

Total number of patients with PFTs (n = 26) Prophylactic Antibiotic Therapy (n = 12) Immunoglobulin Replacement Therapy (n = 7)

GOLD1 1 (3.8) 1 (8.3) 0

GOLD2 11 (42.3) 5 (41.7) 3 (42.8)

GOLD3 11 (42.3) 5 (41.7) 2 (28.6)

GOLD4 3 (11.5) 1 (8.3) 2 (28.6)

doi:10.1371/journal.pone.0172437.t004
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non-IG (p<0.01). Also, the most common type of emphysema in the IG group was centriaci-

nar in all lobes except for the right upper lobe, whereas distal acinar was more prevalent in the

IG group. Bronchiectasis was present in all lobes. Specifically, the group that did not receive

IG therapy had more bronchiectasis in right upper, right middle, right lower and left lower

lobes compared to the IG therapy group (p = 0.0254) (Fig 1). However the majority, approxi-

mately 90%, were cylindrical, with very few varicoid or cystic, the latter considered more

severe bronchiectasis. Interestingly, the non-IG group had a significantly higher percentage of

bronchiectasis compared to the IG group. Ground glass opacities were not different between

groups. Finally, the IG group had more centrilobular nodules, predominantly in both upper

lobes. These results are within the expected prevalence of CT findings in COPD patients [13].

Reduction in COPD exacerbations with treatment of antibody deficiency

At least 1-year follow up data post initiation of targeted therapy for immune deficiency was

available for 22 patients. With the introduction of targeted therapy the annual rate of

AECOPD fell from 4 (3–6) to 1 (0–2) (p<0.0001). Average annual courses of oral steroid

reduced from 4 (0–12) to 0 (0–1) (p = 0.004) with the overall cumulative annual dose of steroid

(mg) declining from 930 (0–3075) to 0 (0–1) (p = 0.004). Average number of courses of rescue

antibiotics declined from 6 (4–12) to 0 (0–1) (p<0.0001). Hospitalizations for AECOPD fell

from 1 (0–2) to 0 (p = 0.037). Two ICU admissions were recorded prior to initiation of tar-

geted therapy with none recorded following treatment (Table 5).

In patients treated with prophylactic antibiotics only, there was a reduction in the number

of exacerbations (p = 0.004) and courses of rescue antibiotics (p = 0.002). In patients treated

with IG replacement, there was a reduction in exacerbations (p = 0.016), courses of prednisone

(p = 0.031), and courses of rescue antibiotics (p = 0.016); numbers were too small to see a dif-

ference in annual rates of hospital admission for AECOPD pre-treatment 1.5 (1–3) and post-

treatment 0 (0–1.5) (p = 0.25).

In the subgroup of patients receiving IVIG (n = 8) we observed a reduction in annual

courses of steroid from 12 (4.5–12) to 0.5 (0–1.5) (p = 0.031) and annual courses of rescue anti-

biotic from 9 (5.5–12) to 0 (0–1.5) (p = 0.016). Annual acute exacerbations in this group fell

from 4 (3–5.5) to 0.5 (0–1.5) (p = 0.016).

Discussion/Conclusions

COPD is now accepted to be a heterogeneous condition with many varying phenotypes [14,

15]. Defining these phenotypes will enable a more tailored, patient centered treatment

Table 5. Data on exacerbations, hospitalizations, prednisone use, and rescue antibiotic use, before and after treatment of antibody deficiency, in

patients diagnosed with COPD and concomitant antibody deficiency syndrome.

Variable n Before After Change p-valuea

Exacerbations/year, median [IQR]b 18 4 [3–6] 1 [0–2] -3.5 [-5 to -2] <0.0001

Hospitalizations for AECOPD/year 17 1 [0–2] 0 [0–0] -1 [-1 to 0] 0.037

ICU admissions 18 2 (11%) 0 (0%) 0.500

Prednisone cumulative annual dose 12 930 [0–3075] 0 [0–40] -310 [-1990 to 0] 0.031

Average courses of prednisone/year 15 4 [0–12] 0 [0–1] -3 [-11 to 0] 0.004

Average courses of rescue antibiotics/year 19 6 [4–12] 0 [0–1] -6 [-10 to -3] <0.0001

Oxygen use 20 7 (35%) 9 (45%) 0.157

a p-value from Wilcoxon signed-rank test, except ICU admissions and Oxygen use which was from McNemar’s test
b IQR = Interquartile range (25th-75th percentile)

doi:10.1371/journal.pone.0172437.t005

Antibody deficiency in COPD exacerbations

PLOS ONE | DOI:10.1371/journal.pone.0172437 February 17, 2017 9 / 13



approach. The frequent exacerbator phenotype is of particular importance because of the

more rapid decline in lung function and increased utilization of health care resources among

this group [3]. This case series identifies a subset of patients with frequent AECOPD who have

an underlying, clinically significant, humoral immunodeficiency; to our knowledge, this has

not been previously described. This suggests that antibody deficiency is much more common

in patients with frequent AECOPD as compared to the historical norm. It is estimated that the

prevalence of CVID in the general population is ~ 1:25,000; the prevalence of SAD is less well

defined, but is probably at least as common as CVID [16–19]. Selective IgA deficiency has a

prevalence of about 1:500, but the majority of patients with selective IgA deficiency are asymp-

tomatic. Based on this series and our experience, it seems that the prevalence of CVID and

SAD in patients who have frequent AECOPD despite being on maximal medical therapy for

COPD, is much higher than the general population. This would not be unexpected given that

patients with humoral immunodeficiencies develop respiratory infections with similar organ-

isms that are responsible for COPD exacerbations. We therefore demonstrate a sub-phenotype

of COPD patients that frequently exacerbate and who have concomitant humoral immune

deficiency.

Immune deficiency has long been known to be associated with bronchiectasis. Almost all

types of immunodeficiency syndromes can theoretically lead or contribute to bronchiectasis

by increasing the risk of chronic or abnormally frequent and serious sinopulmonary infections

[20, 21]. Humoral immunodeficiencies have been the most studied, and bronchiectasis is one

of the most common complications in patients with antibody deficiency [22–28]. Prevalence

of bronchiectasis has varied from 23% to 65% in patients with common variable immunodefi-

ciency [6, 29]. It is conceivable that in the setting of obstructive airways disease, antibody

deficiency and frequent pulmonary exacerbations, we may have been solely identifying

bronchiectatic patients. We therefore examined all available CT scans from our patient popu-

lation with a blinded radiologist to determine the extent of airways inflammation, emphysema

and bronchiectasis. Our finding of mild bronchiectasis in this group is further evidence to sup-

port our principle hypothesis that these exacerbations were mainly due to COPD and not

bronchiectatic exacerbations. Also, in our group of patients there was no improvement of

PFTs upon the initiation of treatment for immunodeficiency. Quinti et al [8] reported that

upon initiation of treatment for primary antibody deficiency, patients’ lung function had

some improvement. Our result suggests that lung disease in these patients is primarily due to

COPD, a fixed obstructive defect, and not due to primary antibody deficiency or reversible air-

way disease.

The second arm of our study proposes that treatment of the underlying antibody deficiency

disorder (with either immunoglobulin replacement or prophylactic antibiotics) can result in a

clinically meaningful improvement in number of AECOPD, number of hospitalizations for

AECOPD, number of prednisone courses per year, cumulative annual prednisone dose, and

number of courses of rescue antibiotics. It could be argued that our population had incentive

to quit smoking following a diagnosis of immunodeficiency and this might contribute to the

reduction in rate of exacerbation. Eight of 22 patients were current smokers in our treated

population for whom we observed similar improvements in exacerbation rate and rescue med-

ication usage compared to ex-smokers (n = 14). While the numbers are too small to draw any

concrete conclusions we can say that smoking status is unlikely to have been a confounder in

our group.

As expected, the lung function and oxygen use did not change with treatment. Recently, a

clinical trial using daily azithromycin also demonstrated a reduction in AECOPD frequency

[30]. While the authors of this study consider the anti-inflammatory effect of azithromycin,

our results raise the possibility that the beneficial effects are also from treating patients with
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concomitant humoral immunodeficiency. Despite the evidence that use of continuous prophy-

lactic antibiotics results in a clinically significant benefit in reducing AECOPD [31], it is

unclear how to select the patients that will benefit from this intervention [32]. This study there-

fore highlights some additional diagnostic avenues for these difficult to treat patients.

There are limitations to this study principally that it is a retrospective observational single

center study, and there are no matched controls. AECOPD events are difficult to differentiate

from primary bronchiectatic exacerbations. However, the presence of mild bronchiectasis on

CT and the lack of PFT improvement after initiation of IG or rotating antibiotics supports that

these events were mainly AECOPD. Our center is also a tertiary referral center for both diffi-

cult to treat COPD and immunodeficiency disorders, and so a referral bias may over-represent

the coexistence of these pathologies. This is a highly selective group of patients who were

found to have an unusual number of exacerbations as recognized by experienced pulmonary

physicians.

For future directions, this important finding requires to be tested prospectively in a large

cohort of well-characterized COPD patients, starting with the assessment of the prevalence of

antibody deficiency syndromes in patients known to have frequent AECOPD, compared to a

control group of patients with COPD who do not have frequent exacerbations and monitor

their clinical response to antibody deficiency treatment.

In spite of its limitations, this study raises the important awareness of the coexistence of

these two conditions, thereby reporting for the first time a potentially important treatable

cause of frequent exacerbations in COPD patients. In addition, our results are consistent with

the recent report by Cowan et al demonstrating a reduction of AECOPD with IG treatment

[9]. Conversely, in this case series, we have obtained a diagnostic immune evaluation, and ini-

tiated treatment with IG replacement or prophylactic antibiotics for patients who received a

diagnosis of a humoral immunodeficiency. This case series provides a diagnostic approach to

identify patients with immunodeficiency, it is a larger cohort than Cowan et al [9], and dem-

onstrates that treatment of patient with IG or rotating antibiotics reduces frequency and sever-

ity of AECOPD. While we cannot recommend testing for immunodeficiency in patients with

AECOPD, it seems reasonable to consider this differential diagnosis in those patients who

have frequent and severe exacerbations despite maximal pulmonary therapy.

Author Contributions

Conceptualization: AA AC.

Data curation: BM AA AC.

Formal analysis: AA AC BM MBZ.

Investigation: AA AC.

Methodology: AA AC BM ZB.

Project administration: AA.

Resources: AA AC.

Software: MBZ.

Supervision: AA.

Validation: AA MBZ.

Visualization: BM AA.

Antibody deficiency in COPD exacerbations

PLOS ONE | DOI:10.1371/journal.pone.0172437 February 17, 2017 11 / 13



Writing – original draft: BM.

Writing – review & editing: AA BM AC ZB JN.

References
1. Centers for Disease C, Prevention. Chronic obstructive pulmonary disease among adults—United

States, 2011. MMWR Morb Mortal Wkly Rep. 2012; 61(46):938–943. PMID: 23169314

2. Vestbo J, Hurd SS, Agusti AG, Jones PW, Vogelmeier C, Anzueto A, et al. Global strategy for the diag-

nosis, management, and prevention of chronic obstructive pulmonary disease: GOLD executive sum-

mary. Am J Respir Crit Care Med. 2013; 187(4):347–365. doi: 10.1164/rccm.201204-0596PP PMID:

22878278

3. Hurst JR, Vestbo J, Anzueto A, Locantore N, Müllerova H, Tal-Singer R, et al. Susceptibility to exacer-

bation in chronic obstructive pulmonary disease. N Engl J Med. 2010; 363(12):1128–1138. doi: 10.

1056/NEJMoa0909883 PMID: 20843247

4. Pasquale MK, Sun SX, Song F, Hartnett HJ, Stemkowski SA. Impact of exacerbations on health care

cost and resource utilization in chronic obstructive pulmonary disease patients with chronic bronchitis

from a predominantly Medicare population. Int J Chron Obstruct Pulmon Dis. 2012; 7:757–764. doi: 10.

2147/COPD.S36997 PMID: 23152680

5. Wedzicha JA, Brill SE, Allinson JP, Donaldson GC. Mechanisms and impact of the frequent exacerbator

phenotype in chronic obstructive pulmonary disease. BMC Med. 2013; 11:181. doi: 10.1186/1741-

7015-11-181 PMID: 23945277

6. Gathmann B, Mahlaoui N, Gerard L, Oksenhendler E, Warnatz K, Schulze I, et al. Clinical picture and

treatment of 2212 patients with common variable immunodeficiency. The Journal of allergy and clinical

immunology. 2014; 134(1):116–126. doi: 10.1016/j.jaci.2013.12.1077 PMID: 24582312

7. Resnick ES, Cunningham-Rundles C. The many faces of the clinical picture of common variable

immune deficiency. Curr Opin Allergy Clin Immunol. 2012; 12(6):595–601. doi: 10.1097/ACI.

0b013e32835914b9 PMID: 23026770

8. Quinti I, Soresina A, Spadaro G, Martino S, Donnanno S, Agostini C, et al. Long-term follow-up and out-

come of a large cohort of patients with common variable immunodeficiency. J Clin Immunol. 2007; 27

(3):308–316. doi: 10.1007/s10875-007-9075-1 PMID: 17510807

9. Cowan J, Gaudet L, Mulpuru S, Corrales-Medina V, Hawken S, Cameron C et al. A Retrospective Lon-

gitudinal Within-Subject Risk Interval Analysis of Immunoglobulin Treatment for Recurrent Acute

Exacerbation of Chronic Obstructive Pulmonary Disease. PLoS One. 2015; 10(11):e0142205. doi: 10.

1371/journal.pone.0142205 PMID: 26558756

10. Azar AE, Ballas ZK. Evaluation of the adult with suspected immunodeficiency. Am J Med. 2007; 120

(9):764–768. doi: 10.1016/j.amjmed.2006.12.013 PMID: 17765042

11. Bonilla FA, Bernstein IL, Khan DA, Ballas ZK, Chinen J, Frank MM et al. Practice parameter for the diag-

nosis and management of primary immunodeficiency. Ann Allergy Asthma Immunol. 2005; 94(5 Suppl

1):S1–63. PMID: 15945566

12. Orange JS, Ballow M, Stiehm ER, Ballas ZK, Chinen J, De La Morena M et al. Use and interpretation of

diagnostic vaccination in primary immunodeficiency: a working group report of the Basic and Clinical

Immunology Interest Section of the American Academy of Allergy, Asthma & Immunology. J Allergy

Clin Immunol. 2012; 130(3 Suppl):S1–24. doi: 10.1016/j.jaci.2012.07.002 PMID: 22935624

13. Lynch DA, Austin JH, Hogg JC, Grenier PA, Kauczor HU, Bankier AA, et al. CT-Definable Subtypes of

Chronic Obstructive Pulmonary Disease: A Statement of the Fleischner Society. Radiology. 2015; 277

(1):192–205. doi: 10.1148/radiol.2015141579 PMID: 25961632

14. Agusti A, Calverley PM, Celli B, Coxson HO, Edwards LD, Lomas DA et al. Characterisation of COPD

heterogeneity in the ECLIPSE cohort. Respir Res. 2010; 11:122. doi: 10.1186/1465-9921-11-122

PMID: 20831787

15. Han MK, Agusti A, Calverley PM, Celli BR, Criner G, Curtis JL et al. Chronic obstructive pulmonary dis-

ease phenotypes: the future of COPD. Am J Respir Crit Care Med. 2010; 182(5):598–604. doi: 10.

1164/rccm.200912-1843CC PMID: 20522794

16. Aghamohammadi A, Moin M, Karimi A, Naraghi M, Zandieh F, Isaeian A, et al. Immunologic evaluation

of patients with recurrent ear, nose, and throat infections. Am J Otolaryngol. 2008; 29(6):385–392. doi:

10.1016/j.amjoto.2007.11.007 PMID: 19144299

17. Boyle RJ, Le C, Balloch A, Tang ML. The clinical syndrome of specific antibody deficiency in children.

Clin Exp Immunol. 2006; 146(3):486–492. doi: 10.1111/j.1365-2249.2006.03242.x PMID: 17100769

Antibody deficiency in COPD exacerbations

PLOS ONE | DOI:10.1371/journal.pone.0172437 February 17, 2017 12 / 13

http://www.ncbi.nlm.nih.gov/pubmed/23169314
http://dx.doi.org/10.1164/rccm.201204-0596PP
http://www.ncbi.nlm.nih.gov/pubmed/22878278
http://dx.doi.org/10.1056/NEJMoa0909883
http://dx.doi.org/10.1056/NEJMoa0909883
http://www.ncbi.nlm.nih.gov/pubmed/20843247
http://dx.doi.org/10.2147/COPD.S36997
http://dx.doi.org/10.2147/COPD.S36997
http://www.ncbi.nlm.nih.gov/pubmed/23152680
http://dx.doi.org/10.1186/1741-7015-11-181
http://dx.doi.org/10.1186/1741-7015-11-181
http://www.ncbi.nlm.nih.gov/pubmed/23945277
http://dx.doi.org/10.1016/j.jaci.2013.12.1077
http://www.ncbi.nlm.nih.gov/pubmed/24582312
http://dx.doi.org/10.1097/ACI.0b013e32835914b9
http://dx.doi.org/10.1097/ACI.0b013e32835914b9
http://www.ncbi.nlm.nih.gov/pubmed/23026770
http://dx.doi.org/10.1007/s10875-007-9075-1
http://www.ncbi.nlm.nih.gov/pubmed/17510807
http://dx.doi.org/10.1371/journal.pone.0142205
http://dx.doi.org/10.1371/journal.pone.0142205
http://www.ncbi.nlm.nih.gov/pubmed/26558756
http://dx.doi.org/10.1016/j.amjmed.2006.12.013
http://www.ncbi.nlm.nih.gov/pubmed/17765042
http://www.ncbi.nlm.nih.gov/pubmed/15945566
http://dx.doi.org/10.1016/j.jaci.2012.07.002
http://www.ncbi.nlm.nih.gov/pubmed/22935624
http://dx.doi.org/10.1148/radiol.2015141579
http://www.ncbi.nlm.nih.gov/pubmed/25961632
http://dx.doi.org/10.1186/1465-9921-11-122
http://www.ncbi.nlm.nih.gov/pubmed/20831787
http://dx.doi.org/10.1164/rccm.200912-1843CC
http://dx.doi.org/10.1164/rccm.200912-1843CC
http://www.ncbi.nlm.nih.gov/pubmed/20522794
http://dx.doi.org/10.1016/j.amjoto.2007.11.007
http://www.ncbi.nlm.nih.gov/pubmed/19144299
http://dx.doi.org/10.1111/j.1365-2249.2006.03242.x
http://www.ncbi.nlm.nih.gov/pubmed/17100769


18. Carr TF, Koterba AP, Chandra R, Grammer LC, Conley DB, Harris KE, et al. Characterization of specific

antibody deficiency in adults with medically refractory chronic rhinosinusitis. Am J Rhinol Allergy. 2011;

25(4):241–244. doi: 10.2500/ajra.2011.25.3653 PMID: 21819760

19. Javier FC 3rd, Moore CM, Sorensen RU. Distribution of primary immunodeficiency diseases diagnosed

in a pediatric tertiary hospital. Ann Allergy Asthma Immunol. 2000; 84(1):25–30. doi: 10.1016/S1081-

1206(10)62736-6 PMID: 10674561

20. King P. T., Hutchinson P., Holmes P. W., Freezer N. J., Bennett-Wood V., Robins-Browne R., et al.

Assessing immune function in adult bronchiectasis. Clinical and Experimental Immunology 144: 440–

446 doi: 10.1111/j.1365-2249.2006.03091.x PMID: 16734613

21. Truong Tho. The Overlap of Bronchiectasis and Immunodeficiency with Asthma. Immunol Allergy Clin

N Am 33 (2013) 61–78

22. van Kessel D.A., van Velzen-Blad H., van den Bosch J.M.M. and Rijkers G.T.. Impaired pneumococcal

antibody response in bronchiectasis of unknown aetiology. Eur Respir J 2005; 25: 482–489 doi: 10.

1183/09031936.05.00073204 PMID: 15738292

23. Tabatabaie P, Aghamohammadi A, Mamishi S, Isaeian A, Heidari G, Abdollahzade S,et al. Evaluation

of Humoral Immune Function in Patients with Bronchiectasis. Iran J Allergy Asthma Immunol. June

2008; 7(2): 69–77 PMID: 18552408

24. Gharagozlou M, Ebrahimi FA, Farhoudi A, Aghamohammadi A, Bemanian MH, Chavoshzadeh Z, et al.

Pulmonary complications in primary hypogammaglobulinemia: a survey by high resolution CT scan.

Monaldi Arch Chest Dis. 2006 Jun; 65(2):69–74. doi: 10.4081/monaldi.2006.567 PMID: 16913576

25. Costa-Carvalho BT, Wandalsen GF, Pulici G, Aranda CS, Solé D. Pulmonary complications in patients
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