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dardized. The aim of this study was to clarify the utility of serum IgG (sIgG) and IgA (sIgA) antibodies to
bird antigens in screening and diagnosing acute/chronic bird-related HP with ImmunoCAP® in multi-
centre clinical research.

Methods: We executed a clinical performance test by conducting a multi-institutional study to measure

gfg’;v‘;’;gzen the levels of sIgG/sIgA against pigeon, parrot and budgerigar antigens by the ImmunoCAP® system in 29
H e . acute and 46 chronic bird-related HP patients.
ypersensitivity pneumonitis ) X . X L. X X
ImmunoCAP® Results: The levels of sIgG/sIgA against the bird antigens of the three species were significantly higher in
Screening subjects with acute bird-related HP and chronic bird-related HP with acute episodes (recurrent type)
Specific antigen than in the control subjects. For sIgG, the optimal cutoff values by receiver operating characteristic (ROC)
analysis were 24.6 mgA/L for pigeon, 14.0 mgA/L for parrot, and 8.7 mgA/L for budgerigar. By measuring
Abbreviations: multiple bird antigens and combining sIgG values of two species, the sensitivity and specificity for acute
AUC, area under the curve; BRHP, bird- and recurrent-type chronic bird-related HP patients were 85—91% and 73—80%, respectively. For
related hypersensitivity pneumonitis; recurrent and insidious types of chronic bird-related HP, the sensitivity and specificity were 48—61% and
CI, confidence interval; CRP, C-reactive 73—80%, respectively.
protein; CT, computed tomography; Conclusions: Measurement of the levels of sIgG/sIgA against pigeon, budgerigar and parrot antigens by
ELISA, enzyme-linked immunosorbent ImmunoCAP® was useful for screening and diagnosis in bird-related HP.

assay; HP, hypersensitivity pneumonitis;
HRCT, high-resolution computed
tomography; ILD, interstitial lung disease;
IPF, idiopathic pulmonary fibrosis;

IQR, interquartile range; KL-6, Krebs von
den Lungen-6; NPV, negative predictive
value; PPV, positive predictive value;
ROC, receiver operating characteristic;
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sIgA, serum IgA; sIgG, serum IgG; SP-
D, surfactant protein D

Introduction

Hypersensitivity pneumonitis (HP) is an immune-mediated
interstitial lung disease (ILD) with Gell and Coomb type III
(immunocomplex-mediated) and type IV (cell-mediated) reactions
to specific antigens. HP is classified into acute and chronic ac-
cording to the clinical presentation, and chronic HP is further
subgrouped into the recurrent type and insidious type. Patients
with recurrent chronic HP have recurrent but gradually diminished
acute episodes, including mild dyspnoea on exertion, cough, and
low-grade fever; however, patients with insidious chronic HP have
a slowly progressive course without acute episodes."?

Causative antigens include animal-derived proteins, such as bird
antigens; fungi/bacteria; and inorganic materials, such as isocyanate.
Bird antigens can exist in places close to humans because bird-related
HP develops by not only direct exposure due to bird breeding but also
the use of feather products, such as duvets and down jackets®; the use
of chicken fertilizer in gardens®; bird breeding by neighbours; and
other indirect exposures to bird antigens. Therefore, among the HP
antigens, bird antigens are some of the most frequent inciting anti-
gens in patients with chronic bird-related HP.%’

The diagnosis of patients with acute bird-related HP is relatively
simple when they breed birds and have typical high-resolution
computed tomography (HRCT) findings. However, in some cases,
patients have two or more causative environmental factors in their
occupations, home environments or hobbies.®? In those cases, the
detection of specific antibodies is useful for identifying antigen
exposure.

Distinguishing chronic HP from idiopathic pulmonary fibrosis
(IPF)'° and other fibrosing interstitial lung disease is extremely diffi-
cult because of similar clinical, radiological and pathological features
among these diseases. It is important to discriminate between these
ILDs because the treatment strategies are completely distinct. When
the titres of specific antibodies against bird antigens are high, it could
be a clue to suspect a bird-related HP. Furthermore, disease progres-
sion could be decelerated by discontinuing bird breeding, avoiding
the bird-colonized environment, discarding feather products, etc.

In summer-type HP, the measurement of slgG by antigen-
conjugated ELISA against Trichosporon asahii, the causative anti-
gen, began being covered by health insurance in 2013 and is widely
used clinically in Japan.!! slgG against various bird antigens can also
be measured by Thermo Fisher Scientific, Uppsala, Sweden, using a
kit for measuring sIgG/serum IgA (sIgA) against pigeon, parrot and
budgerigar antigens with the InmunoCAP® system.'” We analysed
the usefulness of antibody measurement by ImmunoCAP® for
acute and chronic bird-related HP in a single-centre study. In
chronic HP, the sensitivity and specificity of sIgG against pigeon and
budgerigar antigens were 27% and 100%, respectively, indicating its
usefulness for confirming diagnosis in patients with presumed
chronic bird-related HP."®

Based on this information, the measurement of bird-specific
antibodies is expected to be standardized in the screening and
diagnosis of HP. Next, we conducted clinical performance testing of
slgG and sIgA antibodies against pigeon, parrot, and budgerigar
antigens in a multi-institutional study.

Methods
Subjects

Seventy-five patients with bird-related HPs (29 with acute HP,
46 chronic with HP; 17 cases of recurrent type and 29 cases of

insidious type), 64 patients with control diseases, and 146 healthy
subjects were included in this study from 9 tertiary hospitals
(Tokyo Medical and Dental University, Fukushima Medical Univer-
sity, Saitama Cardiovascular and Respiratory Center, Tenri Hospital,
Kanagawa Cardiovascular and Respiratory Center, Tosei General
Hospital, Jichi Medical University, JR Tokyo General Hospital, and
Hamamatsu University). The study was approved by the Ethics
Committee of Tokyo Medical and Dental University (approval date,
Oct 3, 2012; approval no. M2000-1271). We obtained consent from
the participants, including patients, after providing information
concerning the implementation of this study and ensuring oppor-
tunities to withdraw such consent. All participants signed an
informed consent form for participation in the study.

Acute bird-related HP was diagnosed upon meeting all of the
following criteria. (1) Exposure to bird antigens is evident. (2)
Serum levels of CRP, KL-6, and SP-D are increased. (3) Chest CT
images show diffuse micronodular or ground-glass opacities on
both lungs."*

Chronic bird-related HP was diagnosed, in addition to the above
(1) and (2), based on (4) chest CT images showing fibrosis. Chronic
bird-related HP was grouped into two subgroups: recurrent type
and insidious type. The recurrent type was characterized by pro-
gressive pulmonary fibrosis with recurrent symptoms, including
mild exertional dyspnoea, cough, and low-grade fever, reproduced
by environmental provocation. The insidious type was character-
ized by progressive pulmonary fibrosis without symptoms. Patients
receiving treatment with steroids and HP patients with unidenti-
fied causative antigens were excluded from the study."”

Measurement of serum IgG and IgA antibodies

Serum was collected by venous blood sampling and stored
at —80 °C. slgG and slIgA antibodies against pigeon, parrot and
budgerigar antigens were measured by the ImmunoCAP® system
from Thermo Fisher Scientific. Measurements are expressed in
mgA/L according to the instructions of the manufacture, where the
letter A represents antigen-specific antibodies.

Statistics

Statistical significance tests and ROC analyses were performed
with IBM SPSS Statistics (ver. 25). The differences in titres of anti-
bodies among groups were analysed by the Mann—Whitney U test
and the Kruskal—Wallis test, and less than 5% was determined to be
significant. The sensitivity, specificity, positive rate and correlation
were analysed using Microsoft Excel 2013.

Results
Patient characteristics

The patient characteristics are shown in Table 1. Of the 64 pa-
tients with control diseases, 15 had idiopathic interstitial pneu-
monias, 4 had IPF, 24 had collagen vascular disease-related
interstitial pneumonia, 10 had summer-type HP, 1 had humidifier
lung, and 10 had other interstitial pneumonia. In the acute and
chronic bird-related HP groups, 8 out of 29 cases (27.6%) in the
acute bird-related HP group and 3 out of 46 cases (6.5%) in the
chronic bird-related HP group had a history of raising birds. There
were no significant differences in median age between the acute
and chronic bird-related HP groups and the control disease group.
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Table 1
Demographic and biological characteristics of patients and controls.
Acute BRHP Chronic BRHP Control
n Recurrent type n Insidious type n n
Number of patients 29 17 29 64
Male sex, n (%) 10 (34) 8 (47%) 18 (62%) 35 (55%)
Age, years, median (IQR) 60 (51-72) 72 (55—74) 71 (64—77) 66 (60—73)
KL-6, U/ml, median (IQR) 3285 (1495—-6193) 28 2580 (784—4891) 17 823 (594—1470) 29 1091 (675—1816) 57
SP-D, ng/ml, median (IQR) 519 (191-713) 22 281 (129-433) 13 176 (101-387) 27 171 (103-330) 45
CRP, mg/dl, median (IQR) 0.3 (0.1-1.2) 27 0.7 (0.0-2.0) 15 0.1 (0.0-0.6) 29 0.3 (0.1-1.5) 60

BRHP: bird-related hypersensitivity pneumonitis. HP: hypersensitivity pneumonitis. IQR: interquartile range.

Median serum levels of KL-6 were significantly higher in the acute
bird-related HP group than in the control disease group; however,
there was no difference compared with that in the chronic bird-
related HP group. The levels of CRP did not show significant dif-
ferences among the groups.

Distribution of antibody titres

slgG and slgA antibodies in the acute bird-related HP group and
the chronic recurrent HP group were significantly higher for the pi-
geon, parrot and budgerigar antigens than in the other groups,
including 15 cases of idiopathic interstitial pneumonia, 4 cases of IPF,
24 cases of collagen vascular disease-related interstitial pneumonia,
10 cases of summer-type HP, one case of humidifier lung, and 10 cases
of other ILD (p < 0.05). Furthermore, in the chronic insidious HP group,
neither slgG nor slgA showed any difference from those in the control
disease group for any of the three antigens (Fig. 1).

Cutoff values

Based on ROC analyses between the bird-related HP with acute
episode group (acute and chronic recurrent bird-related HP) and
the control disease group, the area under the curve (AUC) of sigG
was 0.8 or more (0.85—0.90) for any antigen, but that of specific IgA
was less than 0.8 (0.71—0.76) (Fig. 2). The optimal cutoff value of
slgG for pigeon was 24.6 mgA/L, the sensitivity was 70%, and the
specificity was 86%. For parrot, the optimal cutoff value was 14.0
mgA/L, the sensitivity was 91%, and the specificity was 77%.
Budgerigar was set to 8.7 mgA/L, the sensitivity was 74%, and the
specificity was 89% (Table 2). sIgA optimal cutoff values were 4.2
mgA/L for pigeon, 4.3 mgA/L for parrot and 5.0 mgA/L for budger-
igar; the sensitivity was 46—65%, and the specificity was 71—-98%.
The AUC from the ROC analysis between chronic insidious bird-
related HP and the control disease group was less than 0.61;
therefore, the optimal cutoff could not be defined. The sensitivity
for the insidious type of chronic bird-related HP by the cutoff from
the ROC analysis between acute and chronic recurrent bird-related
HP and control disease was 21—45%.

In both types of chronic bird-related HP regardless of the pres-
ence or absence of acute episodes, the sensitivity and specificity
were 33—61% and 77—89%, respectively (Table 3). When the 97.5th
percentile sIgG titre of the control disease group was used, the
cutoff values were 36.6 mgA/L for pigeon, 41.7 mgA/L for parrot, and
19.5 mgA/L for budgerigar, and the sensitivity and specificity were
15—24% and 98%, respectively.

Utility of the measurement of the three bird antigens

The correlations of the sIgG titres among the three bird antigens
were evaluated for the acute bird-related HP group, the chronic
bird-related HP group (recurrent and insidious), and the control
disease group (Fig. 3). slgG showed a high correlation for the

pigeon, parrot and budgerigar antigens (correlation coefficient
0.92—0.97).

A positive result was defined as when either one of any two
species of antigens from the three species was positive. When both
were negative, the result was defined as negative. Based on this
definition, the sensitivity according to the optimal cutoff value
calculated by ROC analysis was 85—91% for the acute and recurrent
chronic bird-related HP groups, and the specificity was 73—80%
(Table 4). Both types of chronic bird-related HP were evaluated
based on the same definition, and the sensitivity and specificity
were 48—61% and 73—80%, respectively (Table 3). For sIgA, a high
correlation (correlation coefficient 0.92—0.97) was observed among
the three antigens. When performing the same evaluation for acute
and recurrent-type chronic bird-related HP, the sensitivity was
65—74%, and the specificity was 69—78%.

Utility of the measurement of the sIgG and sIgA classes

The titres of sIgG and sIgA against the same antigen had a
relatively high correlation for the three antigens (correlation co-
efficient 0.70—0.77). The evaluation was determined as positive
when either slgG or sIgA was positive, and the evaluation was
determined as negative when both sIgG and sIgA were negative.
Based on the evaluation, the sensitivity and specificity were
74—96% and 65—91%, respectively. Using the sum of the sIgG and
sIgA titres against the same antigen, ROC analysis of the acute bird-
related HP group and chronic recurrent-type bird-related HP
showed an AUC of 0.85—0.89 (95% confidence interval (CI):
0.78—0.95). The results were similar to those of specific IgG alone
(AUC: 0.85—0.89, 95% CI: 0.76—0.96).

Discussion

In the present study, we conducted multi-institutional research
to evaluate the clinical performance of measurement of the levels of
slgG and sIgA antibodies against pigeon, parrot and budgerigar
antigens by the InmunoCAP® system.

In the acute bird-related HP group and in the chronic recurrent-
type bird-related HP group, sigG and sIgA levels were significantly
higher for all three bird antigens than in the other groups. The
cutoff value was different from that our previous study,”> which
was a single-centre analysis. This difference was mainly due to the
classifications in the disease group. In this study, we classified both
acute and recurrent-type chronic BRHP into the acute episode
group, whereas this group included only acute patients in the
previous study. The results implied that measurement of sIgG/sIgA
was an excellent assessment method for not only acute bird-related
HP but also chronic bird-related HP with acute episodes (recurrent
type) when discriminating HP from other ILDs. Based on the cutoff
values of sIgG from ROC analysis between these groups and by
measuring multiple bird antigens and combining the results of two
species, the diagnostic values of slgG showed high sensitivity and
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Fig. 1. Titres determined by ImmunoCAP® of serum IgG (A) and IgA (B) against pigeon, parrot and budgerigar antigens in acute bird-related hypersensitivity pneumonitis patients
(n = 29), recurrent-type chronic bird-related hypersensitivity pneumonia patients (n = 17), insidious-type chronic bird-related hypersensitivity pneumonia patients (n = 29),
control disease subjects (n = 64), and healthy donors (n = 146). The data were analyzed by the Mann—Whitney U Test. ***p < 0.001, **p < 0.01, *p < 0.05. The specific IgG titre for all
antigens in acute and recurrent-type chronic BRHP patients was significantly higher than that in healthy donors (p < 0.001; not indicated), and compared with that in the insidious
group, only the titre for parrot showed a statistically significant difference (p < 0.001; not indicated). The specific IgA titre for all antigens in acute and chronic (recurrent and
insidious types) BRHP patients was significantly higher than that in healthy donors (p < 0.001; parrot and budgerigar, p < 0.05; pigeon; not indicated). BRHP, bird-related hy-

persensitivity pneumonitis.

specificity, 85—91% and 73—80%, respectively, indicating that this
approach is useful for screening and diagnosing bird-related HP
with acute episodes.

Considering the superiority between sIgG and sIgA, the titre of
slgG was higher and had better performance regarding both
sensitivity and specificity than sIgA for all three bird antigens, as
well as the specific IgG antibody in the acute bird-related HP group
and the chronic recurrent bird-related HP group. The correlation
between the sIgA and sIgG antibody titres was good (correlation
coefficient 0.70—0.77), and the AUCs obtained by ROC analysis us-
ing the sum of sIgG and sIgA titres were comparable to the results
for the titre of sigG alone. Therefore, the clinical significance of
measuring sIgA in addition to sIgG was considered to be reduced.

On the other hand, there was no significance in any results for
the chronic insidious bird-related HP group compared to the

control disease group. For chronic insidious bird-related HP, our
previous report revealed that the positive rate of sIgG against
bird antigens was only 35% (6 of 17 cases),' and in this study, the
positive rates of sigG were relatively low at 21% for pigeon, 45%
for parrot and 28% for budgerigar. This result may be explained
by the involvement of the immune response in HP without
specific antibodies, i.e., the role of cellular immunity in the
pathophysiology.

However, for both types of chronic bird-related HP regardless of
the presence or absence of acute episodes, the sensitivity of slgG
was increased to 48—61% by combining the results of two bird
species. This approach is not sufficient for a single screening test of
chronic bird-related HP, though it is the only examination available
in clinical practice. Furthermore, the sensitivity can be increased by
combining other screening methods, such as questionnaires or

Please cite this article as: Shirai T et al., Screening and diagnosis of acute and chronic bird-related hypersensitivity pneumonitis by serum IgG
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Fig. 2. ROC curves for the titres of serum IgG (A) and IgA (B) against pigeon, parrot and budgerigar antigens for acute and recurrent-type chronic bird-related hypersensitivity
pneumonitis.

Table 2
Diagnostic accuracy of serum IgG antibody against three bird antigens for acute/
chronic bird-related hypersensitivity pneumonitis with acute episodes.

Cutoff value, mgA/L Sensitivity, % Specificity, % PPV, % NPV, %

Pigeon 24.6 70 86 78 80
Parrot 14.0 91 77 74 92
Budgerigar 8.7 74 89 83 83

The cutoff value was calculated by ROC analysis between acute/recurrent-type
chronic BRHP (n = 46) and control disease patients (n = 64).
NPV, negative predictive value; PPV, positive predictive value.

interviews focused on exposure to birds. Additionally, based on the
97.5th percentile titre of the control groups, the specificity and
positive predictive value of sIgG for both types of chronic bird-
related HP were high, at 98% and 88—92%, respectively.

In bird-related HP, it is known that an antigen-specific immune
response is produced even for different species of birds. On the
other hand, it has been suggested that cross-antigenicity exists'>'%
because the amino acid sequence is conserved among bird spe-
cies.!” Although evidence of cross-antigenicity between bird spe-
cies in a clinical setting is lacking, we considered that patients
should avoid contact with all kinds of birds, including those to
which they have not previously been exposed. In our previous
study comparing sIgG/sIgA against various bird species, pigeons
and budgerigars, and both slgG and IgA showed a high correlation
between the two bird antigens.” In this study, both slgG and sIgA
had high correlations with pigeon, parrot, and budgerigar antigens,
indicating cross-antigenicity among bird species. Furthermore,
measuring sIgG against multiple species simultaneously is useful,
as single-positive cases were found in the individual data of the
study. Actually, the sensitivity of sIgG using the optimal cutoff from

Table 3

Diagnostic accuracy of serum IgG in all types of chronic bird-related hypersensitivity pneumonitis with cutoff values from ROC analysis with a single or a combination of bird

antigens.

Cutoff value from ROC analysis, mgA/L Sensitivity, % Specificity, % PPV, % NPV, %

Pigeon 24.6 33 86 63 64
Parrot 14.0 61 77 65 73
Budgerigar 8.7 43 89 74 69
Pigeon/Budgerigar 48 80 63 68
Pigeon/Parrot 61 75 64 73
Parrot/Budgerigar 61 73 62 72

The cutoff value was derived from the ROC analysis between acute/recurrent-type chronic BRHP (n = 46) and control disease patients (n = 64). NPV, negative predictive value;
PPV, positive predictive value. Diagnostic accuracy with the combination of antigens was calculated by the following criteria. Positive: the IgG titre for any antigen was higher
than the cutoff value. Negative: Both IgG titres for any antigen were lower than the cutoff value.
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Table 4
Diagnostic accuracy of serum IgG antibody with each bird antigen combination for
acute/chronic bird-related hypersensitivity pneumonitis with acute episodes.

Sensitivity, % Specificity, % PPV, % NPV, %
Pigeon/Budgerigar 85 80 75 88
Pigeon/Parrot 91 75 72 92
Parrot/Budgerigar 91 73 71 92

A positive result was defined as when either one of the two species antigens was
positive. When both were negative, the result was defined as negative. NPV,
negative predictive value; PPV, positive predictive value. Diagnostic accuracy with
the combination of antigens was calculated by the following criteria. Positive: the
IgG titre for any antigen was higher than the cutoff value. Negative: Both IgG titres
for any antigen were lower than the cutoff value.

the ROC analysis by single antigen was 70—91% for the acute
episode group, but that for multiple antigens was 85—91%.

In conclusion, measurement of the levels of sIlgG and sIgA
against pigeon, parrot and budgerigar antigens by ImmunoCAP® is
useful for screening and diagnosing acute/chronic bird-related HP
with acute episodes. Measuring multiple antigens could be useful
for screening for both types of chronic bird-related HP.
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