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Seasonal variation of serum KL-6 concentrations
is greater in patients with hypersensitivity
pneumonitis
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Abstract

Background: Serum KL-6 is a useful biomarker for the diagnosis of interstitial lung diseases (ILD). However, KL-6 has
not been used to discriminate different types of ILD. Serum KL-6 concentrations can vary depending on antigen
exposure levels in patients with hypersensitivity pneumonitis (HP); however, seasonal changes in serum KL-6
concentrations in ILD have not been determined. We hypothesized that seasonal variation of serum KL-6 is greater
in HP than for the other ILD. The aim of this study was to determine seasonal variation of serum KL-6 concentrations in
various ILD.

Methods: Serum KL-6 concentrations in the summer season from June 1 to September 30 and the winter season from
November 1 to February 28 were retrospectively analyzed in patients with idiopathic pulmonary fibrosis (IPF, n = 16),
non-specific interstitial pneumonia (NSIP, n = 16), collagen vascular disease-associated interstitial pneumonia (CVD-IP,
n = 33), house-related HP (House-HP, n = 9), bird-related HP (Bird-HP, n = 9), and combined pulmonary fibrosis and
emphysema (CPFE, n = 13).

Results: Bird-HP and House-HP showed greater seasonal serum KL-6 variation than the other ILD. Serum KL-6
concentrations in Bird-HP were significantly increased in the winter and KL-6 concentrations in House-HP were
significantly increased in the summer. Serum KL-6 variation was significantly greater in acute HP than chronic HP.
Receiver operating characteristic curve analysis revealed that greater seasonal variation in serum KL-6 concentrations is
diagnostic for Bird-HP.

Conclusion: HP should be considered in ILD with greater seasonal changes in serum KL-6 concentrations.
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Background
Krebs von den Lungen-6 (KL-6) is a high molecular
weight sialylated MUC1 glycoprotein expressed on type
II pneumocytes and bronchial epithelia. In particular, re-
generating type II pneumocytes in patients with intersti-
tial lung diseases (ILD) highly express KL-6 [1]. KL-6
may increase in sera after enhanced permeability following
destruction of alveolar-capillary barriers and increased
production of KL-6 by regenerating type II pneumocytes.
Thus, serum KL-6 is increased in patients with ILD with
alveolar damage and regeneration of type II pneumocytes,
but not increased in patients with bacterial pneumonia
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[2]. Serum concentrations of KL-6 have been reported
to serve as a sensitive biomarker for the diagnosis and
monitoring of therapeutic responses in various ILD, in-
cluding idiopathic pulmonary fibrosis (IPF), non-specific
interstitial pneumonia (NSIP), collagen vascular disease-
associated interstitial pneumonia (CVD-IP), hypersen-
sitivity pneumonitis (HP), some types of drug-induced
pneumonitis, pulmonary sarcoidosis, Pneumocystis jiro-
vecii pneumonia (PCP), Cytomegalovirus (CMV) pneu-
monia, and radiation pneumonitis [1-8]. Since KL-6 is
not a disease-specific marker and is increased in various
ILD, the usefulness of KL-6 in the differential diagnosis
among ILD is limited. Serum KL-6 concentrations in pa-
tients with eosinophilic pneumonia or organizing pneu-
monia are usually within normal limits at the time of their
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diagnosis [4], but may be increased to some extent if the
diseases are not treated properly. In addition, higher con-
centrations of serum KL-6 predict a poorer prognosis in
patients with acute exacerbation of IPF, drug-induced
pneumonitis, and adult respiratory distress syndrome
[4,7-9]. We occasionally observed unexpected increases
in serum KL-6 concentrations in patients with ILD dur-
ing their clinical course. Possible causes of unexpected
serum KL-6 elevation in patients with ILD include acute
exacerbation of ILD, exacerbation of HP by increased
antigen exposure, the development of PCP, CMV pneu-
monia, drug-induced pneumonitis, or adenocarcinoma
of lung, breast, pancreas, ovary, colon and liver.
HP is an extrinsic allergic alveolitis caused by type III

and type IV hypersensitivity reactions to inhaled organic
antigens such as fungi, bacteria, avian antigens, and fea-
ther duvets [10,11]. HP is classified into acute, subacute,
and chronic forms, although the subacute form might be
a variant of acute HP. Acute HP develops in response to
immune complex formation, and the chronic form is
mediated by Th1 and likely Th17 CD4+ T cells [10]. The
prevalence and type of HP is highly dependent on geo-
graphical, climatic, occupational differences, and genetic
susceptibility. In Japan, summer type house-related HP
(House-HP) was reported to be most prevalent (about
70%) in acute HP, and about 60% of chronic HP was
bird-related HP (Bird-HP) [12,13]. Some case reports
documented that serum KL-6 concentrations vary in re-
sponse to seasonal changes of antigen exposure levels in
patients with HP [14]. Serum KL-6 concentrations may
not return to normal levels even after chest radiographs
demonstrated improvement following corticosteroids
treatment, but did gradually decrease in parallel with im-
proved diffusion capacity of the lungs, which reflects the
disease activity of alveolitis in HP [15]. However, the sea-
sonal variation in serum KL-6 concentrations in ILD, in-
cluding HP, has not been determined. We hypothesized
that seasonal variation of serum KL-6 concentrations in
patients with HP is greater than for the other ILD. The
aim of this study was to determine the seasonal changes
of serum KL-6 concentrations in various ILD.

Methods
Study subjects
Electronic medical records of patients with registered
diagnoses of ILD who consulted our university hospital
from April 1, 2009 to March 31, 2014 were reviewed by
two pulmonologists. Patients with ILD whose serum KL-6
concentrations were measured at least four times over a
period of six months and more than once in one season
were selected for analysis. We excluded undiagnosed cases
with ILD, ILD cases with lung cancer, drug-induced pneu-
monitis, radiation pneumonitis, PCP, or CMV pneumonia,
each of which has been reported to increase serum KL-6
concentrations. The final study population consisted of 96
ILD patients classified as IPF (n = 16), NSIP (n = 16),
CVD-IP (n = 33), House-HP (n = 9), Bird-HP (n = 9), and
combined pulmonary fibrosis and emphysema (CPFE, n =
13), based on diagnostic criteria for each. This study com-
plied with the Declaration of Helsinki. The Ethical Review
Board of the Kochi Medical School, Kochi University,
reviewed the study design and protocol. Approval was
waived according to the Ethical Guideline for Clinical
Research issued by the Ministry of Health, Labour and
Welfare, Japan. Informed consent for the usage of data
had been obtained from all patients at their consulta-
tion and patients who refused were not included in
this study.

Diagnosis of ILD
IPF was clinically diagnosed based on the ATS/ERS/JRS/
ALAT guideline using the presence of basal honeycomb
shadows on the chest high-resolution computed tomog-
raphy (HRCT) (all cases), bronchoalveolar lavage (BAL)
(n = 5), transbronchial lung biopsy (TBLB) (n = 5) and
exclusion of other causes such as NSIP, CVD-IP, HP, and
CPFE [16]. Eight patients with NSIP were histologically
diagnosed based on the ATS/ERS multidisciplinary con-
sensus classification of IIPs with surgical lung biopsy
[17]. Other 8 NSIP patients were clinically diagnosed by
the chest HRCT findings compatible with NSIP pattern,
increased lymphocytosis in BAL fluid, lack of granuloma
in TBLB specimens, and exclusion of IPF, CVD-IP, HP,
or CPFE. CVD-IP was diagnosed based on symptoms,
laboratory findings of CVD, and interstitial shadows on
chest HRCT. HP was diagnosed by combinations of the
presence of specific IgG antibodies against pigeon, bud-
gerigar (Phadia AB, Uppsala, Sweden) for Bird-HP or
Trichosporon asahii for House-HP, spontaneous remis-
sion of interstitial shadows after isolation from causative
antigens, positive results on an environmental provoca-
tion test, bronchoscopic findings including BAL (n = 17),
TBLB (n = 16) and/or surgical lung biopsy (n = 8) [10].
House-HP refers to HP positive for specific IgG antibody
against Trichosporon asahii. BAL samples were obtained
by instillation of 50 ml of saline 3 times and differential
cell numbers were determined at the diagnosis of HP
without treatment. HP was further classified into acute
HP (acute and subacute forms) based on acute onset of
symptoms and the appearance of mainly ground glass
opacities on chest HRCT, or chronic HP based on grad-
ual progression of symptoms and the presence of mainly
interstitial fibrotic shadows on chest HRCT. All cases of
Bird-HP in the present study were related to the use of
feather products. CPFE was diagnosed by the presence
of both emphysematous changes in the upper lobes and
interstitial fibrotic changes in the lower lobes on chest
HRCT, and exclusion of other causes such as CVD-IP, HP,
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or drug-induced pneumonitis [18]. Two cases of IPF, five
cases of NSIP, five cases of CVD-IP, two cases of House-
HP, six cases of Bird-HP, and 12 cases of CPFE were care-
fully observed throughout their clinical courses without
treatment due to patients’ refusal of using pirfenidone,
corticosteroids or immunosuppressants. Environmental
improvement to avoid exposure to causative antigens was
instructed to all patients at the time of their final HP
diagnosis.

Measurement of serum KL-6
Serum samples were collected sequentially from patients
4 to 60 times (median 15 times) during their clinical
course (median 903 days, range 195–1703 days). The fre-
quency and duration of KL-6 measurement was not dif-
ferent among each group of ILD (Table 1). Serum KL-6
concentrations were measured by the chemiluminescent
Table 1 Seasonal variation of serum KL-6 concentrations in v

Total IPF NSIP

n 96 16 16

Numbers of BAL/TBLB/SLB 55/50/18 4/4/0 14/13/8

Age 68 (11) 71 (14) 71 (12)

Sex (Female) 41 3 9

No treatment 32 2 5

Duration of KL-6 measurement 903 (682) 1013 (670) 718 (326)

Frequency of KL-6 measurement 15 (17) 13 (20) 16 (9)

Kmax 1264 (1182) 1620 (891) 1622 (1734)

Kmin 532 (349) 667 (335) 590 (328)

Kmax-Kmin 686 (958) 793 (510) 1140 (1550)

Kmax/Kmin 2.46 (1.77) 2.09 (1.02) 3.06 (2.84)

Smax 918 (769) 1231 (548) 1155 (1258)

Smin 588 (390) 696 (347) 715 (293)

Smax-Smin 345 (580) 291 (856) 416 (1075)

Smax/Smin 1.61 (1.05) 1.49 (1.13) 1.54 (1.58)

Wmax 1105 (875) 1320 (799) 1148 (646)

Wmin 616 (413) 763 (581) 616 (276)

Wmax-Wmin 392 (629) 327 (467) 495 (880)

Wmax/Wmin 1.65 (0.78) 1.46 (0.63) 1.80 (0.86)

Smax-Wmax −51 (511) −116 (581) 5 (632)

Smax/Wmax 0.93 (0.46) 0.88 (0.44) 1.01 (0.57)

Smin-Wmin −50 (181) −135 (281) 22 (139)

Smin/Wmin 0.90 (0.27) 0.82 (0.27) 1.04 (0.21)

The maximum and minimum concentrations of serum KL-6 throughout each patie
concentrations during the summer (June 1 - September 30) were defined as Smax
February 28) as Wmax or Wmin. IPF, idiopathic pulmonary fibrosis; NSIP, non-speci
pneumonia; House-HP, house-related hypersensitivity pneumonitis; Bird-HP, bird-re
emphysema; BAL, bronchoalveolar lavage; TBLB, transbronchial lung biopsy; SLB, s
*P < 0.0033 vs IPF.
#P <0.0033 vs NSIP.
†P < 0.0033 vs CVD-IP.
‡P <0.0033 vs House-HP.
§P <0.0033 vs Bird-HP.
enzyme immunoassay LUMIPULSE KL-6 using a KL-6
antibody (EIDIA Co., Ltd, JPN). The cut-off value for
serum KL-6 was set at 435 U/ml according to the manu-
facturer’s instructions. The maximum or minimum con-
centrations of serum KL-6 in each patient’s clinical course
was defined as Kmax or Kmin, respectively. Similarly,
serum KL-6 concentrations during the summer from June
1 to September 30 was defined as Smax or Smin, and
serum KL-6 concentrations during the winter from No-
vember 1 to February 28 as Wmax or Wmin. The vari-
ation of serum KL-6 concentrations over each patient’s
clinical course (Kmax-Kmin or Kmax/Kmin), during the
summer (Smax-Smin or Smax/Smin), during the winter
(Wmax-Wmin or Wmax/Wmin), and seasonal changes in
serum KL-6 concentrations between summer and win-
ter (Smax-Wmax, Smax/Wmax, Smin-Wmin, or Smin/
Wmin) were retrospectively analyzed.
arious interstitial lung diseases

CVD-IP House-HP Bird-HP CPFE P value

33 9 9 13 -

20/17/2 8/7/5 9/9/3 0/0/0 -

64 (10)* 71 (20) 71 (6) 70 (8) 0.007

23* 3 3 0#† <0.001

5 2 6*† 12*#†‡ <0.001

1097 (629) 569 (385) 605 (564) 819 (750) 0.072

22 (23) 17 (12) 11 (6) 9 (10) 0.133

993 (1002) 2157 (2162) 1761 (2110) 925 (384)# 0.004

433 (287)* 451 (627) 489 (382) 483 (263) 0.070

633 (769) 1173 (1249) 1449 (1467) 360 (216)#§ 0.001

2.47 (1.21) 3.98 (4.11) 4.13 (3.09) 1.95 (0.67)§ 0.002

885 (807) 1932 (1910) 847 (639) 770 (294) 0.090

438 (313)* 451 (615) 594 (549) 503 (290) 0.033

406 (432) 1002 (1310) 236 (176) 174 (292) 0.072

1.76 (0.93) 3.68 (3.63) 1.31 (0.46)‡ 1.35 (0.66) 0.047

878 (763) 649 (1756) 1572 (1008)† 905 (434) 0.012

525 (328)* 491 (855) 750 (687) 551 (380) 0.073

259 (489) 252 (1120) 839 (721)† 342 (173) 0.051

1.44 (0.72) 1.47 (0.53) 2.78 (2.34) 1.82 (0.69) 0.078

−17 (288) 353 (668) −819 (609)#†‡ −179 (275)§ 0.001

0.96 (0.31) 1.43 (2.31) 0.47 (0.21)*#†‡ 0.82 (0.30)‡§ <0.001

−62 (114) −42 (310) −79 (197) −54 (206) 0.066

0.87 (0.21) 0.89 (0.20) 0.81 (0.31) 0.89 (0.26) 0.099

nt’s clinical course was defined as Kmax and Kmin. Similarly, serum KL-6
or Smin, and serum KL-6 concentrations during the winter (November 1 –
fic interstitial pneumonia; CVD-IP, collagen vascular disease-related interstitial
lated hypersensitivity pneumonitis; CPFE, combined pulmonary fibrosis and
urgical lung biopsy. Data are expressed as the median (interquartile range).
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Statistical analysis
Data are presented as the median (interquartile range).
Statistical analysis of data was performed using IBM
SPSS Statistics version 19 for Windows (IBM Corp, NY,
USA). The comparisons of serum KL-6 concentrations
among ILD were tested by the Kruskal-Wallis test. Diffe-
rences in serum KL-6 concentrations between two groups
were evaluated by the two-tailed Mann–Whitney U-test.
Serum KL-6 concentrations and KL-6 ratios were further
analyzed using receiver operating characteristic (ROC)
curves to determine the cut-off levels that resulted in
the optimal diagnostic accuracy for the diagnosis of HP,
House-HP or Bird-HP. Quantitative differences were tes-
ted by the Pearson’s chi-square test for goodness of fit or
the Fisher’s exact probability test. A P-value of < 0.05 was
considered statistically significant. The Holm’s sequential
Bonferonni correction was used to adjust the levels of sig-
nificance for multiple comparisons.

Results
Patient characteristics
Patients with CVD-IP were significantly younger than
patients with IPF (Table 1). Patients with CVD-IP (23
out of 33) and NSIP (9 out of 16) were predominantly
female, and all cases with CPFE were male. Four cases
with IPF and one case with NSIP had acute exacerbation
during their clinical course [842 (527) days], and two
cases of IPF and one case of NSIP were deceased.

Serum KL-6 concentrations in various ILD
The maximum KL-6 concentrations over the patients’
clinical courses (Kmax) were significantly higher in pa-
tients with NSIP compared to CPFE (Table 1, Figure 1A).
The minimum KL-6 (Kmin) was significantly higher in
patients with IPF than with CVD-IP. The variation of
serum KL-6 concentrations over their clinical courses
(Kmax-Kmin or Kmax/Kmin) was significantly greater
in patients with Bird-HP than with CPFE (Table 1,
Figure 1B). The variation of KL-6 during the summer
(Smax/Smin) in patients with House-HP was signifi-
cantly greater than Bird-HP (P = 0.003) and showed a
tendency to be greater than CPFE (P = 0.004), CVD-
IP (P = 0.021), IPF (P = 0.033), or NSIP (P = 0.037)
(Table 1, Figure 1C). The maximum KL-6 concentrations
during the winter (Wmax) and Wmax-Wmin were signifi-
cantly higher in patients with Bird-HP than CVD-IP
(Table 1, Figure 1D).

Seasonal variation of serum KL-6 concentrations in
different ILD
It is particularly noteworthy that Bird-HP and House-HP
showed significantly greater seasonal changes in serum
KL-6 concentrations than the other ILD. Serum KL-6 con-
centrations between the summer and the winter (Smax-
Wmax or Smax/Wmax) were greater in patients with
House-HP than Bird-HP (P < 0.001) or CPFE (P = 0.003)
(Table 1, Figure 2A). Smax/Wmax in patients with Hosue-
HP showed a tendency to be greater than IPF (P = 0.008)
or CVD-IP (P = 0.01). Eight out of nine patients (88.9%)
with Bird-HP showed greater increases in serum KL-6
concentrations in the winter compared to the summer; as
such, Smax-Wmax in patients with Bird-HP showed ne-
gative values and Smax-Wmax or Smax/Wmax was sig-
nificantly lower than the other ILD (Table 1, Figure 2A).
These data suggest that serum KL-6 concentrations were
significantly increased in the summer in patients with
House-HP or in the winter in patients with Bird-HP.
Typical examples of sequential seasonal changes in serum
KL-6 concentrations in a patient with House-HP who had
a specific IgG antibody against Trichosporon asahii and in
a patient with Bird-HP related to the usage of a feather
pillow are shown in Figure 2B and C, respectively. Corti-
costeroids were not administered to these patients be-
cause of patients’ refusal. Serum KL-6 concentrations in
the patient with House-HP were significantly increased in
the summer season and gradually decreased after environ-
mental improvement and cleaning her house of fungi,
but increased again in the next year when fungi regrew
(Figure 2B). Serum KL-6 concentrations in the patient
with Bird-HP were significantly increased in the winter
but gradually decreased in the summer. She ceased com-
ing to the hospital twice because her symptoms had im-
proved naturally. She never used feather duvets, but a
feather pillow that she used during a nap in the winter
was finally proven to be the cause (Figure 2C).

Variation of serum KL-6 concentrations in acute or
chronic HP
In general, serum KL-6 concentrations are thought to be
higher in acute HP compared to chronic HP. Kmax in
patients with acute HP (n = 12) was significantly higher
than that in chronic HP (n = 6) [2635 (1678) for acute
HP vs 1036 (402) for chronic HP, P = 0.024]. Kmax-
Kmin was also significantly higher in patients with acute
HP than chronic HP (1883 (883) for acute HP vs 683
(81) for chronic HP, P = 0.005, Figure 2D). These results
confirm that variations in serum KL-6 concentrations
were significantly greater in acute HP than chronic HP.
There is no difference in lymphocytosis between acute
HP [48.0 (55.1) %] and chronic HP [18.4 (5.6) %], and no
correlation between serum KL-6 concentrations at the
same day of BAL and lymphocytosis in BAL fluid.

Diagnostic value of serum KL-6 concentrations and KL-6
ratios in HP
ROC curves were used to evaluate the diagnostic value
of KL-6 concentrations or KL-6 ratios for the diagnosis
of HP, House-HP or Bird-HP. Smax/Wmax used for the
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Figure 1 Serum KL-6 concentrations in various interstitial lung diseases (ILD). (A) The maximum concentrations of serum KL-6 during their
clinical courses (Kmax) in patients with various interstitial lung diseases (ILD). (B) The ratio of maximum and minimum concentrations of serum
KL-6 (Kmax/Kmin) in various ILD. (C) The ratio of maximum and minimum concentrations of serum KL-6 in the summer (Smax/Smin) in various
ILD. (D) The maximum concentrations of serum KL-6 in the winter (Wmax) in various ILD. IPF, idiopathic pulmonary fibrosis; NSIP, non-specific
interstitial pneumonia; CVD-IP, collagen vascular disease-related interstitial pneumonia; House-HP, house-related hypersensitivity pneumonitis,
Bird-HP; bird-related hypersensitivity pneumonitis, CPFE; combined pulmonary fibrosis and emphysema. *P < 0.0033 vs IPF, #P < 0.0033 vs NSIP,
†P < 0.0033 vs CVD-IP, ‡P < 0.0033 vs House-HP, §P < 0.0033 vs Bird-HP.
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diagnosis of Bird-HP resulted in the largest area under
the curve with 0.878 (Table 2, Figure 3), indicating mod-
erate accuracy. When the Smax/Wmax cut-off level was
set at less than 0.61 based on the highest Youden’s in-
dex, the sensitivity, specificity, diagnostic accuracy and
likelihood ratio for the diagnosis of Bird-HP were 77.8%,
92.7%, 91.2% and 10.63, respectively. These results sug-
gest that seasonal variation of serum KL-6 concentra-
tions is useful for the differential diagnosis of Bird-HP.

Discussion
We evaluated seasonal variations in serum KL-6 con-
centrations in various ILD, including IPF, NSIP, CVD-IP,
HP, and CPFE, and confirmed that seasonal changes of
serum KL-6 concentrations were greater in HP especially
Bird-HP than for the other ILD. We also found that var-
iations in serum KL-6 concentrations were significantly
greater in acute HP than in chronic HP. Furthermore,
seasonal variation of KL-6 concentrations was differ-
entially diagnostic for distinguishing Bird-HP from the
other ILD.
Bird-HP and House-HP exhibited increased serum KL-6

concentrations in the winter and summer seasons, res-
pectively. These seasonal differences usually depend on
the differences in living environment and patient lifestyles.
However, it should be noted that House-HP may be exac-
erbated not only in the summer but also during the winter
season as house heating, increased humidifier usage [19],
and improved air tightness of the house may cause mold
to spread even in the winter. Also, Bird-HP may be im-
proved even in the winter by removing bird-related prod-
ucts or quit breeding. Therefore, physicians should remain
vigilant for possible HP, and detailed history taking is very
important to identify causes of increased KL-6 when
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Figure 2 Seasonal variation of serum KL-6 concentrations in various ILD. (A) The ratio of maximum concentrations of summer and winter
serum KL-6 concentrations (Smax/Wmax) in various ILD. Seasonal changes in serum KL-6 concentrations in a patient with House-HP who had a
specific IgG antibody against Trichosporon asahii (B) and in a patient with Bird-HP related to feather pillow use (C). The duration when the patient
did not refer to the hospital was shown by dot line in Figure 2C. Corticosteroids were not administered to either patient because of patients’
refusal. The open and closed squares over the figure indicate the summer and winter seasons, respectively. (D) Variations of maximal and minimal
serum KL-6 concentrations (Kmax-Kmin) in patients with acute HP and chronic HP.
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unexpected increases of KL-6 concentrations are found.
Correct, early-stage diagnosis of HP is crucial, since chro-
nic HP can result in a fatal outcome if exposure to the
causative antigen is continued [20]. However, differential
diagnosis of chronic HP from the other ILD is difficult by
only history taking and chest HRCT imaging in clinical
settings. Chest HRCT results from chronic HP and IPF
patients were similar and difficult to discriminate only by
chest HRCT imaging [21,22]. We experienced a case with
clinically diagnosed IPF based on chest HRCT findings,
histological findings of surgical lung biopsy and detailed
Table 2 Diagnostic value of KL-6 concentrations and KL-6 rat
House-HP, and Bird-HP

Comparison Variables AUC P value Youden’s
index

C
v

HP vs non-HP Kmax 0.681 0.017 0.316 2

Kmax-Kmin 0.744 0.001 0.427 6

Kmax/Kmin 0.757 0.001 0.436 3

House-HP vs non-House-HP Smax-Wmax 0.774 0.007 0.472 1

Smax/Wmax 0.802 0.003 0.461 1

Bird-HP vs non-Bird-HP Smax-Wmax 0.842 0.001 0.706 −

Smax/Wmax 0.878 <0.001 0.705 0

Cut-off value of Smax-Wmax and Smax/Wmax for the diagnosis of Bird-HP was less
history taking but without the usage of feather duvets; the
case was finally found to be HP when interstitial shadows
were exacerbated after usage of feather duvets by a partner
but not by the patient. There is little therapeutic benefit
by administering pirfenidone or N-acetyl cysteine to IPF
patients [17]. Identifying HP from cases misdiagnosed as
IPF is very important because avoidance of the causative
antigen is crucial for improving the clinical outcome in
HP patients. The best therapy for HP is isolation from
causative antigens, improvement of the living environ-
ment, and/or systemic administration of corticosteroids
ios for the diagnosis of hypersensitivity pneumonitis (HP),

ut-off
alue

Sensitivity (%) Specificity (%) Diagnostic
accuracy (%)

Likelihood
ratio

532 44.4 87.2 79.2 3.47

54 88.9 53.8 60.4 1.93

.15 66.7 76.9 75.0 2.89

96 66.7 80.5 79.1 3.42

.08 77.8 68.3 69.2 2.45

328 88.9 81.7 82.4 4.86

.61 77.8 92.7 91.2 10.63

than −328 and 0.61, respectively. AUC; area under the curve.
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Figure 3 Receiver operating characteristic curve of Smax/Wmax
for the diagnosis of Bird-HP.
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for controlling symptoms and stopping progression. The
presence of seasonal changes of KL-6 concentrations in
each patient, but not comparing KL-6 concentration
among patients, is clinically important for suspecting
the possibility of HP.
We confirmed that variations in serum KL-6 con-

centrations were significantly greater in acute than in
chronic HP, which may reflect the responses to the dif-
ferent levels of inhaled antigen exposure and the degree
of alveolitis. In general, alveolitis with lymphocytosis
seems to be less in chronic than acute HP, as lympho-
cytosis in BAL fluid was less in chronic than acute or
subacute HP [23]. However, there is no difference in
lymphocytosis between acute HP and chronic HP, and
no correlation between serum KL-6 concentrations and
lymphocytosis in BAL fluid in the present study, sug-
gesting that increased serum KL-6 concentrations are
unlikely to be related to alveolitis with lymphocytosis.
Serum KL-6 concentrations are thought to be related to
alveolar damage and increased production of KL-6 by
regenerating type II pneumocytes. As most cases with
acute HP did not undergo surgical lung biopsy, diffe-
rences in regenerating type II pneumocytes between
acute HP and chronic HP were difficult to evaluate. In-
creased numbers of reactive type II pneumocytes in BAL
fluids in patients with HP are reported as similar to PCP
and drug-induced pneumonitis [24]. However, differ-
ences in regenerating type II pneumocytes between
acute HP and chronic HP have not yet been examined.
The limitations of this study include the small number

of study subjects, especially for HP, our retrospective ap-
proach, lack of seasonal environmental data collection,
and the differences in the treatments among the ILD
patients, which may affect serum KL-6 concentrations.
However, a prospective study to determine the seasonal
variation in serum KL-6 concentrations in ILD without
treatment is difficult to set up because of ethical issues.
Therefore, we decided to use a retrospective study de-
sign to address the hypothesis that HP may have greater
seasonal serum KL-6 variation than the other ILD. Al-
though small numbers of HP patients were included in
the present retrospective study, we clearly demonstrated
that Bird-HP and House-HP showed significantly greater
seasonal variation in serum KL-6 concentrations com-
pared with the other ILD. Moreover, seasonal variation
of serum KL-6 determined by Smax/Wmax less than
0.61 may be useful for the differential diagnosis of Bird-
HP. Although we did not collect seasonal environmental
data to establish the direct link between seasonal change
of KL-6 concentrations and antigen exposure levels, we
searched environment of each patients’ house and near-
by and found mold spread during summer in the house
of patients with House-HP or increased usage of feather
products during winter in patients with Bird-HP and
therefore speculated that increased antigen exposure
could be the cause of seasonal changes in serum KL-6
concentrations.
Conclusions
Serum KL-6 concentrations exhibited significant seasonal
variation presumably in response to seasonal fluctuating
antigen exposure levels in patients with HP. Variations in
serum KL-6 concentrations were significantly greater in
acute HP than in chronic HP. It is necessary to consider
the possibility of HP when unexpected seasonal changes
in serum KL-6 concentrations are found during the cli-
nical course of ILD.
Abbreviations
AUC: Area under the curve; BAL: Bronchoalveolar lavage; CMV:
Cytomegalovirus; CPFE: Combined pulmonary fibrosis and emphysema;
CVD-IP: Collagen vascular disease-associated interstitial pneumonia;
HP: Hypersensitivity pneumonitis; HRCT: High resolution computed
tomography; ILD: Interstitial lung diseases; IPF: Idiopathic pulmonary fibrosis;
KL-6: Krebs von den Lungen-6; NSIP: Non-specific interstitial pneumonia;
PCP: Pneumocystis jirovecii pneumonia; ROC: Receiver operating characteristic.
Competing interests
The authors declare that they have no competing interests.
Authors’ contributions
HO conceived the study, participated in its design and coordination,
reviewed medical records, confirmed diagnoses, performed statistical
analysis, and drafted the manuscript. SM participated in the selection of
patients’ data, reviewed medical records and confirmed diagnoses. SK and
TK participated in the selection of patients’ data and made critical
suggestions. AY supervised the study and helped draft the manuscript.
All authors read and approved the final manuscript.



Ohnishi et al. BMC Pulmonary Medicine 2014, 14:129 Page 8 of 8
http://www.biomedcentral.com/1471-2466/14/129
Acknowledgements
This work was supported in part by Grants-in-Aid for Scientific Research of
the Japanese Ministry of Education, Culture, Sports, Science, and Technology
of Japan.

Received: 25 April 2014 Accepted: 29 July 2014
Published: 7 August 2014
References
1. Kohno N, Kyoizumi S, Awaya Y, Fukuhara H, Yamakido M, Akiyama M:

New serum indicator of interstitial pneumonitis activity. Sialylated
carbohydrate antigen KL-6. Chest 1989, 96:68–73.

2. Ohnishi H, Yokoyama A, Kondo K, Hamada H, Abe M, Nishimura K, Hiwada
K, Kohno N: Comparative study of KL-6, surfactant protein-A, surfactant
protein-D, and monocyte chemoattractant protein-1 as serum markers
for interstitial lung diseases. Am J Respir Crit Care Med 2002, 165:378–381.

3. Ishikawa N, Hattori N, Yokoyama A, Kohno N: Utility of KL-6/MUC1 in the
clinical management of interstitial lung diseases. Respir Investig 2012,
50:3–13.

4. Ohnishi H, Yokoyama A, Yasuhara Y, Watanabe A, Naka T, Hamada H, Abe
M, Nishimura K, Higaki J, Ikezoe J, Kohno N: Circulating KL-6 levels in
patients with drug induced pneumonitis. Thorax 2003, 58:872–875.

5. Takahashi T, Munakata M, Ohtsuka Y, Satoh-Kamachi A, Sato R, Homma Y,
Kawakami Y: Serum KL-6 concentrations in dairy farmers. Chest 2000,
118:445–450.

6. Janssen R, Grutters JC, Sato H, van Velzen-Blad H, Zanen P, Kohno N, Welsh
KI, du Bois RM, van den Bosch JM: Analysis of KL-6 and SP-D as disease
markers in bird fancier’s lung. Sarcoidosis Vasc Diffuse Lung Dis 2005,
22:51–57.

7. Yokoyama A, Kohno N, Hamada H, Sakatani M, Ueda E, Kondo K, Hirasawa Y,
Hiwada K: Circulating KL-6 predicts the outcome of rapidly progressive
idiopathic pulmonary fibrosis. Am J Respir Crit Care Med 1998, 158:1680–1684.

8. Yokoyama A, Kondo K, Nakajima M, Matsushima T, Takahashi T, Nishimura
M, Bando M, Sugiyama Y, Totani Y, Ishizaki T, Ichiyasu H, Suga M, Hamada H,
Kohno N: Prognostic value of circulating KL-6 in idiopathic pulmonary
fibrosis. Respirology 2006, 11:164–168.

9. Ishizaka A, Matsuda T, Albertine KH, Koh H, Tasaka S, Hasegawa N, Kohno N,
Kotani T, Morisaki H, Takeda J, Nakamura M, Fang X, Martin TR, Matthay MA,
Hashimoto S: Elevation of KL-6, a lung epithelial cell marker, in plasma
and epithelial lining fluid in acute respiratory distress syndrome. Am J
Physiol Lung Cell Mol Physiol 2004, 286:L1088–L1094.

10. Selman M, Pardo A, King TE Jr: Hypersensitivity pneumonitis: insights in
diagnosis and pathobiology. Am J Respir Crit Care Med 2012, 186:314–324.

11. Inase N, Ohtani Y, Sumi Y, Umino T, Usui Y, Miyake S, Yoshizawa Y: A clinical
study of hypersensitivity pneumonitis presumably caused by feather
duvets. Ann Allergy Asthma Immunol 2006, 96:98–104.

12. Ando M, Konishi K, Yoneda R, Tamura M: Difference in the phenotypes of
bronchoalveolar lavage lymphocytes in patients with summer-type
hypersensitivity pneumonitis, farmer’s lung, ventilation pneumonitis, and
bird fancier’s lung: report of a nationwide epidemiologic study in Japan.
J Allergy Clin Immunol 1991, 87:1002–1009.

13. Okamoto T, Miyazaki Y, Ogura T, Chida K, Kohno N, Kohno S, Taniguchi H,
Akagawa S, Mochizuki Y, Yamauchi K, Takahashi H, Johkoh T, Homma S,
Kishi K, Ikushima S, Konno S, Mishima M, Ohta K, Nishioka Y, Yoshimura N,
Munakata M, Watanabe K, Miyashita Y, Inase N: A nationwide
epidemiological survey of chronic hypersensitivity pneumonitis in Japan.
Respir Investig 2013, 51:191–199.

14. Hara Y, Kobayashi H, Osoreda H, Kanoh S, Motoyoshi K, Ozeki Y: Bird-related
chronic hypersensitivity pneumonitis demonstrating the fluctuation of
disease activity accompanied with environmental changes. Nihon Kokyuki
Gakkai Zasshi 2008, 46:1045–1049. Japanese.

15. Takao T, Hanehira T, Zenke Y, Shikama J, Igei H, Inoue E, Yoshizawa Y: The
sequential changes of the serum levels of KL-6, SP-D, and DLCO were
followed for a long term in a case of acute bird fancier’s lung. Arerugi
2009, 58:1433–1440. Japanese.

16. American Thoracic Society; European Respiratory Society: American
Thoracic Society/European Respiratory Society International
Multidisciplinary Consensus Classification of the Idiopathic Interstitial
Pneumonias. This joint statement of the American Thoracic Society
(ATS), and the European Respiratory Society (ERS) was adopted by the
ATS board of directors, June 2001 and by the ERS Executive Committee,
June 2001. Am J Respir Crit Care Med 2002, 165:277–304.

17. Raghu G, Collard HR, Egan JJ, Martinez FJ, Behr J, Brown KK, Colby TV,
Cordier JF, Flaherty KR, Lasky JA, Lynch DA, Ryu JH, Swigris JJ, Wells AU,
Ancochea J, Bouros D, Carvalho C, Costabel U, Ebina M, Hansell DM, Johkoh
T, Kim DS, King TE Jr, Kondoh Y, Myers J, Müller NL, Nicholson AG, Richeldi
L, Selman M, Dudden RF, Griss BS, Protzko SL, Schünemann HJ, ATS/ERS/
JRS/ALAT Committee on Idiopathic Pulmonary Fibrosis: An official ATS/ERS/
JRS/ALAT statement: idiopathic pulmonary fibrosis: evidence-based
guidelines for diagnosis and management. Am J Respir Crit Care Med
2011, 183:788–824.

18. Cottin V, Nunes H, Brillet PY, Delaval P, Devouassoux G, Tillie-Leblond I,
Israel-Biet D, Court-Fortune I, Valeyre D, Cordier JF, Groupe d’Etude et de
Recherche sur les Maladies Orphelines Pulmonaires (GERM O P): Combined
pulmonary fibrosis and emphysema: a distinct underrecognised entity.
Eur Respir J 2005, 26:586–593.

19. Ohnishi H, Yokoyama A, Hamada H, Manabe S, Ito R, Watanabe A, Katayama
H, Yasuhara Y, Ikezoe J, Higaki J: Humidifier lung: possible contribution of
endotoxin-induced lung injury. Intern Med 2002, 41:1179–1182.

20. Inase N, Ohtani Y, Usui Y, Miyazaki Y, Takemura T, Yoshizawa Y: Chronic
summer-type hypersensitivity pneumonitis: clinical similarities to
idiopathic pulmonary fibrosis. Sarcoidosis Vasc Diffuse Lung Dis 2007,
24:141–147.

21. Silva CI, Müller NL, Lynch DA, Curran-Everett D, Brown KK, Lee KS, Chung
MP, Churg A: Chronic hypersensitivity pneumonitis: differentiation from
idiopathic pulmonary fibrosis and nonspecific interstitial pneumonia by
using thin-section CT. Radiology 2008, 246:288–297.

22. Morell F, Villar A, Montero MÁ, Muñoz X, Colby TV, Pipvath S, Cruz MJ,
Raghu G: Chronic hypersensitivity pneumonitis in patients diagnosed
with idiopathic pulmonary fibrosis: a prospective case-cohort study.
Lancet Respir Med 2013, 1:685–694.

23. Ohtani Y, Saiki S, Sumi Y, Inase N, Miyake S, Costabel U, Yoshizawa Y:
Clinical features of recurrent and insidious chronic bird fancier’s lung.
Ann Allergy Asthma Immunol 2003, 90:604–610.

24. Linssen KC, Jacobs JA, Poletti VE, van Mook W, Cornelissen EI, Drent M:
Reactive type II pneumocytes in bronchoalveolar lavage fluid. Acta Cytol
2004, 48:497–504.

doi:10.1186/1471-2466-14-129
Cite this article as: Ohnishi et al.: Seasonal variation of serum KL-6
concentrations is greater in patients with hypersensitivity pneumonitis.
BMC Pulmonary Medicine 2014 14:129.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Study subjects
	Diagnosis of ILD
	Measurement of serum KL-6
	Statistical analysis

	Results
	Patient characteristics
	Serum KL-6 concentrations in various ILD
	Seasonal variation of serum KL-6 concentrations in different ILD
	Variation of serum KL-6 concentrations in acute or chronic HP
	Diagnostic value of serum KL-6 concentrations and KL-6 ratios in HP

	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


