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ABSTRACT 

Background 

The role of bronchoalveolar lavage fluid (BAL) lymphocyte% to diagnose chronic hypersensitivity 

pneumonitis (CHP) is unclear. We conducted a systematic review and meta-analysis of BAL 

lymphocyte% in the diagnosis of CHP.  

Methods 

We searched Medline, Embase and Cochrane library from inception to August 2019. Individual 

patient data were obtained to test performance characteristics of BAL lymphocyte% at different 

thresholds. Random-effects models were used for pooled estimates, with comparisons made 

between CHP and non-CHP interstitial lung diseases (ILD).  

Results  

Fifty-three studies were included in the systematic review and 42 in the meta-analysis. The pooled 

estimate for BAL lymphocyte% was 42.8% (95%CI 37.7-47.8, I2=95.3%) in CHP, 10.0% (95%CI 6.9-

13.1, I2=91.2%) in idiopathic pulmonary fibrosis (IPF), 23.1% (95% CI 3.0-43.2, I2=85.2%) in non-IPF 

idiopathic interstitial pneumonia (IIP), 23.4% (95%CI 11.0-35.9, I2=45.7%) in connective-tissue 

disease ILD (CTD-ILD), and 31.2% (95% CI 17.6-44.8, I2=95.2%) in sarcoidosis. Results differed 

between CHP and IPF (p<0.0001), non-IPF IIP (p=0.0309), and CTD-ILD (p=0.0824), but not between 

sarcoidosis (p=0.0966). Using individual patient data from eight studies, lymphocyte% threshold 

>20% provided sensitivity of 68.1% and specificity of 64.8% for CHP. Higher thresholds provided 

lower sensitivity with higher specificity. Older age and ever having smoked were associated with 

lower lymphocyte% in CHP.  

Conclusions 

BAL lymphocyte% is higher in CHP compared to IPF and other IIP, with higher thresholds providing 

improved specificity at the cost of sensitivity. However, parent studies are at risk of incorporation 

bias, and prospective studies should evaluate the additive discriminate value of BAL lymphocyte% to 

accurately diagnose CHP. 



INTRODUCTION 

Hypersensitivity pneumonitis (HP) is an inflammatory and/or fibrotic immune-mediated interstitial 

lung disease (ILD) caused by sensitization to an inciting antigen. In its chronic form, HP is 

characterized by an insidious progressive course, which obscures the link between causative antigen 

and disease. Chronic HP (CHP) shares overlapping clinical and radiological features with other 

ILDs,(1) and the absence of consensus diagnostic criteria further complicates establishing a 

diagnosis. Differentiating CHP from non-CHP ILDs (e.g. idiopathic pulmonary fibrosis [IPF], idiopathic 

non-specific interstitial pneumonia [NSIP]) can be challenging, but is critical for disease management 

and prognostication.(2, 3) The gold standard for diagnosis of CHP involves multidisciplinary team 

discussion and integration of radiological, clinical, and pathological data.(4) 

 

Bronchoalveolar lavage (BAL) fluid analysis is proposed as an informative tool in the diagnostic 

evaluation of patients with HP and CHP.(5) Increased cellularity with lymphocytosis is associated 

with HP, with the range of lymphocyte counts believed to reflect the degree of alveolitis.(6, 7) 

However, there is a paucity of robust evidence supporting the role of alveolar lymphocytosis in 

diagnosing CHP.(8) In a study of antigen-determinate HP patients, the mean lymphocyte percentage 

(%) was elevated in all forms of disease but was lower in CHP compared to the acute or subacute 

forms.(9) Radiographic fibrosis is associated with lower BAL lymphocyte % in ILD,(10) and in 

advanced fibrotic HP with a histological pattern resembling usual interstitial pneumonia, BAL 

lymphocytosis may be less pronounced.(11) In a recent Delphi study, more than 75% of ILD experts 

rated BAL lymphocytosis >40% as ‘important’ or ‘very important’ for the diagnosis of CHP.(4) No 

consensus was met on the importance of BAL lymphocytosis 30-39%, and findings of 20-30% were 

deemed uninformative. These findings underscore the need for research to identify an optimal 

threshold for BAL lymphocytosis in the diagnosis of CHP.  

 



BAL lymphocytosis may be influenced by several variables, including the presence and extent of 

fibrosis, timing relative to antigen exposure, smoking status, and procedural technique for BAL 

collection(5). In addition, the presence of BAL lymphocytosis may not differentiate between other 

histologic entities also characterized by lymphocytic inflammation, particularly NSIP or cryptogenic 

organizing pneumonia.(12) International guidelines exist to guide the BAL fluid collection procedure, 

yet there remains heterogeneity in the collection, processing and analysis, with the potential for 

misclassification.(13, 14) BAL lymphocyte subset analysis (ie. CD4:CD8 ratio) was historically thought 

to be helpful in establishing diagnoses of specific ILD, but recent data suggest it is not informative in 

CHP and testing is not routinely recommended in ILD.(5) 

 

The role of BAL lymphocytosis in establishing a diagnosis of CHP remains unclear. The aim of this 

systematic review and meta-analysis was to describe BAL lymphocyte % in CHP and compare these 

findings to non-CHP ILDs. We further sought to test the performance characteristics of BAL 

lymphocyte % at different thresholds to accurately differentiate CHP from other non-CHP ILDs. 

 

METHODS 

Search Strategy and Selection Criteria 

We performed a systematic review and meta-analysis following Meta-Analysis of Observational 

Studies in Epidemiology (MOOSE) guidelines.(15) The protocol was registered in the PROSPERO 

database (CRD42019122236). Searches of MEDLINE, Cochrane Central Register of Clinical Trials, and 

Embase were conducted from database inception to August 2019. The search strategy design was 

supported by an academic research librarian (ZP) and included both text words and controlled 

vocabulary, with details presented in Table S1. The search strategy was intentionally broad to 

capture articles likely to report BAL cellular analysis in CHP and other ILDs, even if BAL results were 

only presented to characterize the study populations. No language, study design, or publication 



status restrictions were imposed on the initial search. Electronic database searches were 

supplemented with manual review of bibliographies and searches of conference proceedings from 

the American Thoracic Society and the European Respiratory Society’s International Scientific 

Conferences from inception through August 2019.  

 

Two authors (NA, CH) independently screened and reviewed articles, with discrepancies resolved by 

consensus and/or review by a third author (KJ). Studies were eligible for inclusion if they met the 

following criteria: (1) original research; (2) patients with a diagnosis of CHP (ie. those in which the 

authors described the cohort as patients with ‘chronic’ or ‘fibrotic’ HP, and/or if HP cohort data 

described the presence of radiological and/or histological fibrosis); (3) reported BAL lymphocyte 

percentages; (4) did not include paediatric patients (<18 years old); (5) full text available in English or 

French. In the event of multiple publications with overlapping study periods, we included only the 

study with the largest number of participants to prevent double counting of the patient cohorts. 

 

Data Extraction and Quality Assessment 

Two authors (NA, CH) extracted data independently and in duplicate using a standardized protocol 

and reporting forms. Data collected included details of study design, population characteristics, BAL 

lymphocyte %, BAL CD4:CD8 ratio, antigen determinate status (known or unknown) and specific 

antigen (if known), forced vital capacity (FVC) % predicted, diffusion capacity of the lung for carbon 

monoxide (DLCO) % predicted, and the definition of chronicity applied in the study. We contacted 

the corresponding authors of articles that reported summary statistics of BAL findings in CHP 

compared to other non-CHP ILDs and requested anonymized individual patient data (IPD). The 

variables requested for IPD were similar to those described above and were pooled as a single 

cohort. Assessment for risk of bias of individual studies was undertaken using the standard Quality 

Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool.(16) 

 



Statistical Analysis 

We calculated pooled estimates using the DerSimonian and Laird random-effects models to assess 

the frequency and distribution of BAL lymphocytosis in CHP.(17) Data were graphically displayed 

using forest plots. Pooled lymphocyte % estimates for CHP were compared to the pooled estimates 

for specific diagnostic categories using the student’s unpaired t-test. Where reported, healthy 

controls or acute/subacute HP patients were excluded from the aggregate analyses. As a sensitivity 

analysis, we calculated a pooled estimate from the subset of studies that defined CHP according to 

the presence of fibrosis on chest imaging and/or histopathology. Heterogeneity between studies was 

assessed using the I2 statistic to quantify the percentage of variation attributable to between-study 

differences.(18) We also conducted a sensitivity analysis of the CHP pooled lymphocyte % estimate 

using the inverse variance heterogeneity model. Similar methods were used to evaluate the 

CD4:CD8 ratio in CHP, comparing to other non-CHP ILDs. IPD from contributing studies was pooled 

and treated as a single cohort to test the performance characteristics of lymphocyte thresholds to 

identify patients with CHP from non-CHP ILD, and specifically to differentiate from non-IPF idiopathic 

interstitial pneumonia (IIP)/IPF. Sensitivity, specificity, positive predictive value (PPV) and negative 

predictive value (NPV) of BAL lymphocyte % were calculated at thresholds of >20%, >30%, >40%, and 

>50%. The optimal cut-point of all pooled IPD was calculated using Youden’s index.(19) Linear 

regression was used to identify variables associated with BAL lymphocytosis in univariate analysis, 

then using multivariate analysis with pre-specified covariates including age, sex, smoking history, 

individual study, FVC% and DLCO%. Funnel plots were used to assess for publication bias. 

 

RESULTS 

Study Selection and Individual Patient Data 

The systematic review yielded 2500 unique references. After abstract and title screening, 390 

articles underwent full text review, with 53 meeting criteria for inclusion in the systematic review 



and 42 included in the meta-analysis (Figure 1). We contacted, or attempted to contact the 

corresponding authors of 23 studies that reported BAL findings in CHP and at least one non-CHP ILD 

comparator population to request IPD. IPD was obtained from eight unique studies.  

 

Characteristics of included studies 

Articles included in the systematic review included 23 retrospective and 30 prospective studies 

(Table S2). Studies originated from 16 countries, with 16 studies originating from Japan. Thirty 

studies reported data from patients with CHP only, and 23 included comparator populations of non-

CHP ILD. IPF was the non-CHP ILD population most frequently reported, followed by sarcoidosis. 

Surgical lung biopsy or HRCT findings of pulmonary fibrosis were used to define HP as chronic in 35 

studies, while other methods of defining CHP were varied and are summarized in Table S3. Twenty-

one studies reported BAL CD4:CD8 ratio in a usable format, with a total of 315 CHP and 85 non-CHP 

ILD patients. IPD from eight studies was obtained, yielding a total cohort of 716 patients, with 188 

CHP and 528 non-CHP ILD (229 IPF, 126 non-IPF idiopathic interstitial pneumonia [IIP], 105 

connective tissue disease associated ILD [CTD-ILD] and 68 sarcoidosis) (Table 1). Most studies were 

of low quality to address the question of how BAL lymphocytosis informs the diagnosis of CHP (Table 

S4), with serious risk of incorporation bias, in that BAL lymphocyte % was used as part of the 

diagnostic evaluation. Visual assessment of funnel plots demonstrates asymmetry, suggesting 

publication bias in the parent studies addressing BAL lymphocytosis in CHP (Figure S1). 

 

Table 1: Cohort Characteristics for the Individual Patient Data  

 CHP (n=188) Non-CHP ILD (n=528) 

Age, years mean (SD) 60.3 (12.9) 58.5 (13.1) 

Sex, male (%) 81 (43.1) 284 (54.8) 

Never smoker, n (%) 66 (49.6) 101 (48.3) 

Former smoker, n (%) 61 (45.9) 79 (37.8) 

Current smoker, n (%) 6 (4.5) 29 (13.9) 

FVC % predicted, mean (SD) 68.1 (19.6) n=172 73.1 (20.7) n=513 



DLCO % predicted, mean 
(SD) 

52.1 (18.9) n=158 59.2 (22.0) n=435 

BAL lymphocyte %, mean 
(SD) 

35.4 (24.2) 19.8 (19) 

BAL lymphocyte & median 
(IQR) 

32.5 (13.6, 53.5) 13 (6, 28) 

Antigen known 168 (89) -- 

Antigen unknown 10 (5.3) -- 

Antigen not reported 10 (5.3) -- 

Idiopathic pulmonary 
fibrosis, n (%) 

-- 229 (43.4) 

Idiopathic interstitial 
pneumonia*, n (%) 

-- 126 (23.9) 

Connective-tissue disease 
associated ILD, n (%) 

-- 105 (19.9) 

Sarcoidosis, n (%) -- 68 (12.9) 
Abbreviations: CHP=chronic hypersensitivity pneumonitis; ILD=interstitial lung disease; FVC=forced 

vital capacity; DLCO=diffusion capacity of the lung for carbon monoxide; BAL=bronchoalveolar 

lavage; SD=standard deviation, IQR=interquartile range. *non-IPF 

 

BAL lymphocytosis in CHP vs. non-CHP ILDs 

BAL lymphocyte data was extracted from a total of 42 studies with 52 unique entries, given that 

some studies reported CHP data by specific phenotypes or radiological patterns. The pooled 

estimate for BAL lymphocyte % in CHP was 42.8% (95% CI 37.7, 47.8, I2 = 95.3%) (Figure 2). The 

pooled estimate for BAL lymphocyte % in IPF was calculated from 11 studies at 10.0% (95% CI 6.9, 

13.1, I2=91.2%), for non-IPF IIP calculated from five studies at 23.1% (95% CI -3.0, 43.2, I2=85.2%), for 

CTD-ILD calculated from three studies at 23.4% (95%CI 11.0-35.9, I2=45.7%), and for sarcoidosis 

calculated from nine studies at 31.2% (95% CI 17.6, 44.8, I2=95.2%) (Figure 3A-D). The I2 values 

suggest high heterogeneity for the CHP, IPF, non-IPF IIP, and sarcoidosis estimates. The BAL 

lymphocyte % differed between CHP and IPF (p<0.0001), and CHP and non-IPF IIP (p=0.0309), but 

not CHP and sarcoidosis (p<0.0966). Although the number of studies was small, we identified a 

numerical difference between CHP and CTD-ILD (p=0.0824). The sensitivity analysis using 26 studies 



that defined CHP based on radiographic and/or histologic fibrosis provided a similar pooled estimate 

for CHP lymphocyte % at 43.9% (95% CI 37.4, 50.4, I2=95.3%). Results were similar for the CHP 

pooled estimate using the inverse variance heterogeneity model (Figure S2). 

 

CD4: CD8 for CHP vs other ILDs 

BAL CD4:CD8 ratio data was extracted from a total of 21 studies for CHP, with a pooled estimate of 

1.6 (95% CI 1.1, 2.1, I2=89.3%) (Figure 4). The pooled estimate for IPF was estimated from 4 studies 

at 1.6 (95% CI 0.6, 2.5, I2=90.9%), and for sarcoidosis from 5 studies at 4.6 (95% CI 1.9, 7.3, I2=87.0%). 

Again, the I2 values suggest high heterogeneity for CHP, IPF and sarcoidosis estimates. The CD4:CD8 

ratio did not differ between CHP and IPF (p=0.9053) but differed between CHP and sarcoidosis 

(p=0.0007). No CD4:CD8 data were reported for CTD-ILD.  

 

Performance characteristics of lymphocyte thresholds 

The IPD data from eight studies was pooled and analysed as a single cohort to calculate the 

performance characteristics of BAL lymphocytosis at four different thresholds (Table 2). A 

comparison of studies providing IPD to those not providing IPD is presented in the supplement 

(Table S5). A threshold of >20% yielded a sensitivity of 68.1% and specificity of 64.8% to identify CHP 

from non-CHP ILD. A threshold of >30% yielded a sensitivity of 54.8% and specificity of 78.9% to 

identify CHP from non-CHP ILD. A threshold of >40% yielded a sensitivity of 43.1% and specificity of 

85.5% to identify CHP from non-CHP ILD. A threshold of >50% yielded a sensitivity of 30.7% and a 

specificity of 92.4% to identify CHP from non-CHP ILD. The PPV increased and the NPV decreased 

with increasing thresholds. The thresholds that maximized sensitivity and specificity were 20% and 

50%, respectively, and as expected increasing specificity lowered the sensitivity and vice versa. The 

BAL lymphocytosis value that concurrently optimized sensitivity (66.5%) and specificity (65.9%) was 



21.3%.  In comparison to findings from the pooled non-CHP population, BAL lymphocyte % 

differentiated patients with CHP from those with non-IPF IIP/IPF more accurately with higher 

specificity, and PPV (Table 3), The value that optimized sensitivity (70.7%) and specificity (67.6%) 

was similar at 21%.  

Table 2: Performance characteristics at lymphocyte % thresholds to identify CHP from non-CHP ILD 

Threshold  Sensitivity (95% 
CI) 

Specificity (95% 
CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 

20% 68.1% 
(60.9-74.7) 

64.8% 
(60.5-68.9) 

40.8%  
(37.2-44.5) 

85.1%  
(82.1-87.6) 

30% 54.8% 
(47.4-62.0) 

78.9%  
(75.3-82.2) 

46.6%  
(41.6-51.7) 

82.9%  
(80.4-85.1) 

40% 43.1% 
(35.9-50.5) 

85.5%  
(82.2-88.4) 

51.6%  
(45.0-58.14) 

80.7%  
(78.7-82.7) 

50% 30.7% 
(24.3-37.8) 

92.4% 
(89.8-94.5) 

59.6%  
(50.6-68.0) 

78.4%  
(76.8-80.1) 

Abbreviations: CHP=chronic hypersensitivity pneumonitis; ILD=interstitial lung disease; 

CI=confidence interval; PPV=positive predictive value; NPV=negative predictive value.  

  Table 3: Performance characteristics at lymphocyte % thresholds to identify CHP from IPF/IIP 

Threshold  Sensitivity (95% 
CI) 

Specificity (95% 
CI) 

PPV 
(95% CI) 

NPV 
(95% CI) 

20%  68.1% 
(60.9-74.7) 

72.7% 
(67.7-77.3) 

56.9% 
(52.0-61.6) 

81.1% 
(77.6-84.3) 

30% 54.8% 
(47.4-62.0) 

84.0% 
(79.8-87.6) 

64.4% 
(58.0-70.3) 

77.9% 
(74.9-80.6) 

40% 43.1% 
(35.9-50.5) 

90.3% 
(86.8-93.2) 

70.4% 
(62.5-77.3) 

74.8% 
(72.3-77.2) 

50% 30.9% 
(24.4-38.0) 

95.1% 
(92.3-97.2) 

77.6% 
(67.6-85.3) 

71.6% 
(69.6-73.6) 

Abbreviations: CHP=chronic hypersensitivity pneumonitis; IIP=idiopathic interstitial pneumonia; 

IPF=idiopathic pulmonary fibrosis; CI=confidence interval; PPV=positive predictive value; 

NPV=negative predictive value.  

 

In univariate analyses, older age, male sex, and ever having smoked were associated with lower 

lymphocyte % in patients with CHP (Table 4). In pre-specified multivariate analysis, age (=-0.32, 



95% CI -0.58, -0.06, p=0.016) and ever having smoked (=-11.3 95% CI -19.9, -2.6, p=0.011) were 

associated with lower lymphocyte % in patients with CHP. In multivariate analysis, we did not 

identify an association between lung function measures and BAL lymphocyte %, although these may 

not accurately reflect fibrosis extent or disease severity in this cohort. Of 169 CHP patients with an 

implicated antigen exposure, 126 (75%) were reportedly bird fanciers while the remaining 43 (25%) 

patients had diverse other exposures. We did not identify an association between antigen type and 

BAL lymphocyte %, comparing bird fanciers to other exposures.    

 

Table 4: Variables associated with lymphocyte % in chronic hypersensitivity pneumonitis 

Variable Univariate analysis Multivariate analysis 

 coefficient 
(95% CI) 

p-value Covariates  coefficient 
(95% CI) 

p-value 

Age  -0.42 (-0.68, -
0.15) 

0.002 Smoking, 
study 

-0.32 (-0.58, -
0.06) 

0.016 

Sex  -12.9 (-19.7, -
6.07) 

<0.0001 Smoking, 
study 

-5.8 (-14.0, 
2.5) 

0.168 

Smoking -16.0 (-22.9, -
9.1) 

<0.0001 Age, sex, 
study 

-11.3 (-19.9, -
2.6) 

0.011 

FVC %  -0.3 (-0.48, -
0.12) 

0.001 Age, sex, 
smoking, 

study 

-0.11 (-0.3, 
0.09) 

0.297 

DLCO % -0.1 (-0.3, 
0.1) 

0.306 Age, sex, 
smoking, 

study 

-0.02 (-0.21, 
0.17) 

0.869 

Abbreviations: =beta; CI=confidence interval; FVC=forced vital capacity; DLCO=diffusion capacity of 

the lung for carbon monoxide. 

 

DISCUSSION 

BAL fluid lymphocyte % is higher in patients with CHP compared to other non-CHP ILDs, most 

notably IPF and non-IPF IIP. However; there is high heterogeneity across studies and given that 

almost all studies used BAL fluid cellular analysis findings as part of the CHP diagnostic evaluation, 



there exists a high potential for incorporation bias, which would be expected to inflate test 

characteristics. Higher thresholds provide greater specificity for CHP at a cost of lower sensitivity, 

with a threshold of 21% optimizing both sensitivity and specificity. However, because BAL is often 

used as an intermediate diagnostic step to determine if definitive diagnosis by surgical lung biopsy is 

needed, higher BAL lymphocyte % thresholds, providing higher specificity, may be more clinically 

useful. Older age and ever having smoked were associated with lower BAL lymphocyte % in CHP. 

Unfortunately, the data do not inform the impact of other clinical variables on BAL lymphocyte % in 

a patient with suspected CHP.  

 

CHP can be challenging to diagnose, largely due to the historical lack of widely accepted consensus 

criteria. The role of BAL lymphocyte % to establish a diagnosis of CHP has remained controversial, 

with its use largely carried over from clinical experience with acute (non-fibrotic) HP.(4, 20, 21) The 

most recent international IPF guideline conditionally recommended BAL in patients with suspected 

IPF and a non-diagnostic high-resolution computed tomography (HRCT) pattern, though a meta-

analysis of eight studies reported therein found no difference in BAL lymphocyte % between IPF and 

CHP.(22) Notably, the HP BAL lymphocytosis data used in this analysis was drawn from only two 

studies, both excluded from our analysis due to patients not having 'chronic' or 'fibrotic' HP, or the 

full text being unavailable in English or French.(23, 24) Clinicians and patients must consider the risk-

benefit ratio of diagnostic tests, and the anticipated yield of clinically relevant information. Our 

findings highlight that no studies have robustly tested the additive discriminative value of BAL 

lymphocytosis in differentiating CHP from other forms of fibrotic ILD. The identification of a 

threshold that provides best sensitivity and specificity suggests that such a value could be tested 

prospectively to determine the performance of BAL cellular analysis as a diagnostic test in CHP. 

However; given the limitations of the data, this number should not as of yet be considered a 

diagnostic test, either to rule in or rule out CHP.  



 

The pooled estimates for BAL lymphocyte % show high heterogeneity and, based on the 

characteristics of the studies, we could not perform robust subset analyses to explain the differences 

between studies. Data suggest that the extent of pulmonary fibrosis, the type of antigen and time 

since last exposure will influence the degree of alveolar inflammation in HP, with lower lymphocyte 

% in CHP relative to acute HP.(11, 25, 26) In our IPD analysis, older age and a history of smoking 

were associated with lower lymphocyte %, with smoking status known to influence BAL cellular 

analyses.(5) Neither FVC% or DLCO% were associated with degree of lymphocytosis, although these 

may not be accurate surrogates of fibrosis. The lack of granular data on antigen type and time since 

exposure limited our ability to evaluate associations with lymphocytosis, and this is an area in need 

of further study. The CD4:CD8 ratio was found to be lower in CHP than in sarcoidosis, but with high 

between-study variability. The CD4:CD8 ratio is known to be influenced by exposure, smoking and 

disease severity, and this test has largely fallen out of favour in clinical practice.(5, 27) 

 

This study has important limitations. Despite the breadth of our literature search, relevant 

references may have been missed. We specifically focused on chronic/fibrotic HP, therefore these 

findings cannot be extrapolated to acute/non-fibrotic forms of HP. Given the heterogeneity in 

diagnostic criteria for CHP across studies, we cannot determine the validity of the CHP diagnoses. 

We tried to address this through the sensitivity analysis that demonstrated consistent findings. Data 

from the parent studies did not permit assessment of BAL technique and quality, or the potential 

impact of treatment on BAL cellular analysis. The data did not allow stratification of patients based 

on degree of fibrosis or presence of other HRCT morphologic features (e.g. air-trapping, centrilobular 

nodules, and ground glass opacities), which may impact the test performance characteristics. 

Further, our data did not allow for strong characterization of antigen exposure, a variable that likely 

influences the degree of alveolitis. Most importantly, the validity of our findings is limited by the 



quality of the parent studies, the majority of which are subject to incorporation bias. Despite these 

limitations, our study has several important strengths. We identified studies with an intentionally 

broad search strategy and created a large cohort using individual patient data. To the best of our 

knowledge, the current study provides the most comprehensive assessment of this clinically 

meaningful question in this patient population to date.  

 

CONCLUSIONS 

BAL lymphocyte % is higher in CHP compared to non-CHP forms of ILD, with older age and ever 

smoking associated with lower lymphocyte %. Higher thresholds of lymphocyte % provide greater 

specificity at a cost of sensitivity. Further work is needed to inform the role of BAL in the absence of 

incorporation bias, by testing the discriminative performance of lymphocyte % in established 

diagnostic prediction models. Finally, a deeper understanding of the relationships between antigen 

exposure, host factors and alveolar lymphocytosis will guide the use of BAL in the diagnostic 

evaluation of CHP.  
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Figure Legend 

Figure 1: Flow diagram of included studies based on the Preferred Reporting Items for Systematic 

Reviews and Meta-Analyses (PRISMA) Protocols. 

Figure 2: Pooled estimate for bronchoalveolar lavage lymphocyte % in chronic hypersensitivity 

pneumonitis. 

Figure 3 A-D: Pooled estimates for bronchoalveolar lavage lymphocyte % in A) idiopathic pulmonary 

fibrosis (IPF), B) non-IPF idiopathic interstitial pneumonia, C) connective-tissue disease related 

interstitial lung disease, D) sarcoidosis.  

Figure 4: Pooled estimate for bronchoalveolar lavage CD4:CD8 ratio in chronic hypersensitivity 

pneumonitis. 
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Table S1: Search Strategy  

Medline: Database(s): Ovid MEDLINE(R) and Epub Ahead of Print, In-Process & Other Non-Indexed Citations 

and Daily 1946 to August 01, 2019  
# Searches Results 

1 exp Bronchoalveolar Lavage/ 27125 

2 ((bronchoalveolar or bronchioalveolar) adj2 lavage*).tw,kf. 28781 

3 (bronchopulmonary adj2 lavage*).tw,kf. 212 

4 (bronchial adj2 lavage*).tw,kf. 1346 

5 (lung adj2 (lavage* or washing)).tw,kf. 2938 

6 (pulmonary adj2 (lavage* or washing)).tw,kf. 531 

7 ((bronchoalveolar or bronchioalveolar) adj2 fluid*).tw,kf. 14029 

8 1 or 2 or 3 or 4 or 5 or 6 or 7 41761 

9 alveolitis, extrinsic allergic/ or bird fancier's lung/ or farmer's lung/ or silo filler's disease/ or 
trichosporonosis/ 

4169 

10 ((allergic or hypersensitiv*) adj1 (alveoliti* or pneumoni*)).tw,kf. 3356 

11 (Bird adj (Fancier* or breeder* or raiser*) adj (Lung* or disease*)).tw,kf. 206 

12 "Pigeon Breeder* Lung*".tw,kf. 63 

13 ((Farmer* or fancier* or forber* or peasant*) adj (Lung* or asthma or disease)).tw,kf. 958 

14 "Silo Filler* Disease".tw,kf. 45 

15 "feather duvet lung*".tw,kf. 6 

16 (worker* adj lung*).tw,kf. 143 

17 "hot tub lung?".tw,kf. 47 

18 (plasterer* adj lung*).tw,kf. 1 

19 "Cheese-washer* lung*".tw,kf. 1 

20 (Furrier* adj lung*).tw,kf. 2 

21 Trichosporonos*.tw,kf. 184 

22 suberosis.tw,kf. 31 

23 stipatosis.tw,kf. 5 

24 espartosis.tw,kf. 4 

25 bagassosis.tw,kf. 68 

26 (ventilation adj pneumoniti*).tw,kf. 2 

27 sequoiosis.tw,kf. 2 

28 Respiratory Hypersensitivity/ 9416 

29 limit 28 to yr="1860 - 1980" 2555 

30 (respiratory adj hypersensitivit*).tw,kf. 340 

31 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 
27 or 29 or 30 

8189 

32 8 and 31 1028 



Table S2: Study Characteristics 

Author (country, 

year of publication) 

Study 

design 

CHP 

patients 

Mean age 

of CHP 

patients 

(SD) 

CHP 

male/fema

le 

Mean CHP 

BAL 

lymphocyte 

% (SD) 

Mean 

CD4:CD8 ( 

SD) 

FVC (mean, 

SD) 

Comparator 

populations (n) 

Studies included in meta-analysis (n=42) 

Barrera et al.1 

(Mexico, 2008) 

P 30 50.3 (8.1) 2/28 56.7 (17.3) 4.4 (4.1) 59.6 (17.9) -  

**
Bellanger et al.

2
 

(France, 2016) 

P 16 58.7 (13.5) 11/5 46 (29) -  -  IPF (11) 

Sarcoidosis (12) 

**
Bencic et al.

3
 

(Yugoslavia, 1990) 

P 8 -  3/5 14.1 (10.9) 0.4 (0.4) -  Sarcoidosis (29) 

Caillaud et al.
4
 

(France, 2012) 

P 41 - - 42.6 (21.6) -  -  -  

**Dai et al.5 

(Germany, 2005) 

P  12 55 (2 SEM) 4/8 66.8 (4.1 

SEM) 

3.3 (1.4 SEM) 66 (7 SEM) Sarcoidosis (10) 

**Delacroix et al.6 

(Belgium, 1985) 

P 4 64 2/2 41 -  -  IPF (1) 

Sarcoidosis (17)  

CTD-ILD (1) 

Garcia de Alba et 

al.7 (Mexico, 2015) 

P 20 54 (16) 2/18 57 (17) -  62 (17) -  

Gaxiola et al.
8
 

(Mexico, 2011) 

P Typical 

pattern: 

58 

NSIP:22 

UIP: 10 

- - Typical 

pattern: 64.6 

(20.9) 

NSIP: 52.1 

(22.7) 

UIP: 36.1 

(22.9) 

-  54.5 (17) -  

#Groot Kormelink et 

al.9 (Netherlands, 

2011)  

P  22 52 (12) 4/18 50 (19) -  61 (16) IPF (21) 

Haslam et al.10 

(United Kingdom, 

1987) 

P 15 45.4 (13.1) 8/7 54.5 (24.8) -  74.1 (17.1) -  

Inase et al.11 (Japan, 

2006) 

R 3 71.3 (3.8) 2/1 30 (10) 9.4 (7.6) 81.3 (24.8) -  

Inase et al.
12

 (Japan, 

2007) 

R 8 - - 48.9 (30.6) 4.4 (3.1) -  -  

Kishi et al.13 (Japan, 

2008) 

R UIP: 16 

fNSIP: 10 

cNSIP/OP

: 6 

UIP: 62.4 

(7.3) 

fNSIP: 58.6 

(9.8)  

23/17 UIP: 21.7 

(16.4) 

fNSIP: 40.8 

(20.8) 

UIP: 5.9 (5.9) 

fNSIP: 2.7 

(3.1)  

cNSIP/OP: 2.8 

UIP: 77.5 

(25.6) 

fNSIP: 75.9 

(18) 

-  



cNSIP/OP: 

57.1 (10.7) 

cNSIP/OP: 

67.2 (30.5) 

(4.6)  cNSIP/OP: 

91.1 (27.8) 

Koschel et al.14 

(Germany, 2010) 

R 6 59.5 (10.3) 0/6 53.8 (21.1) 1 (1.3) 74.5 (13.9) -  

 
#
Lacasse et al.

15
 

(Canada, 2003)
 

P 55 55 (11.5) 8/47 51 (21.6) -  61 (21.2) IPF (172) 

Sarcoidosis (51) 

CTD-ILD (35) 

IIP (60) 

 

**
Leatherman et 

al.
16

 (USA, 1984) 

P  6 -  -  65 (4 SEM) 0.8 (0.2) 72 (8 SE) Sarcoidosis (6) 

**
Markart et al.

17
 

(Germany, 2009) 

P 7 54.9 (6.3 

SEM) 

4/3 29.7 (8 SEM) -  68.5 (7.9 

SEM) 

IPF (16) 

Sarcoidosis (12) 

Milanowski et al.18 

(Poland, 1998) 

P  8 -  -  46.2 (13.4) -  -  -  

Murayama et al.19 

(Japan, 1993) 

P 9 61.1 (12.3) - 20 (17.9) 2.6 (2.6) 78.1 (22.4) -  

#
Nukui et al.

20
 

(Japan, 2019)  

P 32 - - 20.4 (20.9) 4.7 (4.2) 76.7 (15.7)  IPF (8) 

#
Nunes et al.

21
 

(France, 2015)
 

R 14 - - 20.6 (19.7) -  59 

(14.3) 

CTD-ILD (50) 

IIP (42) 

Ochi et al.
22

 (Japan, 

2017) 

R Cellular 

NSIP: 7 

Fibrotic 

NSIP: 16 

Discorda

nt NSIP: 

20 

Concorda

nt NSIP: 9 

Cellular 

NSIP: 55.4 

(3.7 SE) 

Fibrotic 

NSIP: 61.3 

(2.9 SE) 

Discordant 

NSIP: 56.6 

(3.4 SE) 

Concordant 

NSIP: 60.7 

(3.6 SE) 

29/23 Cellular NSIP: 

69.7 (11 SE) 

Fibrotic NSIP: 

32.9 (6.5 SE) 

Discordant 

NSIP: 24.7 

(5.4 SE) 

Concordant 

NSIP: 20.1 

(5.8 SE) 

Cellular NSIP: 

3.3 (4.4 SE) 

Fibrotic NSIP: 

2.6 (2.5 SE) 

Discordant 

NSIP: 5.2 (5.9 

SE) 

Concordant 

NSIP: 4.4 (3 

SE) 

Cellular 

NSIP: 80.2 

(7.6 SE) 

Fibrotic 

NSIP: 77.1 

(4.2 SE) 

Discordant 

NSIP: 69.3 

(4.7 SE) 

Concordant 

NSIP: 63.9 

(7.6 SE) 

-  

&Ohshimo et al.23 

(Germany, 2009)
 

R 3 74 (8.9) 3/0 67 (3.6) -  -  IPF (68) 

IIP (3) 

Ohtani et al.24 

(Japan, 2003)  

R 32 

Recurren

t: 15 

Insiduous

: 17 

Recurrent: 

57.1 (2.4 

SEM) 

Insiduous: 

64.3 (1.9 

SEM) 

18/14 Recurrent: 

69.5 (4.2 

SEM) 

Insiduous: 

23.2 (4.4 

SEM) 

Recurrent: 

0.9 (0.2 SEM) 

- Ins
id
uo
us:  
5.
1 

(1.

Recurrent: 

73.5 (6.3 

SEM) 

- I
n
s
i
d

u

- 



4 

SE
M) 

o

u
s
: 
7
4
.
8
 

(
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S
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Pardo et al.
25

 

(Mexico, 2000) 

P 15 37 (9) 3/12 78.9 (17.2) -  65 (14) -  

**
Pesci et al.

26
 (Italy, 

1993) 

P 15 45.8 (8.2 

SE) 

10/5 56.4 (4.8) -  84.7 (59-

117 

RANGE) 

IPF (9) 

Sarcoidosis (16) 

IIP (6) 

Other (3) 

Remy-Jardin et al.
27

 

(France, 1993) 

P 11 -  -  38 (5 SEM) -  77 (4.3 

SEM) 

-  

**Reynolds et al.28 

(USA, 1977) 

P  7 54 (8.6) 3/4 62 - 82.1 (6.4 

SEM) 

IPF (19) 

#
Salisbury et al.

29
 

(USA, 2018)
 

R 16 -  -  19 (16) -  61.6 (18.2) IPF (10) 

Sarcoidosis (7) 

IIP (15) 

Other (4) 

**Schmidt et al.30 

(Germany, 2002) 

P 5 53.5 (5.6 

SE) 

1/4 34.4 (5.3 

SEM) 

0.5 (0.2 SE) 62 (4.7 SE) IPF (12) 

Sarcoidosis (12) 

Selman et al.31 

(Mexico, 1991) 

P Healed: 7 

Improved

: 10 

Worsene

d: 8 

37.4 (10.6) 7/18 Healed: 37.2 

(19) 

Improved: 

43.7 (22.8) 

Worsened: 

26.5 (10.6) 

-  59.3 (16.7) 

 

-  

**Sterclova et al.32 

(Czech Republic, 

2009) 

P  16  3/13 24.6 (6.6 

SEM) 

2.1 (0.6 SEM) 72.2 (4.7 

SEM) 

- IPF 

(8) 

**Sterclova et al.33 

(Czech Republic, 

2013) 

P  14 59 (11) 7/7 19.5 (21.9) -  79.8 (17.8) Sarcoidosis (6) 

Sterclova et al.34 

(Czech Republic, 

R 7 67 (13.3) 2/5 23.1 (17.5) 1.4 (1.2) -   



2006) 

Sumi et al.35 (Japan, 

2003) 

P 2 -  2/0 53 (35.4) 0.23 (0.1) 66.7 (15.4) -  

Tsushima et al.
36

 

(Japan, 2006) 

P 22 57.1 1/21 70.5 (17.5) 0.7 (0.3) 87.1 (20) -  

#Tzilas et al.37 

(Greece, 2019) 

R 35 69.7 (9.3) 

 

25/10 24.1 (15.4)  78.1 (18.9) IPF (19) 

#
Unoura et al.

38
 

(Japan, 2011)
 

P 9 *69 (58-79) 7/2 *14.9 (0-81) -   Sarcoidosis (10) 

CTD-ILD (17) 

Voisin et al.
39

 

(France, 1981) 

P 3 - - 39.7 (5.5) -  80.7 (21.2) - 

Vourlekis et al.
40

 

(USA, 2002) 

R 3 -  0/4 24.7 (13) 1.4 (0.1)  - - - 

Wang et al.
41

 (China, 

2009) 

R 7 -  - 36.6 (21) -  - -  

      -    

Ye et al.
42

 

(Germany, 2009) 

P 16 62 (3 SE) 12/4 77 (2 SE) 3.2 (0.5 SE) 62 (5 SE) -  

Studies not included in meta-analysis (n=11) 

Adams et al.
43

 (USA, 

2018) 

R 39 - - *19 (11-41) -  - - 

**Chockalingam et 

al.44 (India, 2016) 

P 16 53.2 13/3 *39 (26-55) -  -  IPF (8) 

Sarcoidosis (3) 

CTD-ILD (9) 

Other (8) 

**Masuo et al.45 

(Japan, 2016) 

R 44 - - *13.3 *3 62.7  - 

Miyazaki et al.46 

(Japan, 2013) 

R AE: 11 

NAE: 37 

-  -  AE: *20.5 (5-

62.2) 

NAE: *26 (2-

86) 

AE: *2.2 (0.5-

19.5) 

NAE: *2.1 

(0.2-15.8) 

AE: *68.6 

(38.7-114) 

NAE: *80.7 

(37.6-

130.9) 

-  

Okamoto et al.
47

 

(Japan, 2013) 

P 222 *64 (57-

70.5) 

120/102 *24.5 (9.8-

64.8) 

*2 (1-3.8) *76.7 

(59.8-87.7) 

- 

Okamoto et al.48 

(Japan, 2013) 

 

R Familial: 

20 

Non-

Familial: 

94 

Familial: 

*57.5 

Non-

Familial: 

*64 

77/37 Familial: *9.7 

Non-Familial: 

*14.6 

Familial: *1.8 

Non-Familial: 

*2.4 

-  -  

Ojanguren et al.49 

(Spain, 2019) 

P 133 - - *16 - 68.5 (16)  - 



 

 *median (range) 

 
#
study from which IPD was obtained; 

**
study from which IPD could not be obtained; 

&
study from which IPD was 

obtained from figures, but full data set could not be obtained 

 P, prospective; R, retrospective; SD, standard deviation; SE, standard error; SEM, standard error of the mean; BAL, 

bronchoalveolar lavage; CD4:CD8, ratio of CD4 to CD8 cells in BAL fluid ; IPF, idiopathic pulmonary fibrosis; IIP, 

interstitial idiopathic pneumonias (non-specific interstitial pneumonia, lymphoid interstitial pneumonia, cryptogenic 

organizing pneumonia, respiratory bronchiolitis ILD, desquamative interstitial pneumonia, pleuroparenchymal 

fibroelastosis, acute fibrinous and organizing pneumonia, acute interstitial pneumonia; other (silicosis, pulmonary 

langerhans cell histiocytosis, amyloidosis, eosinophilic pneumonia, vasculitidites; AE, acute exacerbation; NAE, non-

acute exacerbation; CTD-ILD, connective tissue disease ILD. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

**Suhara et al.
50

 

(Japan, 2015) 

R 35 *64 23/12 *19.6 *2.6 *80 Other chronic IP 

(42)  

Vergnon et al.51 

(France, 1983) 

P 8 51.6  6/2 24 - - - 

**
Willems et al.

52
 

(Belgium, 2013) 

P 11 *57 6/5 *28  *73 IPF (11) 

Yoshizawa et al.53 

(Japan, 1999) 

P 24 -  - 46.3 1.7 67.4 - 



Table S3: Definitions of Chronic Hypersensitivity Pneumonitis 

Author  Antigen 

status 

CHP 

antigens 

(n) 

HP criteria CHP Definition 

Adams et al.43 

2018 

Mixed Bird (55) 

Feather 

(44) 

 Fibrosis on HRCT 

Barrera et al.1 

2008 

-  -  Lung histology compatible with HP 

and fulfilment of the following: (1) 

pigeon’s exposure preceding 

disease, and positive serum 

antibodies against avian antigens; 

shortness of breath with partial 

improvement upon avoidance of the 

avian antigen exposure; (3) clinical, 

radiological, and functional features 

of an ILD; (4) >40% of lymphocytes 

in BAL 

>24 months of symptoms before diagnosis; 

HRCT showing nodules, ground glass, irregular 

linear opacities, lobar volume loss, +/- cystic 

lesions; biopsy (22 patients) with >20% fibrotic 

infiltrate 

Bellanger et 

al.2 2016 

Identified Bird (1) 

Domestic 

exposure 

(6) 

Hay (9) 

 Clinical course, insidious onset, history of 

antigen exposure, radiological evidence of 

fibrosis on HRCT 

Bencic et al.3 

1990 

-  -  -  Radiography, functional parameter assessment, 

transbronchial biopsy, total T-lymphocyte count 

in BAL, and T-lymphocyte subpopulation count 

in monoclonal antibodies 

Caillaud et 

al.4 2012 

Mixed -  Fulfilment of all main criteria and >2 

additional criteria: 

Main criteria: (1) exposure to 

antigen evidenced by history, 

microbiological investigations of the 

environment OR positive precipitin 

antibodies; (2) symptoms 

compatible with HP; (3) chest 

radiographs showing infiltration 

suggestive of HP which was 

confirmed by HRCT 

Additional criteria: (1) basal 

crepitants audible on auscultation of 

lungs; (2) decreased TLco; (3) 

arterial oxygen saturation decreased 

at rest or during exercise; (4) 

restrictive ventilatory defect in 

spirometry; (5) histological changes 

compatible with HP in a biopsy 

specimen from the lung; (6) positive 

respiratory provocation test). 

Insidious onset over a period of months, with 

increasing cough and exertional dyspnea 

Chockalingam 

et al.44 2016 

Unidentifi

ed  

-  -  Fibrosis on HRCT 



Dai et al.
5
 

2005 

Identified Bird (11) 

Hay (1) 

History of exposure to organic 

antigens, clinical signs and 

symptoms consistent with HP, 

radiological features and/or 

functional abnormalities 

characteristic of ILD, BAL with 

lymphocytes >40% 

No definition given. HP described as “chronic” by 

authors. 

Delacroix et 

al.
6
 1985 

Identified Bird (2) 

Hay (2) 

 Septal fibrosis with cellular infiltration, typical 

clinical history of chronic intermittent 

respiratory and systemic symptoms related to 

the home environment or work environment 

Garcia de 

Alba et al.7 

2015 

Identified Bird (20)  >4 criteria in addition to lung histology: (1) 

history of exposure to birds and the presence of 

antibodies to avian antigen measured by ELISA; 

(2) compatible clinical history with more than 6 

months of symptoms; (3) HRCT showing 

bronchiolocentric centrilobular nodules, ground-

glass opacity, and reticular images indicative of 

fibrosis in at least 20% of the lungs; (4) BAL with 

> 40% lymphocytes (5) lung biopsy with 

morphologic features of HP 

Gaxiola et al.8 

2011 

Identified  Bird (110)   Chronic bird-fancier’s lung: (1) relevant exposure 

to birds preceding respiratory symptoms; (2) 

strong positive specific antibodies against avian 

antigens measured by ELISA; (3) clinical and 

functional features of ILD; (4) HRCT showing 

either ground glass attenuation with areas of 

lobular air trapping and/or poorly defined 

centrilobular nodules; (5) presence of some 

poorly formed granuloma or multinucleated 

giant cells in lung tissue obtained through 

surgical lung biopsy  

Groot 

Kormelink et 

al.
9
 2011 

Identified Bird (22)  Chronic bird-fancier’s lung: (1) history of pigeon 

exposure and positive serum antibodies against 

avian antigens; (2) clinical, radiological, and 

functional features of an ILD with > 6 months of 

symptoms; (3) >30% lymphocytes in BAL fluid; 

(4) lung histology compatible with HP 

Haslam et 

al.10 1987 

Identified Bird (10) 

Hay (3) 

Fungi/moul

d (2) 

All had histories of exposure to 

organic dusts and exposure-related 

respiratory symptoms. In addition to 

the tabulated details, specific 

precipitating antibodies to antigens 

of the dusts were present or had 

previously been detected in the 

serum of all patients.  

No definition given. Patients had “chronic 

changes.”   

Inase et al.11 

2006 

Identified Bird (7) History of contact with a feather 

duvet, antibodies against avian 

antigens or lymphocyte proliferation 

induced by avian antigens, 

reproduction of HP-related 

symptoms by an environmental or 

inhalation provocation test 

Evidence of pulmonary fibrosis on pathologic 

examination OR honeycombing on HRCT; 

progressive deterioration of a restrictive 

impairment of pulmonary function throughout 1 

year OR >  6 months of HP-related symptoms 

Inase et al.
12

 Identified Trichospor  Chronic summer-type HP: (1) living in the home 

with a hot and humid environment during the 



2007 on sp. (14) summer season; (2) clinical improvement after 

withdrawal from the suspected environment 

and/or a positive environmental challenge test; 

(3) antibodies against Trichosporon sp and/or 

lymphocyte proliferation induced by 

Trichosporon sp related antigen; (4) evidence of 

pulmonary fibrosis on a pathological 

examination or on HRCT; (5) more than 6 

months’ duration of HP-related symptoms 

Kishi et al.
13

 

2008 

Identified Bird (40)  Chronic bird-fancier’s lung: (1) history of avian 

contact; (2) antibodies and/or lymphocyte 

proliferation to avian antigen; (3) reproduction 

of symptoms of HP by environmental 

provocation or laboratory-controlled inhalation 

of avian antigen; (4) evidence of pulmonary 

fibrosis with or without granulomas on 

histological analysis OR (5) honeycombing on 

HRCT; (6) progressive deterioration of a 

restrictive impairment on pulmonary function 

for 1 year OR (7) respiratory symptoms related 

to HP for more than 6 months 

Koschel et 

al.14 2010 

Identified Bird (13) >6 criteria needed to define bird-

fancier’s lung: (1) a definite history 

of using feather duvets and/or 

pillows; (2) recurrent episodes of 

symptoms compatible with HP; (3) 

elevated/positive specific IgG 

antigens to goose or duck feathers; 

(4) inspiratory crackles on physical 

examination; (5) findings compatible 

with HP on chest radiograph or 

HRCT scan; (6) decreased diffusing 

capacity and/or arterial hypoxemia, 

either at rest or during exercise; (7) 

lymphocytic alveolitis in BAL fluid; 

(8) pulmonary histological changes 

compatible with HP; (9) positive 

inhalation challenge; (10) positive 

avoidance test 

Fibrosis on HRCT 

 Lacasse et 

al.15 2003 

Identified Bird (48) 

Hay (3) 

Summer-

type (1) 

Fungi/mold 

(1) 

Humidifier 

lung (2) 

BAL lymphocytosis (>30% for non 

and ex-smokers and >20% for 

current smokers) and bilateral 

ground glass or poorly defined 

centrilobular nodular opacities on 

HRCT. If the investigators were not 

confident in a final diagnosis of HP 

or non-HP with this this data, the 

investigators performed additional 

investigations at their own 

discretion (BAL fluid cytology or 

culture, transbronchial or 

endobronchial biopsy, or 

mediastinoscopy). Patients 

underwent surgical lung biopsy 

when the HRCT, the BAL, and other 

diagnostic procedures failed to yield 

a diagnosis. 

Fibrosis on HRCT (personal communication) 

 

 

 

 

 

 

 



Leatherman 

et al.
16

 1984 

Identified Bird (2) 

Hay (4) 

 All patients had gradually progressive dyspnea 

on slight to moderate exertion and ongoing 

exposure to etiologic antigens 

Markart et 

al.
17

 2009 

-   Evidence of exposure to appropriate 

antigen by history, investigation of 

the environment, serum precipitin 

test, and/or BAL fluid antibody, BAL 

fluid lymphocytosis , and positive 

“natural challenge” or by controlled 

inhalational challenge 

Permanent impairment of lung function and 

presence of fibrosis on HRCT scans, traction 

bronchiectasis, and/or honeycombing 

Masuo et al.45 

2016 

Mixed Bird (60) History of avian antigen exposure, 

findings on high-resolution 

computed tomography, lung biopsy 

findings, or results of immunological 

examinations with the lymphocyte 

proliferation test or specific 

antibodies to avian antigens 

Positive inhalation-provocation test 

Milanowski et 

al.18 1998 

Identified Hay (14) History and antigen provocation Chronicity stated in patients based on their 

clinical picture, BAL analysis, and allergological 

tests. 

Miyazaki et 

al.
46

 2013 

Identified Bird (56)  Chronic bird-fancier’s lung: (1) history of avian 

contact; (2) antibodies and/or lymphocyte 

proliferation against avian antigens; (3) 

reproduction of symptoms of HP by an 

environmental provocation or a laboratory-

controlled inhalation of an avian antigens; (4) 

progressive deterioration of a restrictive 

impairment on pulmonary function for at least 1 

year; (5) respiratory symptoms related to HP for 

at least 6 months; (6) evidence of pulmonary 

fibrosis with or without granulomas on 

histopathological analysis OR (7) honeycombing 

on HRCT 

Murayama et 

al.19 1993 

Mixed Bird (5) 

Summer-

type HP (5) 

Isocyanate 

(1) 

Unknown 

(6) 

Diagnosis of HP was based on 

history, clinical evaluation, and 

radiologic patterns, including 

provocation tests or home challenge 

tests 

Fibrosis on transbronchial lung biopsy and HRCT 

Nukui et al.20 

2019 

Identified Bird (63)  >3 or more of the following (including 5, either 2 

or 3, and either 1 or 6):  

(1) Reproduction of symptoms of HP by an 

environmental provocation or laboratory-

controlled inhalation of the causative antigen; 

(2) evidence of pulmonary fibrosis with or 

without granulomas; (3) honeycombing on 

computed tomography scans; (4) progressive 

deterioration of a restrictive impairment on 

pulmonary function over 1 year; (5) over 6 

months duration of respiratory symptoms 

related to HP; or (6) antibodies and/or 

lymphocyte proliferation to the presumptive 



antigen. 

Nunes et al.
21

 

2015 

Identified Bird (12) 

Hay (1) 

Textile/org

anic dust 

(1) 

Fungi/moul

d(1) 

 History of exposure to an inhaled antigen known 

to cause CHP and either confirmatory serum 

precipitins or a lymphocytic BAL 

Ochi et al.
22

 

2017 

Identified  Bird (52)  >3 or more of the following (including 5, either 2 

or 3, and either 1 or 6): (1) reproduction of 

symptoms of HP by an environmental 

provocation or laboratory-controlled inhalation 

of the causative antigen; (2) evidence of 

pulmonary fibrosis with or without granulomas; 

(3) honeycombing on computed tomography 

scans; (4) progressive deterioration of a 

restrictive impairment on pulmonary function 

over 1 year; (5) over 6 months duration of 

respiratory symptoms related to HP; or (6) 

antibodies and/or lymphocyte proliferation to 

the presumptive antigen. 

Ohshimo et 

al.23 2009 

Identified Bird (1) 

Humidifier 

lung (1) 

Hay (1) 

The diagnosis of patients initially 

diagnosed with IPF was refined by 

histories of exposure to relevant 

environmental antigens, positive 

serum precipitins, and a favourable 

clinical course after avoidance of 

antigens and the administration of 

corticosteroids. 

*Fibrosis on HRCT 

Ohtani et al.
24

 

2003 

Identified Bird (32)  Chronic bird fancier’s lung: (1) history of avian 

contact; (2) antibodies and/or lymphocyte 

proliferation to avian antigen; (3) reproduction 

of symptoms of HP by an environmental 

provocation or laboratory-controlled inhalation 

of avian antigen; (4) evidence of pulmonary 

fibrosis with or without granulomas on 

histopathologic analysis OR (5) honeycombing 

on HRCT; (7) 

progressive deterioration of a restrictive 

impairment on pulmonary function throughout 1 

year OR (8) more than 6 months’ duration of 

respiratory symptoms related to HP 

Ojanguren et 

al.49 2019 

Mixed Bird (72) 

Fungi (12) 

Others (11) 

Unknown 

(34) 

 >4 major criteria (symptoms compatible with 

HP, evidence of exposure to antigen by history 

or detection in serum and/or BAL fluid antibody, 

findings compatible with HP on chest radiograph 

or HRCT, BAL fluid lymphocytosis, pulmonary 

histologic changes compatible with HP, positive 

"natural challenge") and >2 minor criteria 

(bibasilar rales, decreased DLCO, arterial 

hypoxemia).  



Okamoto et 

al.
47

 2013 

Mixed Bird (134) 

Summer-

type HP 

(33) 

Home-

related HP 

(25) 

Isocyanate 

(3) 

Farmer’s 

(4) 

Other (4) 

Unknown 

(19) 

 Clinical improvement after withdrawal from the 

suspected environment and/or reproduction of 

symptoms by an environmental provocation nor 

laboratory-controlled inhalation of a causative 

antigen and/or antibodies or lymphocyte 

proliferation to the presumptive antigen, 

evidence of pulmonary fibrosis on a pathological 

examination or on HRCT, and respiratory 

symptoms related to HP for 6 months or longer 

Okamoto et 

al.48 2013 

Identified Bird (114) >3 of:  (1) recurrence of HP 

symptoms triggered by an 

environmental stimulus or 

laboratory-controlled inhalation of 

the antigen; (2) antibodies and/or 

lymphocyte proliferation to the 

antigen; (3) evidence of pulmonary 

fibrosis with or without granulomas; 

(4) honeycombing evident on CT 

scans; (5) progressive deterioration 

of a restrictive impairment in 

pulmonary function over the course 

of 1 year; (6) persistence of 

respiratory symptoms associated 

with HP for more than  6 months 

*Fibrosis on HRCT 

Pardo et al.25 

2000 

Identified Bird (15) Pigeon-breeder’s disease: (1) 

pigeon’s exposure preceding 

disease, and positive serum 

antibodies against avian antigens; 

(2) shortness of breath with partial 

improvement upon avoidance of the 

avian antigen exposure; (3) clinical, 

radiological, and functional features 

of an ILD; (4) >40% of lymphocytes 

in BAL fluid; (5) lung histology 

compatible with HP 

*Fibrosis on lung biopsy 

Pesci et al.26 

1993 

Identified Hay (15) Farmer’s lung disease: (1) history of 

exposure to mouldy hay; (2) clinical 

and radiological features and/or 

functional pattern of interstitial lung 

disease; (3) evidence of antibodies 

against Micropolyspora faeni 

Fibrosis on lung biopsy 

Remy-Jardin 

et al.27 1993 

Identified Bird (24) Confirmation of HP was obtained 

with a combination of a typical 

clinical history, physical examination 

findings, and positive results of a 

serum precipitin test 

*Fibrosis on HRCT 



Reynolds et 

al.
28

 1977 

Mixed  No explicit criteria for HP. The 

authors describe 7 patients initially 

diagnosed with IPF, “but the 

episodic nature of the respiratory 

symptoms, serological studies, or 

histopathology of the lung biopsy 

suggested that they had a form of 

hypersensitivity pneumonitis” 

No definition given. HP described as “chronic” by 

authors. 

Salisbury et 

al.
29

 2018 

Mixed Bird (17) 

Textile/org

anic dust 

(1) 

Other (20) 

Supporting evidence sufficient for 

HP diagnosis verification including 

classic findings on surgical lung 

biopsy, or at least two of: (1) BAL 

lymphocytosis >20%; (2) consistent 

findings on transbronchial or 

surgical lung biopsy (any of loose 

non-necrotizing granulomas, giant 

cells, mononuclear inflammatory 

interstitial or peribronchiolar 

infiltrate); (3) a plausible exposure 

history 

Fibrosis on lung biopsy 

Schmidt et 

al.30 2002 

Identified Bird (4) 

Hay (1) 

Proof of hypersensitivity response to 

an inhaled antigen, precipitating 

antibodies against offending 

antigen, patchy interstitial 

infiltrations in CXR or HRCT, 

elevated BALF counts with 

decreased CD4-to-CD8 ratio 

No definition given. Patients included in study 

described as having “chronic ILDs.” 

Selman et 

al.31 1991 

Identified Bird (25) Bird fancier’s lung: (1) a close 

exposure to pigeons with a 

relationship between avian antigen 

exposure and disease onset; (2) 

progressive dyspnea, bilateral 

roentgenographic shadowing 

without hilar adenopathy, 

predominantly restrictive functional 

impairment and hypozxmia at rest 

which usually worsened with 

exercise; (3) specific serum and BAL 

precipitating antibodies to avian 

antigens determined by enzyme-

linked immunosorbent assay and 

morphologic findings consistent 

with the diagnosis of HP 

No definition given. HP described as “chronic” by 

authors. 

Sterclova et 

al.34 2006 

Identified Bird (2) 

Hay (2) 

Textile/org

anic dust 

(2) 

Metallic (1) 

No criteria listed. Patients 

underwent BAL with cytological and 

cytometric examination of BAL fluid, 

HRCT of the chest, serum 

concentrations of IgG, and exposure 

to a known offending antigen at the 

time of diagnosis. 

HRCT interstitial score used to define disease 

chronicity 

Sterclova et 

al.32 2009 

-  
 

  History of exposure to suspect antigen, 

symptoms, physical findings, radiographic 

abnormalities, pulmonary function, 

immunological tests, and BAL results. Lung 

biopsy required when the diagnosis was not 



definite (2 patients) 

Sterclova et 

al.
33

 2013 

Not 

described 

  +/- history of exposure to inhalation antigen; 

crackles; decreased DLCO; +/- BAL fluid 

lymphocytosis; 

BAL fluid CD4/CD8 (increased, decreased, or 

normal); HRCT showing centrilobular nodules, 

GGO, mosaic perfusion, condensations, 

interstitial septa thickening, honeycombing; 

histology showing granuloma, organizing 

pneumonia, usual interstitial pneumonia, non-

specific interstitial pneumonia, desquamative 

interstitial pneumonia 

Suhara et al.
50

 

2015 

Identified Bird (35)  > 3 or more of the following (including 5, either 

2 or 3, and either 1 or 6): (1) reproduction of 

symptoms of HP by an environmental 

provocation or laboratory-controlled inhalation 

of the causative antigen; (2) evidence of 

pulmonary fibrosis with or without granulomas; 

(3) honeycombing on computed tomography 

scans; (4) progressive deterioration of a 

restrictive impairment on pulmonary function 

over 1 year; (5) over 6 months duration of 

respiratory symptoms related to HP; or (6) 

antibodies and/or lymphocyte proliferation to 

the presumptive antigen. 

Chronic cases underwent surgical lung biopsy 

and tested positive on the inhalation challenge 

test for diagnostic confirmation. 

Sumi et al.
35

 

2003 

Identified Di-

isocyanate 

(3) 

Di-isocyanate-induced HP: 

reproduction of acute symptoms 

after environmental exposure in the 

workplace, consistent levels of IgG 

antibody to diisocyanate-human 

serum antibody (HSA) and BAL fluid, 

IgA antibodies only in BAL fluid, BAL 

lymphocytosis with a low ratio of 

CD4 to CD8, proliferation of 

peripheral blood to antigen, BAL 

lymphocyte responsiveness to 

diisocyanate-HSA and histological 

findings compatible with HP 

Fibrosis on transbronchial lung biopsy 

Tsushima et 

al.36 2006 

Identified Fungi/moul

d (22) 

Clinical features, laboratory findings, 

histological examination of tissues 

obtained by transbronchial lung 

biopsy, lymphocyte stimulation test 

and precipitating antibody due to 

Bunashimeji spores, characteristic 

findings on HRCT, and typical BAL 

findings 

*Fibrosis on HRCT 

Tzilas et al.37 

2019 

   Presence of an inciting antigen, compatible 

HRCT imaging, BALF lymphocytosis and new 

information during dynamic follow up of the 

patients (identification of a previously 



unrecognized inciting antigen) 

Unoura et 

al.
38

 2011 

Identified Home-

related (9) 

 > 3 of the following (including 5, either 2 or 3, 

and either 1 or 6): (1) reproduction of symptoms 

of HP by an environmental provocation or 

laboratory-controlled inhalation of the causative 

antigen; (2) evidence of pulmonary fibrosis with 

or without granulomas; (3) honeycombing on 

computed tomography scans; (4) progressive 

deterioration of a restrictive impairment on 

pulmonary function over 1 year; (5) over 6 

months duration of respiratory symptoms 

related to HP; or (6) antibodies and/or 

lymphocyte proliferation to the presumptive 

antigen 

Vergnon et 

al.
51

 1983 

Identified Bird (3) 

Isocyanate 

(1) 

Other (4) 

 No definition given. HP described as “chronic” by 

authors. 

Voisin et al.39 

1981 

Identified  Bird (3) Clinical, radiological, and biological 

features of bird-fancier’s lung 

No definition given. HP described as “chronic” by 

authors. 

Vourlekis et 

al.40 2002 

 Bird (3) 

Fungi/moul

d (1) 

Clinical evidence of ILD and 

characteristic chest radiography, 

exposure to antigen known to cause 

HP and either confirmatory serum 

precipitins or a lymphocytic BAL 

Fibrosis on biopsy 

Wang et al.41 

2009 

Mixed  Criteria 1-5 required for diagnosis 

without recourse to BAL and lung 

biopsy. At least one of 6 or 7 

required if criteria 1 or 2 not 

fulfilled: (1) known exposure; (2) 

recurrent episodes of symptoms 

after exposure and improvement 

with contact avoidance; (3) 

recurrent or chronic respiratory 

symptoms such as cough and 

dyspnea; (4) serological tests for 

antinuclear antibodies, anti-double-

stranded DNA antibody, anti-

extractable nuclear antigen 

antibodies, antineutrophil 

cytoplasmic autoantibodies, and 

angiotensin-converting enzyme 

were negative; (5) radiological 

evidence of diffuse lung diseases; (6) 

bronchoalveolar lavage fluid 

revealed lymphocytosis (>30% for 

non-smokers and ex-smokers or 

>20% for current smokers; (7) lung 

biopsy specimen showing 

bronchiolocentric, chronic 

interstitial pneumonitis with non-

necrotizing granulomas 

Respiratory symptoms or evidence of lung 

disease lasting for more than 4 months 



 

 

 

 

 

 

 

 

 

 

 

 

 

  

Willems et 

al.
52

 2013 

-    Clinical course and insidious onset over a period 

of months, history of antigen exposure, 

radiological, and/or histopathological data. 

Presence of fibrosis in radiological data. 

Ye et al.
42

 

2009 

Identified Bird (10) 

Humidifier 

lung (1) 

Fungi/moul

d (5) 

HP diagnosed based on the 

following criteria: (1) history of 

exposure to organic antigens; (2) 

clinical signs and symptoms 

consistent with HP; (3) radiologic 

features and/or functional 

abnormalities characteristic of 

interstitial lung disease; (4) evidence 

of serum precipitins against 1 or 

more organic antigens; (5) BAL fluid 

with increased lymphocytes 

Characterized by insidious loss of exercise 

tolerance associated with dyspnea, dry cough, 

and weigh loss. HRCT showed widespread and 

dominant ground glass densities, with some 

reticulation and minor or no honeycombing. 

Yoshizawa et 

al.53 1999 

Identified Summer-

type (10) 

Home-

related (5) 

Bird (7) 

Isocyanate 

(5) 

Hay (4) 

Other (5) 

 >3 of the following (including 5, either 2 or 3, 

and either 1 or 6): (1) reproduction of symptoms 

of HP by an environmental provocation or 

laboratory-controlled inhalation of the causative 

antigen; (2) evidence of pulmonary fibrosis with 

or without granulomas; (3) honeycombing on 

computed tomography scans; (4) progressive 

deterioration of a restrictive impairment on 

pulmonary function over 1 year; (5) over 6 

months duration of respiratory symptoms 

related to HP; or (6) antibodies and/or 

lymphocyte proliferation to the presumptive 

antigen 



Table S4: Quality Assessment of Included Studies Using the Quadas-2 Tool54 

 Risk of Bias Applicability concerns 

Study Patient 

Selection 

Index Test Reference 

Standard 

Flow and 

Timing 

Patient 

Selection 

Index Test Reference 

Standard 

Adams et al.43 

2018 

L H H U L L L 

Barrera et al.
1
 

2008 

U H L L L L L 

Bellanger et 

al.2 2016 

L H L U L L L 

Bencic et al.
3
 

1990 

U H H L L L H 

Caillaud et 

al.4 2012 

L H U L L L H 

Chockalingam 

et al.44 2016 

U H H U L L H 

Dai et al.5 

2005 

L H H L H L H 

Delacroix et 

al.6 1985 

U H L U L L L 

Garcia de 

Alba et al.7 

2015 

U U H L L L L 

Gaxiola et al.8 

2011 

U H U L L L L 

Groot 

Kormelink et 

al.
9
 2011 

U H H U U L H 

Haslam et 

al.
10

 1987 

U U U U H L H 

Inase et al.11 

2006 

U U U U L L L 

Inase et al.
12

 

2007 

U U U U L L L 

Kishi et al.13 

2008 

U U U L L L L 



Koschel et 

al.14 2010 

U H H L L L L 

Lacasse et 

al.
15

 2003 

L H H L L L L 

Leatherman 

et al.
16

 1984 

U H U U H L H 

Markart et 

al.17 2009 

L H H L L L L 

Masuo et 

al.
45

 2016 

U H H L U L H 

Milanowski 

et al.18 1998 

U H U U H L H 

Miyazaki et 

al.46 2013 

L U U U L L L 

Murayama et 

al.
19

 1993 

U H H U L L L 

Nukui et al.20 

2019 

L H L L L L L 

Nunes et al.21 

2015 

L H H L U L H 

Ochi et al.22 

2017 

L U U L L L L 

Ojanguren et 

al.49 2019 

L H H U U L H 

Ohshimo et 

al.23 2009 

L H L L L L L 

Ohtani et al.24 

2003 

L U L L L L L 

Okamoto et 

al.47 2013 

U H U L L L L 

Okamoto et 

al.48 2013 

L U U U L L L 

Pardo et al.25 

2000 

U H H L L L L 

Pesci et al.26 

1993 

U U U L L L L 



Remy-Jardin 

et al.27 1993 

L U U U L L L 

Reynolds et 

al.
28

 1977 

U U U U U L H 

Salisbury et 

al.
29

 2018 

L H H L L L L 

Schmidt et 

al.30 2002 

U U U U U L U 

Selman et 

al.
31

 1991 

U L U L H L H 

Sterclova et 

al.34 2006 

L H L L L L L 

Sterclova et 

al.32 2009 

U H H U L L U 

Sterclova et 

al.
33

 2013 

U H H L L L L 

Suhara et 

al.50 2015 

L U U U L L L 

Sumi et al.35 

2003 

U H H L L L L 

Tsushima et 

al.36 2006 

L H H L L L L 

Tzilas et al.37 

2019 

L H H L L L L 

Unoura et 

al.38 2011 

L U U L L L L 

Vergnon et 

al.51 1983 

U U H L H L H 

Voisin et al.
39

 

1981 

U H U U H L H 

Vourlekis et 

al.40 2002 

L H H L L L L 

Wang et al.41 

2009 

L H H L H L H 

Willems et 

al.52 2013 

L H H L L L L 



Ye et al.
42

 

2009 

L H H L L L L 

Yoshizawa et 

al.
53

 1999 

U L L L L L L 

Abbreviations: H=high; L=low; U=unclear. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S5: Characteristics of Studies Providing or Not Providing Individual Patient Data 

 Provided IPD, mean (SD) No IPD, mean (SD) 

Number of studies 8 15 

Number of patients 232 373 

Year range 2003-2019 1977-2019 

Age (years) 60.2 (12.4) 58.2 (78.3)1 

Male Sex (%) 95 (41%) 134 (36%) 

Smoking 

(current/ex/never/NR) 

7/85/70/55 19/70/168/40 

BAL lymphocyte %  35.4 (24.2) 40.4 (66.3)2 

FVC (% pred) (SD) 66.6 (19.8) 70.9 (109)3 

 IPD=individual patient data; NR = not reported; BAL=bronchoalveolar lavage, FVC=forced vital capacity 

 

1. Based on 10 studies that provided mean age 
2. Based on 10 studies that provided mean lymphocyte % 
3. Based on 10 studies that provided mean FVC % predicted 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S1: Funnel Plot Assessment of Studies on Bronchoalveolar Lavage Lymphocyte % in Chronic 

Hypersensitivity Pneumonitis 

 

 



Figure S2: Forest plot of Bronchoalveolar Lavage Lymphocyte % in Chronic Hypersensitivity Pneumonitis, 

using inverse variance heterogeneity model 
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