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Comparison of lymphocyte immune phenotypes in 
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and other interstitial lung diseases

Eva Novosadova1, Zdenka Navratilova1, Marta Ordeltova2, Monika Zurkova3, Jaromir Zatloukal3, 
Vitezslav Kolek3, Martin Petrek1,4

1Department of Pathological Physiology, Faculty of Medicine and Dentistry, Palacky University, Olomouc, Czech Republic; 2Department of 

Immunology, Faculty of Medicine and Dentistry and University Hospital Olomouc, Olomouc, Czech Republic; 3Department of Respiratory 

Medicine, Faculty of Medicine and Dentistry and University Hospital Olomouc, Palacky University Olomouc, Olomouc, Czech Republic; 4Institute 

of Molecular and Translational Medicine, Faculty of Medicine and Dentistry, Palacky University, Olomouc, Czech Republic

Contributions: (I) Conception and design: M Petrek, E Novosadova; (II) Administrative Support: M Petrek; (III) Provision of study materials or 

patients: V Kolek, J Zatloukal, M Zurkova; (IV) Collection and assembly of data: M Ordeltova; (V) Data analysis and interpretation: E Novosadova, 

Z Navratilova; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Prof. Dr. Martin Petrek. Faculty of Medicine and Dentistry, Palacky University, Hnevotinska 3, Olomouc 775 15, Czech Republic. 

Email: martin.petrek@fnol.cz.

Background: Bronchoalveolar lavage (BAL) as complementary method is still used as ancillary tool in 
diagnosis of interstitial lung diseases. Tobacco smoking has been described to affect the BAL lavage cellular 
profile. To our knowledge, only few reports have so far investigated CD3+CD4+ and CD3+CD8+ lymphocyte 
subsets in non-smoking sarcoidosis patients additionally stratified according to CXR stage, and compared 
them to other non-smoking patients with interstitial lung diseases (ILDs). 
Methods: We compared lymphocytes immune phenotypes, subsets, with CD3+, CD3+CD4+ and CD3+CD8+ 
cell markers, in the non-smoking subjects (n=297) including the patients with pulmonary sarcoidosis (S), 
idiopathic pulmonary fibrosis (IPF) (n=22), hypersensitivity pneumonitis (HP) (n=15), other interstitial 
idiopathic pneumonias (OIIPs) (n=39). According to prognosis, the patients with S were divided into four 
groups: 18 patients with Löfgren’s syndrome (LS) in chest X-ray (CXR) ≤1 stage, 64 patients without LS in 
CXR ≤1 stage, 113 patients in CXR 2 stage and 26 patients with advanced CXR ≥3 stage. 
Results: After the use of false discovery rate (FDR) correction, relative numbers (%) of CD3+, CD3+CD4+, 
CD3+CD8+ and CD3+CD4+/CD3+CD8+ ratio showed the most significant differences between the non-
smokers with S (both with/without LS) and the non-smokers with other ILDs (IPF, OIIPs, HP). These 
lymphocytes subsets were further altered in the non-smokers with CXR stage 2 compared to the non-
smokers with other ILDs (IPF, OIIPs, HP). We did not observe any differences in these lymphocyte subsets 
and CD3+CD4+/CD3+CD8+ ratio between the non-smokers with advanced sarcoidosis stage (CXR ≥3) and 
the non-smokers with IPF.
Conclusions: Our data on the non-smokers confirmed the presence of the typical BAL cellular profile 
in sarcoidosis. The BAL cellular profile was helpful namely for differentiation of less advanced sarcoidosis. 
Its definite diagnostic utility should be the subject of further clinical studies with large numbers of the well 
characterized patients taking into consideration other clinical factors influencing BAL cellular profile, such 
as smoking or treatment.
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Introduction

The increase of CD3+CD4+ T lymphocytes, which are 
surface markers of T helper 1 and 17 type immune response 
leading to the granuloma formation, is usually observed 
in sarcoidosis patients, compared to other interstitial lung 
diseases (ILDs) (1,2). Nevertheless patients in diverse stages 
of sarcoidosis, such as patients with Löfgren’s syndrome (LS) 
and advanced third or fourth chest X-ray (CXR) stage could 
have completely different BAL cellular profile (3). 

CD3+CD4+ T cells are a potential target for therapy. 
Anti-inflammatory therapies are based on the gene 
suppression of mediators released by activated CD4+ T 
cell, such as interleukin-2, tumor necrosis factor-alpha 
and interferon-gamma. This form of treatment is used in 
several types of sarcoidosis. However it has been shown 
that corticosteroid therapy has a serious toxic side effect. 
Non-steroidal anti-inflammatory drugs have also serious 
side effects (4). Activated T cells are potential targets for 
lymphocyte specific treatment in sarcoidosis, however 
these therapies are still poor (5). Still, there is a need to 
investigate CD4+ T cells in more detail.

It is important to emphasize that distinct sarcoidosis 
chest radiographic stages can differ in the composition 
of the BAL immune cells. Increase of lymphocyte counts 
with the elevation of CD4+ lymphocyte subset, resulting in 
the higher CD4+/CD8+ ratio in bronchoalveolar space, is 
typical for pulmonary sarcoidosis (6-9). Higher CD4+/CD8+ 
ratio could be observed especially in its acute onset (10). 
In 80% of sarcoidosis cases bronchoalveolar lavage (BAL) 
shows a moderate (20–50%) lymphocytosis and CD4+/
CD8+ ratio higher than 3.5 in 50% of cases (11,12). Despite 
favourable outcomes in two-thirds of patients, a third of 
them experience long-standing disease and are at risk of 
developing fibrosis (13). In some reports, which contain 
data about BAL CD4+ and CD8+ lymphocyte subsets, there 
is no information about sarcoidosis chest radiographic 
stages or forms of sarcoidosis clinical manifestations (14-16).

Previously only few reports compared BAL cellular 
profile of different pulmonary sarcoidosis radiographic 
stages to other interstitial lung diseases, but they do not 
include information about BAL CD4+ and CD8+ lymphocyte 
subsets. One of these publications consisted of subjects who 
were smokers and non-smokers and the second publication 
do not included information about smoking status of 
studied subjects (17,18). Smoking status and history should 
not be omitted (19-22). To avoid the confounding effect of 

smoking on different BAL lymphocyte subsets we excluded 
smokers and ex-smokers from our study. We would like 
to fill a gap in knowledge about differences in lymphocyte 
subsets between different stages of pulmonary sarcoidosis 
and other interstitial lung diseases in non-smoking patients.

Methods

Study population

We performed the retrospective analysis of 297 subjects 
who had interstitial lung disease and were enrolled in the 
Department of Respiratory Medicine and Tuberculosis, 
University Hospital Olomouc, the Czech Republic in 
years 1995–2013. All subjects were non-smokers. All 
patients gave their informed consent to participate, which 
was approved by the local Ethical committee of Medical 
Faculty PU & University Hospital (Olomouc, the Czech 
Republic). Characteristics of the non-smoking patients with 
ILDs are provided in Table 1. In to our study were included 
sarcoidosis patients in early disease stage with/without LS 
in chest radiographic stage (CXR) ≤1, patients in CXR 
stage 2 and patients with advanced stage in CXR stage ≥3. 
Patients with LS have acute and milder form of sarcoidosis 
with classical symptoms as a fever, erythema nodosum, 
arthralgia and bilateral hilar lymphadenopathy. Stage 2 is 
bilateral hilar adenopathy with parenchymal infiltration. 
Patients in stage 3 have parenchymal infiltration without 
hilar adenopathy. Stage 4 is characterized by advanced 
fibrosis (23).

BAL processing and flow cytometry

Data regarding to the BAL lymphocyte subsets were obtained 
by routine examination of bronchoalveolar lavage fluid 
(BALF) for the diagnostic purposes. BALF was collected as 
it was described elsewhere (24,25). In the years 1995–2004 
was used Flow Cytometer Coulter Epics XL and from the 
year 2004 (Beckman Coulter). From year 2004 was used BD 
FACSCanto (Becton Dickinson, USA). For Examination 
of samples with FACSCanto BAL cells were stained with 
Simultest CD4/CD8 Reagent (342407) (CD4-FITC/CD8-
PE) and Simultest CD3/CD19 Reagent (34240) (CD3-FITC/
CD19-PE) from BD Biosciences. Differential cell counts 
were performed routinely in the cytological laboratory of the 
Department of respiratory medicine using May-Gruenwald-
Giemsa stained cytocentrifuge slides of BAL cells.
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Table 1 Characteristics of the non-smoking ILD patients enrolled into the study

Parameter
S CXR ≤1 
without LS 

(n=64)

S CXR =2 
(n=113)

S CXR ≤1 with 
LS (n=18)

S CXR ≥3 
(n=26)

IPF (n=22) OIIPs (n=39) HP (n=15)

Age 47.7±12.6 40.2±8.0/ 
52.0±12.8

36.7±7.3 50.7±14.9 59.9±12.0 58.0±14.9 53.7±8.9

Age male/female 45.5±11.9/ 
53.8±11.7

50.5±12.4 33.2±4/ 
33.2±4

42.4±10.5/ 
57±11.7

62.4 ±10.0/ 
58.2±13.0

59.1±12.8/ 
57.3±15.9

55±5.3/ 
53.0±10.2

Sex male/female 23/41 45/68 6/12 9/17 9/13 14/25 5/10

CXR 0/1 9/55 – 1/17 – – – –

CXR 3/3-4/4 – – – 22/2/2 – – –

BAL recovery (%) 62.1±9.2 61.7±10.2 64.1±7.1 60.2±11.4 66.8±8.9 62.2±11.0 64.9±11.0

BAL total cell num. (×105) 0.8±0.6 0.9±0.5 1.0±0.3 0.9±0.8 1.5±0.9 1.3±1.0 0.8±0.4

BAL macrophages relative num. (%) 75.8±11.1 73.2 ±12.9 78.3±11.8 75.7±17.6 76.7±13.8 70.3±19.2 61.1±17.9

BAL macrophages absolute num. 
(×105) 

0.6±0.4 0.7 ±0.4 0.8±0.3 0.75±0.74 1.1±0.7 0.9±0.8 0.5±0.3

BAL lymphocytes relative num. (%) 21.8±11.1 21.8 ±9.9 20.1±12.0 18.3±13.2 9.4±9.4 15.3±14.5 28.3±17.7

BAL lymphocytes absolute num. (×105) 0.6 ±0.4 0.2±0.2 0.2±0.1 0.15±0.11 0.2±0.3 0.2±0.3 0.2±0.2

BAL neutrophils relative num. (%) 2.0±3.8 3.4 ±4.9 1.23±1.21 5.5±14.0 11.1±13.9 11.9±13.8 7.3±5.4

BAL neutrophils absolute num. (×105) 0.015±0.036 0.4±3.7 0.012±0.012 0.034±0.06 0.2±0.2 0.1±0.1 0.1±0.1

BAL eosinophils relative num. (%) 0.5±0.9 0.8 ±2.1 0.4±0.5 0.6±1.6 2.9±3.2 2.5±4.6 3.3±4.4

BAL eosinophils absolute num. (×105) 0.005±0.015 0.008±0.025 0.003±0.005 0.002±0.006 0.1±0.1 0.02±0.04 0.03±0.05

BAL CD3+ relative num. (%) 83.5±15.4 80.9±14.2 86.0±11.5 76.6±16.0 71.8±11.9 73.5±20.9 79.5±12.5

BAL CD4+ relative num. (%) 65.4±20.8 60.0±19.7 71.5±16.5 53.5±16.0 42.9±16.1 38.9±18.7 39.5±15.7

BAL CD8+ relative num.(%) 16.2±11.1 19.2±14.0 13.1±7.5 20.4±10.5 25.8±14.0 32.8±20.7 39.4±19.0

BAL CD4/CD8 ratio 7.5±7.7 5.7±5.4 9.4±8.6 4.09±4.06 2.9±3.2 2.2±2.7 1.5±1.5

BAL CD19+ relative num. (%) 0.9±1.5 1.2±2.1 0.7±0.7 0.8±1.2 1.0±1.2 0.5±0.8 0.7±0.8

Data of BAL cellular profile are provided as mean ± standard error of the mean. BAL, bronchoalveolar lavage; ILD, interstitial lung disease; S, 
sarcoidosis; CXR, chest X-ray; LS, Löfgren’s syndrome; IPF, idiopathic pulmonary fibrosis, OIIPs, other idiopathic interstitial pneumonias; 
HP, hypersensitivity pneumonitis; num., numbers. 

Statistical analysis

Differences in BAL lymphocyte immune phenotypes among 
investigated groups were analysed by Mann-Whitney 
test with SPSS 23. P values of particular comparisons 
underwent false discovery rate (FDR) correction according 
to Hochberg and Benjamini to remove false positive results 
and were marked as Pc, P value after correction (26). The 
significance level was set at Pc<0.05.

Results 

In our analyses, we focused on data regarding to BAL 
lymphocyte subsets because to our knowledge, there was no 
report that would provide information about comparison 
of CD3+, CD3+CD4+, CD3+CD8+ relative numbers and 
CD3+CD4+/CD3+CD8+ ratio of distinct sarcoidosis stages and 
other ILD groups, especially in the non-smoking patients. 
After FDR correction of our data, significant differences 
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were observed between sarcoidosis patients (S) with LS and S 
CXR ≥3. S patients with LS had elevated relative numbers of 
CD3+, CD3+CD4+ cells and higher CD3+CD4+/CD3+CD8+ 
ratio than S CXR ≥3 (Figure 1).  

Significant differences in relative numbers of CD3+, 

CD3+CD4+, CD3+CD8+ and CD3+CD4+/CD3+CD8+ ratio 
in BAL were noticed between three S groups, S with/
without LS CXR ≤1 and S CXR =2, in comparison to the 
IPF, OIIPs and HP (Figure 1). 

Comparison of sarcoidosis patients with advanced 

Figure 1 Comparison of the BAL lymphocyte immune phenotypes between, sarcoidosis patients with/without Löfgren’s syndrome (CXR 
stage ≤1), sarcoidosis patients with CXR =2, sarcoidosis patients with advanced disease stage (CXR stage ≥3) and other interstitial lung 
diseases. *, Pc<0.05; **, Pc<0.01; ***, Pc<0.001; ****, Pc<0.0001. BAL, bronchoalveolar lavage; S, sarcoidosis; LS, Löfgren’s syndrome; CXR, 
chest X-ray; IPF, idiopathic pulmonary fibrosis; OIIPs, other idiopathic interstitial pneumonias; HP, hypersensitivity pneumonitis.
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sarcoidosis stage, CXR ≥3, to IPF did not show any 
differences in relative numbers of CD3+, CD3+CD4+, 
CD3+CD8+ and CD3+CD4+/CD3+CD8+ ratio in BAL. 
Advanced sarcoidosis showed an increase of CD3+CD4+ 
relative numbers and CD3+CD4+/CD3+CD8+ ratio in 
comparison to OIIPs. Advanced sarcoidosis stages showed 
increased relative numbers of CD3+CD4+, CD3+CD4+/
CD3+CD8+ ratio and significant decrease of relative 
numbers of CD3+CD8+ cells in comparison to patients with 
HP (Figure 1). 

Differential BAL cell counts revealed an increase of 

relative lymphocyte numbers in all four sarcoidosis groups 
in comparison to the IPF. Only two groups of sarcoidosis 
patients, group without LS (CXR ≤1) and CXR stage 2, 
showed significant increase of relative lymphocyte counts in 
comparison to OIIPs. Within non-sarcoidosis ILD groups, 
IPF and OIIPs had lower relative lymphocyte count in 
comparison to the HP (Figure 2A). Lymphocyte absolute 
counts did not shown differences between all seven ILD 
groups (Figure 2B).

Relative numbers of BAL macrophages showed 
significant decrease in HP patients in comparison to the all 

Figure 2 Comparison of the BAL differential cell counts between, sarcoidosis patients with/without Löfgren’s syndrome (CXR stage ≤1), 
sarcoidosis patients with CXR =2, sarcoidosis patients with advanced disease stage (CXR stage ≥3) and other interstitial lung diseases. *, 
Pc<0.05; **, Pc<0.01; ***, Pc<0.001; ****, Pc<0.0001. BAL, bronchoalveolar lavage; S, sarcoidosis; LS, Löfgren’s syndrome; CXR, chest X-ray; 
IPF, idiopathic pulmonary fibrosis; OIIPs, other idiopathic interstitial pneumonias; HP, hypersensitivity pneumonitis.
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four sarcoidosis groups and IPF (Figure 2C).
Only few differences were observed between non-

sarcoidosis ILDs. Differences were noticed between 
IPF group and HP only in the BAL lymphocyte relative 
numbers and in macrophage counts (relative and absolute 
numbers) (Figure 2A,C,D).

After FDR correction, it became apparent that all 
sarcoidosis stages showed decreased neutrophils and 
eosinophils counts in comparison to IPF, OIIPs and HP. 
However, these BAL cell populations did not show any 
difference between IPF, OIIPs and HP (Figure 3).

Our analyses comparing smokers and non-smokers or 

Figure 3 Comparison of the BAL differential cell counts between sarcoidosis patients with/without Löfgren’s syndrome (CXR stage ≤1), 
sarcoidosis patients with CXR =2, sarcoidosis patients with advanced disease stage (CXR stage ≥3) and other interstitial lung diseases. *, 
Pc<0.05; **, Pc<0.01; ***, Pc<0.001; ****, Pc<0.0001. BAL, bronchoalveolar lavage; S, sarcoidosis; LS, Löfgren’s syndrome; CXR, chest X-ray; 
IPF, idiopathic pulmonary fibrosis; OIIPs, other idiopathic interstitial pneumonias; HP, hypersensitivity pneumonitis.
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comparing groups of patients with smoking history (smokers 
plus ex-smokers) and non-smokers were of limited validity 
because of non-equal numbers of subjects in the compared 
groups (Table S1). In addition, after FDR correction most of 
these differences did not attain significance. 

Commenting the data in Table S1, increase of total 
number of BAL cells (×105), relative and absolute numbers 
of macrophages in comparison to non-smokers was 
observed in some ILD groups of smokers. Relative and 
absolute numbers of lymphocytes were decreased in 
smokers compared to non-smokers. The analysis did not 
show differences between smokers and non-smokers in 
CD3+, CD3+CD4+, CD3+CD8+ and CD3+CD4+/CD3+CD8+ 
ratio (Table S1).

Analysis of smokers plus ex-smokers in comparison 
to non-smokers showed fewer differences in differential 
cell count. However, relative numbers of CD3+CD4+ cells 
were decreased in smokers plus ex-smokers group when 
compared to the non-smokers in the group of S without LS 
and OIIPs (Table S2).

Discussion

The most pronounced dif ferences in BAL CD3 +, 
CD3+CD4+, CD3+CD8+ lymphocyte subsets and CD3+CD4/
CD3+CD8+ ratio were observed when comparing three 
non-smoking sarcoidosis groups, with/without LS and CXR 
stage 2, to other ILDs consisting of non-smoking subjects. 
Less marked differences in BAL lymphocyte subsets and 
CD3+CD4+/CD3+CD8+ ratio were found between non-
smoking sarcoidosis group with advanced disease stage 
(CXR ≥3), in comparison to other ILDs, consisting of non-
smoking subjects. 

The increase of CD4+ cells in BAL from sarcoidosis 
patients with LS resulting in the increased BAL CD4/CD8 
ratio is in line with previous findings (3,27,28). Additionally 
as pulmonary sarcoidosis advances from stage 1 to stage 
3 the number of CD4+ cells decreases and the number of 
CD8+ cells is elevated, resulting in the decrease of the BAL 
CD4/CD8 ratio (27).

No differences between advanced sarcoidosis stage and 
IPF group were found in lymphocyte subtypes and this may 
indicate the change of immunological response towards the 
fibrotic process which is one of the IPF manifestations. This 
may show on the similarities between advanced sarcoidosis 
and IPF. Although there is not enough data about 
comparison of BAL CD4+ and CD8+ lymphocyte subsets 
between advanced sarcoidosis and IPF, there are reports that 

describe histological changes towards fibrotisation in end-
stage sarcoidosis. However, exact process of the progression 
of the granulomatous inflammation to the fibrosis in 
sarcoidosis remains unsolved (29). It can be hypothesised 
that there is a shift from pro-inflammatory Th1 to pro-
fibrogenic Th2 immune response, which is accompanied 
by changes of BAL cell subpopulations and inflammatory 
mediators, fibrogenic and angiogenic factors, as it was 
described previously in reports comparing sarcoidosis 
patients in various sarcoidosis stages and IPF (30,31). 
Nevertheless, there has been a lack of knowledge about 
differences of BAL immune cells in advanced sarcoidosis 
and IPF, which could clarify the similarities and differences 
of these diseases. 

We would, therefore, highlight the necessity of the 
research in the field of advanced sarcoidosis. To our 
knowledge, only few reports compared the BAL lymphocyte 
subsets between sarcoidosis and other ILDs. However they 
did not stratify their patients according to a sarcoidosis stage 
(14,15,30,32). In particular, Lee et al. [2015] and Capelozzi 
et al. [2013] found increased relative numbers of CD4+ 
cells and CD4/CD8 ratio, and decreased relative numbers 
of CD8+ cells in sarcoidosis groups, without respect to 
the sarcoidosis stage, in comparison to other ILDs. Their 
results are in line with our observations in sarcoidosis CXR 
stage 1 (both with and without LS) and stage 2. However, 
we did not observe these alterations in advanced sarcoidosis 
compared to other ILD (15,32). Additionally in report 
of Capelozzi et al. [2013] sarcoidosis group consisted of 
only three patients that could be considered as a quite low 
number of cases for statistical analysis (32). Also Vasakova 
et al. [2009] reported significantly increased CD4/CD8 
ratio in sarcoidosis group, without respect to the sarcoidosis 
stage, in comparison to the IPF and HP (30). By contrast 
to the two previously mentioned reports (15,32), Vasakova 
et al. [2009] provided chest radiographic staging of the 
patients with sarcoidosis (30). 

Regarding the BAL CD3+, CD4+, CD8+ lymphocyte 
subsets and CD4/CD8 ratio Jara-Palomares et al. [2009] 
noticed predominantly no differences between sarcoidosis 
group and other studied groups of ILDs, such as IPF and 
HP (14), which is in contrast to our results and findings 
of other authors (15,30,32). Interestingly Jara-Palomares  
et al. [2009] found differences in BAL CD3+, CD4+, CD8+ 
lymphocyte subsets and CD4/CD8 ratio only between 
sarcoidosis group and connective tissue disease (14).

Relative numbers of lymphocytes were increased in 
all four sarcoidosis groups in comparison to IPF. Only 
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sarcoidosis group without LS in CXR stage ≤1 and CXR 
stage 2 showed increase of relative lymphocyte counts in 
comparison to OIIPs. None of these four sarcoidosis stages 
showed difference in comparison to HP group. These 
results indicate on lymphocytic cellular pattern which is 
typical for sarcoidosis and HP (2).

Bronchoalveolar neutrophils and eosinophils represent 
cells that are also important in diagnosis of ILDs. To 
our knowledge there is only one study, which focused on 
comparison of separate sarcoidosis stages to other ILDs (17). 
However they were interested only in neutrophils and not 
in eosinophils (17). With the focus on separate sarcoidosis 
stages the higher proportion of neutrophils in BAL is more 
specific for sarcoidosis patients in advanced stage (CXR ≥3) 
as it was observed earlier (17,33).

The increase of neutrophils and eosinophils indicates 
that these cells could differentiate separate sarcoidosis 
stages from other ILDs, such as IPF, OIIPs and HP (15). 
However, in the study of Lee et al. [2015] the difference in 
neutrophils was found only between sarcoidosis and UIP, 
not in comparison of sarcoidosis to HP (15), which was 
also included in our study. Authors did not mention stage 
of sarcoidosis patients. Previously, eosinophils showed the 
increase only in eosinophilic pneumonia in comparison to 
the sarcoidosis, but eosinophilic pneumonia was not subject 
of our study (15).

Bronchoalveolar macrophages are interesting from the 
view of the smoking related interstitial lung diseases and 
they represent BAL cell population that is increased in 
smokers in comparison to non-smokers (2,22).

The effect of smoking on lymphocyte subsets was 
noticed previously (21), however in our study we did not 
found differences in lymphocyte subsets CD3+, CD3+CD4+, 
CD3+CD8+ and CD3+CD4+/CD3+CD8+ ratio between our 
smokers and non-smokers in each ILD group. Comparisons 
of smokers and non-smokers in some ILD groups display 
increase of total numbers of cells, relative and absolute 
number of macrophages, and decrease of relative and 
absolute numbers of lymphocytes in smokers as it was seen 
previously in sarcoidosis smokers and non-smokers (21).

Smoking group of sarcoidosis patients with CXR stage 2 
after extension by ex-smokers showed the increase of CD3+ 
cells in comparison to the non-smokers. Smokers and ex-
smokers in sarcoidosis group without LS had decreased 
relative numbers of CD3+CD4+ cells in comparison to the 
non-smokers. The limitation of this analysis was a low 
number of smokers in each ILD group. Previous report 
noticed that smoking patients presenting with LS showed 

increase of relative CD3+ lymphocytes relative numbers and 
less increased CD4/CD8 ratio in BAL in comparison to the 
non-smoking patients (21). The increase of CD8+ cells in 
BAL of the smoking sarcoidosis patients compared to the 
non-smoking sarcoidosis patients resulted in the significant 
decrease of CD4/CD8 ratio in smoking sarcoidosis patients 
(20,21). 

Based on our results, BAL cellular components could 
overlap among diseases and their determination may not be 
always useful to differentiate between ILDs. The exception 
is represented by sarcoidosis in early stages, for which 
increased CD3+CD4+/CD3+CD8+ ratio is characteristic. 
Importantly, factors influencing BAL cellular profile 
should be considered, such as smoking or treatment, when 
interpreting BAL data. Corticosteroid treatment can reduce 
lymphocytes and its subsets in BALF and thereby decreases 
the BALF CD4/CD8 ratio (28,34) and should be also 
considered as possible confounding factor. In this context, 
usefulness of BAL cellular profile in differential diagnosis of 
ILDs should be, therefore, carefully reconsidered.

This study has limitations. First, the data used for 
analyses was collected in long time span in years 1995–2013; 
from other point of view, this length is a rare situation and 
may represent an opportunity for long-term follow-up. 
Second, cell markers were measured by two flow cytometry 
machines, however their phenotyping results were 
consistent. Third, only subjects, where data about BAL 
differential counts and immune phenotype was complete, 
were chosen for this report, however this stringent approach 
is methodically correct. Finally, as already mentioned, we 
were not able to compare non-smoking group to smokers, 
because smoking cohort contained low numbers of smoking 
subjects. Despite these limitations, we believe our analyses 
may complement the current view on BAL lymphocyte 
subsets and differential cell counts and further, may provide 
some missing information, especially in non-smoking 
patients particularly in sarcoidosis.

Conclusions 

Our data confirmed the presence of the typical BAL cellular 
profile in non-smoking patients with sarcoidosis. The BAL 
cellular profile was helpful namely for differentiation of less 
advanced sarcoidosis. Its definite diagnostic utility should 
be the subject of further clinical studies with large numbers 
of the well characterized patients taking into consideration 
other clinical factors influencing BAL cellular profile, such 
as smoking or treatment.
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Supplementary

Table S1 Mann-Whitney test comparing smokers and non-smokers in individual ILD groups

ILD
Number of  

smokers vs. 
non-smokers

BAL recovery 
(%)

Total cell num. 
(×105) 

Macrophages 
relative num. 

(%)

Lymphocytes 
relative num. 

(%)

Neutrophils  
relative num. 

(%)

Eosinophils  
relative num. 

(%)

CD3+ relative 
num. (%)

CD4+ relative 
num. (%)

CD8+ relative 
num. (%)

CD19+ relative 
num. (%)

Macrophages 
absolute num. 

(×105) 

Lymphocytes 
absolute num. 

(×105) 

Neutrophils 
absolute num. 

(×105)

Eosinophils 
absolute num. 

(×105)

CD4/CD8 
ratio

S with LS (CXR ≤C) 15/18 0.737 0.178 0.332 0.279 0.940 0.139 0.970 0.941 0.525 0.492 0.157 0.044 0.681 0.133 0.766

S without LS (CXR ≤w) 6/64 0.406 0.000 0.007 0.006 0.741 0.129 0.437 0.257 0.550 0.030 0.000 0.054 0.022 0.047 0.502

S CXR =2 14/113 0.568 0.017 0.047 0.037 0.212 0.443 0.256 0.723 0.476 0.112 0.020 0.652 0.926 0.223 0.755

S CXR 3–4 1/26 0.274 0.898 0.441 0.563 0.847 0.456 0.898 0.653 0.652 0.424 0.898 0.700 0.898 0.459 1.000

IPF 4/22 0.726 0.056 0.252 0.052 0.799 0.947 0.823 0.702 0.849 0.452 0.042 0.161 0.105 1.000 0.611

OIIPs 15/39 0.757 0.072 0.002 0.004 0.134 0.928 0.250 0.122 0.549 0.391 0.021 0.258 0.568 0.492 0.235

HP 3/15 0.097 0.405 0.028 0.018 0.441 0.432 0.477 0.767 0.906 0.106 0.110 0.173 0.553 0.314 0.953

Results are provided as P value. Level of significance is set at P<0.05. P values <0.05 are in italic. ILD, interstitial lung disease; S, sarcoidosis; LS, Löfgren’s syndrome; CXR, Chest X-ray; IPF, idiopathic pulmonary fibrosis; OIIPs, other idiopathic interstitial pneumonias; HP, hypersensitivity pneumonitis.

Table S2 Mann-Whitney test comparing smokers plus ex-smokers and non-smokers in individual ILD groups

ILD
Number of smokers 

+ ex-smokers vs. 
non-smokers

BAL recovery 
(%)

Total cell num. 
(×105) 

Macrophages 
relative num. (%)

Lymphocytes 
relative num. 

(%)

Neutrophils 
relative num. 

(%)

Eosinophils 
relative num. 

(%)

CD3+ relative 
num. (%)

CD4+ relative 
num. (%)

CD8+ relative 
num. (%)

CD19+ relative 
num. (%)

Macrophages 
absolute num. 

(×105) 

Lymphocytes 
absolute num. 

(×105) 

Neutrophils 
absolute num. 

(×105) 

Eosinophils 
absolute num. 

(×105) 

CD4/CD8 
ratio

S with LS (CXR ≤C) 10/18 0.349 0.442 0.212 0.280 0.383 0.087 0.614 0.867 0.580 0.856 0.415 0.114 0.143 0.121 0.666

S without LS (CXR ≤ w) 16/64 0.749 0.248 0.174 0.224 0.971 0.266 0.123 0.029 0.455 0.204 0.243 0.605 0.430 0.216 0.188

S CXR =2 48/113 0.706 0.101 0.147 0.306 0.349 0.263 0.041 0.077 0.769 0.255 0.097 0.965 0.642 0.139 0.365

S CXR 3–4 6/26 0.923 0.961 0.809 0.923 0.716 0.120 0.809 0.681 0.346 0.653 0.961 0.772 0.790 0.066 0.809

IPF 19/22 0.011 0.235 0.604 0.164 0.658 0.550 0.850 0.383 0.791 0.079 0.487 0.168 0.261 0.712 0.397

OIIPs 32/39 0.894 0.063 0.014 0.014 0.114 0.429 0.367 0.034 0.367 0.840 0.024 0.412 0.563 0.173 0.095

HP 14/15 0.275 0.484 0.067 0.036 0.444 0.164 0.445 0.793 0.132 0.414 0.138 0.138 0.777 0.265 0.315

Results are provided as P value. Level of significance is set at P<0.05. P values <0.05 are in italic. ILD, interstitial lung disease; S, sarcoidosis; LS, Löfgren’s syndrome; CXR, Chest X-ray; IPF, idiopathic pulmonary fibrosis; OIIPs, other idiopathic interstitial pneumonias; HP, hypersensitivity 
pneumonitis.


