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LETTER TO THE EDITOR

The cellular composition of the lung 
lining fluid gradually changes from bronchus 
to alveolus
S. D. Pouwels1,2,3* , Janette K. Burgess1,3, Erik Verschuuren2 and Dirk‑Jan Slebos2,3 

Abstract 

Although large advances have recently been made mapping out the cellular composition of lung tissue using single 
cell sequencing, the composition and distribution of the cellular elements within the lining fluid of the lung has not 
been extensively studied. Here, we assessed the cellular composition of the lung lining fluid by performing a differen‑
tial cell analysis on bronchoalveolar lavage fluid (BALF) and epithelial lining fluid (ELF) at four different locations within 
the lung in post‑lung transplantation patients. The percentage of neutrophils and lymphocytes is reduced in more 
distal regions of the lungs, while the percentage of macrophages increases in these more distal regions. These data 
provide valuable information to determine which lung lining fluid sampling technique and location is best to use for 
measuring specific factors and biomarkers, and to increase the understanding of different cell populations in specific 
lung regions.
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To the editor:
With the recent advances in single cell sequencing 

techniques, the overall profile and distribution of cells 
present within the lungs, both in health and disease, 
have been largely mapped out [1]. However, limited data 
is available about the cellular composition of the lining 
fluid throughout the bronchial tree. Already in 2007 a 
series of review articles described the potency of using 
bronchial alveolar lavage fluid (BALF) both as a research 
and a diagnostic tool [2, 3]. Subsequently, it has been rec-
ognized that BALF cell distribution data can be used to 
diagnose various diseases, e.g. lung cancer, pneumonia, 
diffuse lung disease, interstitial lung diseases and acute 
and chronic allograft rejection post lung transplanta-
tion [4–7]. It is well-described that in healthy individuals 

more than 80% of the cells found in BALF are alveolar 
macrophages, around 5–15% are lymphocytes and a few 
percent of the cells are neutrophils, eosinophils or mast 
cells, and that the amount of neutrophils or eosinophils 
can rapidly increase in patients with airway inflamma-
tion, e.g. COPD or asthma patients [2, 8]. Besides col-
lecting lung lining fluid using a bronchoscopic washing, 
where a large volume of saline (25–300  mL) is flushed 
and collected from a specific lung segment, epithelial lin-
ing fluid (ELF) can also be collected using bronchoscopic 
microsampling probes (BMS). BMS are absorbent probes 
that can collect ELF at a specific site with minimal dilu-
tion of the sample, a major difference from BALF collec-
tion. It is, however, not possible to collect ELF using BMS 
at the lower airways because these are bronchoscopically 
inaccessible. The concentration of soluble factors, e.g. 
cytokines, measured in ELF collected using BMS, from 
now on called ELF, are in general higher compared to the 
concentrations of these factors measured in BALF [9]. 
Although some studies compare the concentrations of 
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soluble factors in ELF collected at the central and periph-
eral airways [9, 10], no studies have been performed 
assessing the cellular composition in BALF or ELF at dif-
ferent locations within the lungs.

Here, we assessed the relative amount of neutrophils, 
macrophages and lymphocytes in lung lining fluid at four 
different locations of the lungs, ranging from the main 
bronchus to the alveolar compartment. To this end, we 
bronchoscopically collected BALF and ELF from seven 
lung transplant recipients. Samples were collected dur-
ing a routine surveillance bronchoscopy on average 
19  months (range 4–25  months) after transplantation. 
None of the patients had chronic lung allograft dysfunc-
tion or used azithromycin. Patient details are summa-
rized in Table 1. The study was approved by the medical 
ethics committee of the University Medical Center Gron-
ingen, The Netherlands (METc: 2003017), and all subjects 
provided written informed consent. ELF was collected 
using microsampling probes (BC-401C; Olympus, Tokyo, 
Japan) at two distinct locations, the central airways (after 
the 1st generation at the main bronchus level) and more 
peripherally at the 3rd generation at the segmental bron-
chi. BALF was also collected at two distinct locations, a 
mini-BALF of 40  mL was performed at the small intra-
segmental bronchi (4–15th generation) and a regular 
BALF of 150  mL was performed reaching the bronchi-
oles and the alveolar compartment (see Fig. 1A). All ELF 
and BALF samples were centrifuged (5 min, 1000g) and 
differential cell counts were performed by cytospin cell-
differentiation. Cytospins were prepared using a cyto-
centrifuge (Shandon Life Science, Cheshire, UK), and 
subsequently fixed and stained with Diff-Quick (Dade A. 
G., Dudingen, Switzerland). Per cytospin 300 cells were 
identified and differentiated into macrophages, neutro-
phils, and lymphocytes by standard morphology and 
staining characteristics.

Here, we showed that the percentage of neutrophils 
is significantly lower in ELF samples collected at the 
peripheral airways compared to ELF collected at the 
central airways (Fig.  1B). Furthermore, BALF samples 

contain a lower percentage of neutrophils compared 
to ELF samples and in general a trend is visible that 
the percentage of neutrophils decreases when going 
deeper into the airways (Fig.  1B). When analyzing the 
percentages of macrophages, the opposite pattern was 
observed, with significantly higher percentages of mac-
rophages in the peripheral airways compared to the 
central airways and significantly higher percentages 
of macrophages in BALF compared to ELF samples 
(Fig.  1C). The percentage of lymphocytes was signifi-
cantly lower in BALF samples compared to ELF sam-
ples (Fig. 1D). In general, a gradual trend was observed 
with lower percentages of neutrophils and lymphocytes 
and a higher percentage of macrophages in the lower 
airways.

Our study indicates that when using lung lining fluid 
samples either for diagnostic biomarker purposes or as 
research tool, the location of sample collection is very 
important. Therefore the sampling site for the collection 
of lining fluid should be standardized between all sub-
jects. Furthermore, when measuring biomarkers mainly 
released by neutrophils or lymphocytes it is advised to 
use central airway ELF samples collected using a bron-
choscopic microsampling probe, while for studying fac-
tors released by macrophages a BALF sample from the 
lower regions of the lungs would be advised.

The samples collected in our study were collected using 
either a microsampling probe or a washing. To date, no 
data is available comparing the efficiency of these tech-
niques to collect specific cell-types. It is therefore pos-
sible that the used technique affects the percentage of 
specific cell-types. Furthermore, a potential limitation 
of this study is the low number of subjects (n = 7) and 
the large disease heterogeneity of our subjects (Table 1). 
A larger study is needed to fully investigate the cellular 
sub-types which can be found at the different locations, 
potentially using novel techniques such as single cell 
sequencing.

In conclusion, our study shows that the cellular com-
position of the lung lining fluid alters when moving more 
distal in the airways. Deep into the lungs higher percent-
ages of macrophages can be found, while the fluid lining 
the larger airways mainly contains neutrophils and lym-
phocytes. These data should be taken into account when 
deciding which lung lining fluid sampling technique and 
location should be used to measure specific factors and 
biomarkers.
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Table 1 Patient characteristics

Age and timing after transplantation shown as median with range, all other data 
shown as n

M male, F female, tx lung transplantation, PAH pulmonary arterial hypertension, 
A1AD Alpha-1 antitrypsin deficiency, UIP usual interstitial pneumonia, CF cystic 
fibrosis

Age 56 (24–62)

Sex (M/F) 5/2

Smoking status (non‑smoker/ex‑smoker) 5/2

Reason for tx (PAH/A1AD/UIP/CF) 2/2/2/1

Timing bronchoscopy after tx (months) 19 (4–25)
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Fig. 1 The cellular composition of the lung lining fluid gradually changes depending on the location of sampling. A Schematic overview of sample 
collection sites. Epithelial lining fluid (ELF) samples were bronchoscopically collected using bronchoscopic microsampling (BMS) probes at two 
different locations, (1) at the main stem bronchus (1–2st generation) and (2) at the large intrasegmental bronchi (3–4th generation). (3) A small 
bronchial washing (40 mL of saline) is bronchoscopically applied and collected at the small intrasegmental bronchi (4–15th generation) and a (4) 
broncho‑alveolar lavage (150 mL of saline) is bronchoscopically applied and collected at the bronchioles and alveolar compartment. A differential 
cell count is performed on the collected lung lining fluids and the percentage of B neutrophils, C macrophages and D lymphocytes of the total cell 
number shown. Data was collected from seven patients, but due to technical issues one central probe sample and two bronchial wash samples 
were missing. Data is shown as individual data points and mean ± SEM. Statistical significance was tested between samples using a Wilcoxon 
Signed Rank test, *p < 0.05



Page 4 of 4Pouwels et al. Respir Res          (2021) 22:285 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the medical ethic committee of the University 
Medical Center Groningen (UMCG), Groningen, The Netherlands (Number: 
METc: 2003017) and all subjects provided written informed consent. Further‑
more, all clinical procedures were performed according to the standards set 
by the latest Declaration of Helsinki.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Department of Pathology and Medical Biology, University Medical Center 
Groningen, University of Groningen, Hanzeplein 1, 9713 GZ Groningen, The 
Netherlands. 2 Department of Pulmonary Diseases, University Medical Center 
Groningen, University of Groningen, Groningen, The Netherlands. 3 Groningen 
Research Institute for Asthma and COPD, University Medical Center Gronin‑
gen, Groningen, The Netherlands. 

Received: 14 July 2021   Accepted: 28 October 2021

References
 1. Schiller HB, Montoro DT, Simon LM, Rawlins EL, Meyer KB, Strunz M, et al. 

The human lung cell atlas: a high‑resolution reference map of the human 
lung in health and disease. Am J Respir Cell Mol Biol. 2019;61:31–41.

 2. Rose AS, Knox KS. Bronchoalveolar lavage as a research tool. Semin Respir 
Crit Care Med. 2007;28:561–73.

 3. Meyer KC. Bronchoalveolar lavage as a diagnostic tool. Semin Respir Crit 
Care Med. 2007;28:546–60.

 4. Hogea S‑P, Tudorache E, Pescaru C, Marc M, Oancea C. Bronchoalveolar 
lavage: role in the evaluation of pulmonary interstitial disease. Expert Rev 
Respir Med. 2020;14:1117–30.

 5. Domagala‑Kulawik J. The relevance of bronchoalveolar lavage fluid analy‑
sis for lung cancer patients. Expert Rev Respir Med. 2020;14:329–37.

 6. Slebos D‑J, Postma DS, Koëter GH, Van Der Bij W, Boezen M, Kauffman HF. 
Bronchoalveolar lavage fluid characteristics in acute and chronic lung 
transplant rejection. J Heart Lung Transplant. 2004;23:532–40.

 7. Slebos D‑J, Scholma J, Boezen HM, Koëter GH, van der Bij W, Postma DS, 
et al. Longitudinal profile of bronchoalveolar lavage cell characteristics in 
patients with a good outcome after lung transplantation. Am J Respir Crit 
Care Med. 2002;165:501–7.

 8. Heron M, Grutters JC, ten Dam‑Molenkamp KM, Hijdra D, van Heugten‑
Roeling A, Claessen AME, et al. Bronchoalveolar lavage cell pattern from 
healthy human lung. Clin Exp Immunol. 2012;167:523–31.

 9. Singh S, Grover V, Christie L, Charles P, Kelleher P, Shah PL. A compara‑
tive study of bronchoscopic microsample probe versus bronchoalveolar 
lavage in patients with burns‑related inhalational injury, acute lung injury 
and chronic stable lung disease. Respiration. 2015;89:19–26.

 10. Kanazawa H, Tochino Y, Asai K, Ichimaru Y, Watanabe T, Hirata K. Validity of 
HMGB1 measurement in epithelial lining fluid in patients with COPD. Eur 
J Clin Invest. 2012;42:419–26.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.


	The cellular composition of the lung lining fluid gradually changes from bronchus to alveolus
	Abstract 
	Acknowledgements and funding
	References


