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Abstract
Purpose Bronchoalveolar lavage is commonly used in clinical practice for unresolved pneumonia. However, bronchoalveo-
lar lavage is not suitable for all patients as it is an invasive procedure and can worsen oxygenation. The diagnostic value of 
bronchial wash and sputum has been debated extensively over the years. In this study, we aim to compare the diagnostic value 
in several pathogens of bronchoalveolar lavage and bronchial wash, and secondarily bronchoalveolar lavage and sputum.
Methods We retrospectively included all adult patients in our hospital who underwent bronchoalveolar lavage, bronchial 
wash, and where sputum sampling was done between January 1st of 2018 and December 31st of 2021. The intraclass cor-
relation coefficient was computed for the three tests.
Results In total, 308 patients were included. We found a level of correlation of 0.819 and 0.865, respectively, between 
bronchoalveolar lavage and bronchial wash for two pathogens: Staphylococcus aureus and Pseudomonas aeruginosa. For 
Stenotrophomonas maltophilia and Aspergillus fumigatus, we found an intraclass correlation coefficient of 0.568 and 0.624, 
respectively. Between bronchoalveolar lavage and sputum, we found varying levels of agreement.
Conclusion Our study shows reasonably well agreement levels between bronchoalveolar lavage and bronchial wash, sug-
gesting that bronchial wash could potentially be an alternative to bronchoalveolar lavage.
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Introduction

Pneumonia is a leading cause of morbidity and mortality in 
all age groups [1]. It remains a clinical diagnosis primarily, 
based on clinical signs and symptoms, laboratory investiga-
tion, and imaging. The gold standard to detect acute infec-
tions of the pulmonary parenchyma would still be a lung 
biopsy or autopsy, both of which are not wishful procedures 
in clinical practice.

Identifying the microbial etiology in pneumonia remains 
a challenge, as it is often difficult to collect a good quality 
specimen from the lower respiratory tract and blood cultures 
tend to remain negative [2]. Although, over the years, several 
methods to obtain specimens from the respiratory system 
have been designed, the causative pathogen is only defined 
in ~ 60–70% of etiological studies of pneumonia cases, 
whereas the yield in clinical practice is much lower (~ 30%) 
[2, 3]. Establishing the causative pathogen early in pneumo-
nia is cardinal for reducing diagnostic delay and ensuring the 
administration of effective antibiotics, especially in an era of 
growing antibiotic resistance and rising health care costs [4].

Since the early 1900s culture of sputum is used to identify 
the pathogen in pneumonia [2].

Although it is the first step in in-hospital analysis, its 
sensitivity, reliability and impact on treatment decisions 
within various pathogens have been debated [4–6]. In 
addition to being difficult to obtain in subsets of patients 
and time consuming, sputum specimens are frequently 
contaminated with upper respiratory tract micro-organ-
isms, leading to inconclusive results [7, 8]. Furthermore, 
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empirical antibiotic use can often lead to false-negative 
culture results [9].

The increase of pneumonia in immunocompromised 
patients following the rise of AIDS diagnoses and organ 
transplantations in the 1970s asked for a distal diagnostic 
sampling approach, as most of the opportunistic infections 
were not primarily located in the proximal bronchi [10]. 
Fiber-optic bronchoscopy and in particular bronchoal-
veolar lavage (BAL), in which a bronchoscope is used 
to instill saline in the bronchioles and alveoli to obtain 
a more distal specimen, became an option in diagnosing 
pathogens that do not normally colonize the upper respira-
tory tract [2, 10, 11].

Nowadays, BAL still plays an important role in the diag-
nosis of pneumonia in immunocompromised patients and 
in patients in which the probability of changing the initially 
empiric antibiotic regime is high [9, 12]. Although BAL is 
presented as a safe procedure with no absolute contraindi-
cations, its invasive nature and variable diagnostic values 
makes it not routinely performed on patients [13]. Neverthe-
less, the latest clinical practice guidelines of the Infectious 
Disease Society of America (IDSA) recommends lower res-
piratory tract specimens for community acquired pneumonia 
(CAP) patients who are immunocompromised or in which 
treatment fails and for all patients with a suspicion of hos-
pital acquired- or ventilator-associated pneumonia (HAP/
VAP) [4, 13].

Bronchial wash (BW), where in contrast to in BAL, the 
bronchoscope does not isolate the bronchiole of the rest of 
the airways, is a method used solely for specimens of the 
major airways not representing the bronchioles and alveoli. 
Contamination by the upper airways is inevitable. Therefore, 
this method has been regarded as useless in the diagnosis of 
not strictly pathogenic microbes and results on associated 
risks and contraindications compared to BAL have not been 
documented [10].

In 2020, the International Society for Heart and Lung 
Transplantation (ISHLT) conducted a survey on BAL and 
BW definition and performance with 114 lung transplant 
centers across the world. This survey showed a consider-
able diversity in BAL and BW performance and techniques 
worldwide. Although guidelines on performance of BAL 
have been published in the past years, guidance on the BW 
technique was not provided [14]. This implies a less clear cut 
distinction between the two procedures in clinical practice, 
which challenges the frequent use of BAL.

The lack of clarity around the diagnostic value of BW 
leads to the frequent use of BAL despite the disadvantages 
for certain patient groups. This study aims to compare the 
diagnostic agreement between culture and PCR results of 
BAL, BW and sputum of the most common pathogens caus-
ing pneumonia, in order to explore the value of less invasive 
alternative diagnostic methods for pneumonia.

Methods

Setting

This retrospective study was conducted at the University 
Medical Center of Groningen (UMCG) in the Netherlands. 
All patients who underwent BAL as well as BW during 
admission or an outpatient department visit between Janu-
ary 1st, 2018 and December 31st, 2021 were included. An 
extra cohort was defined by patients who additionally to 
BAL and BW specimens had a sputum specimen taken dur-
ing the evaluation.

Study design

Retrospectively, we included adults (≥ 18 years old) who 
underwent BAL as well as BW as those were considered 
clinically indicated by the individual physician. Patients 
of whom in addition sputum specimens were taken during 
evaluation, were additionally added to a subset.

The first BAL and BW results of an evaluation of a patient 
were included. In patients of whom multiple evaluations 
were done during the 3 years, only the first analysis was 
included. Sputum results were included within a period of 
3 days before and 3 days after BAL and BW performance. 
BAL and BW specimens were always taken on the same day.

Microbiological results of the specimens were obtained 
from the database of the department of microbiology of the 
hospital.

Analyses were selectively performed on predetermined 
micro-organisms, specifically selected for their clinical rel-
evance (Table 1).

Review of clinical records

Patient demographics (gender, age, smoking status) and clin-
ical characteristics (white blood cell count, CRP, comorbidi-
ties, immunosuppressive status, radiological signs, pre-exist-
ing medication use, department of evaluation) were obtained 
from the electronic medical record system. Additionally, we 

Table 1  Analyzed micro-
organisms Fungal micro-organisms

 Aspergillus fumigatus
 Pneumocystis jirovecii

Bacterial micro-organisms
 Staphylococcus aureus
 Pseudomonas aeruginosa
 Stenotrophomonas maltophilia
 Mycobacterium tuberculosis
 Non-tuberculous mycobacte-

rium (not specified)
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collected details about pre-existent use of antibiotics and 
antimycotics.

The CRP and white blood cell count closest to the execu-
tion of the BAL and BW were obtained from the medical 
records with a maximum of 3 days before or after the proce-
dure. The radiologic imaginary closest in time to the BAL 
were extracted from the files with a maximum of 5 days 
before or after the procedure.

Sampling techniques

For BAL, 150–200 ml isotonic saline was instilled in the 
periphery of the airways and the lung parenchyma of the 
affected area, while positioning the bronchoscope in wedge 
position. The BAL was performed as appropriate where 
the radiologic abnormality was localized. In patients with 
diffuse radiologic infiltrates the BAL was performed in the 
middle lobe or lingula of the affected lung. In BW, a bron-
choscope was used to instil 20–40 ml isotonic saline into a 
lobar or segmental airway after which it was aspirated. In 
this study, BW was principally performed before BAL in 
the same bronchoscopic procedure to prevent contamina-
tion, however, this was documented systematically in medi-
cal records, nor was a protected catheter employed. Sputum 
specimens were spontaneously expectorated into sterile con-
tainers by the patients [15, 16].

Microbiology

Aliquots of fluid specimens obtained from BAL or BW were 
plated on media to culture aerobic bacteria, anaerobic bacte-
ria, fungi and mycobacteria by standard protocols in routine 
diagnostics. Sputum specimens were plated on blood agar, 
chocolate agar and Mackonckey. For Aspergillus species, an 
aspergillus DNA PCR was performed per in-house protocol. 
A Giemsa stain is used for Pneumocystis jirovecii detec-
tion in combination with a PCR test. Tuberculous as well 
as non-tuberculous mycobacteria were detected using an 
auramine staining, additionally an in-house PCR was done 
on mycobacterium species and Mycobacterium tuberculosis. 
Bacterial culture was considered positive when there was an 
excess of or a pure culture of one specific species or when 
leukocytes as well as respiratory pathogens were found in 
the preparation.

Definitions

Pneumonia

Pneumonia was defined by clinical findings consisting of 
a fever, new onset of cough (or deterioration of existing 
cough) or dyspnea, next to a new consolidation on radio-
logical findings (by chest X-ray or chest CT).

Pneumonias are categorized in community acquired 
pneumonia (CAP), hospital acquired pneumonia (HAP), 
and ventilator associated pneumonia (VAP), depending on 
the site of acquisition.

Immunocompromised state

Immunosuppression is defined as the use of high dose ster-
oids (use of prednisone 40 mg per day or its equivalent, for 
more than 2 weeks), the use of chemotherapy, diagnosis of 
leukemia, lymphoma or HIV with a CD4 count < 400, his-
tory of organ or stem cell transplantation with the admin-
istration of immunosuppressants, neutropenic patients 
(absolute neutrophil count < 500/mm3) or a history of sple-
nectomy [17].

Statistical analysis

BAL was considered the golden standard for comparison. 
For numeric values, medians and interquartile ranges are 
reported. Categorical values are reported as absolute num-
bers and percentages (n, %). All statistical analyses were per-
formed using SPSS version 28 (IBM, SPSS, Chicago, IL).

The intra-class correlation coefficient (ICC) was used 
to quantify the degree of agreement between the different 
methods. An ICC of 0 indicating no agreement, 0–0.20 as 
poor agreement, 0.20–0.41 as fair agreement, 0.41–0.61 as 
moderate agreement, 0.61–0.81 as substantial agreement, 
0.81–0.99 as near perfect agreement and 1 as perfect agree-
ment. A statistical difference was considered insignificant 
if p < 0.05.

Results

A total of 1707 patients underwent BAL sampling in our 
centre. Only 309 patients underwent BAL and BW sampling 
on the same day. Subsequently, we excluded one patient 
because of a registration for objection against research par-
ticipation. The remaining 308 patients were included and 
analysed. Additionally, in 109 of these patients, a sputum 
specimen was taken before or after BAL (Fig. 1).

The median age was 63 years (interquartile range [IQR] 
55–69). 59 patients (19.2%) were evaluated on an outpatient 
basis and 70 patients (22.7%) were admitted to the intensive 
care unit. 131 patients (42.5%) were being treated for ongo-
ing haematological malignancies. A further 218 of patients 
were immunocompromised during evaluation. Pulmonary 
comorbidities were present in 64 patients (20.7%): 30 (9.7%) 
with COPD, and 15 + 6 + 7 + 6 = 34 (11%) with other chronic 
respiratory diseases (Table 2).
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Microbiological results

The main results of identified pathogens in the BAL fluid 
(BALF) are highlighted here. A more detailed portrayal of 
findings is given in Table 3.

BAL findings

In the standard bacterial culture performed on 307 BALF, 
Staphylococcus aureus was found most frequently (n = 14, 
4.6%), followed by Pseudomonas aeruginosa (n = 11, 3.6%). 
Stenotrophomonas maltophilia was only found twice in the 
BALF analyzed (0.7%).

Aspergillus PCR testing was performed on 306 of those 
specimens, in which Aspergillus Fumigatus was found 
22 times (7.2%). Another fungal pathogen, Pneumocystic 
jirovecii was found 37 times in the 188 specimens analyzed 
(19.7%).

Both Mycobacterium tuberculosis (MTB) and non-tuber-
culous mycobacteria (NTM) were found only once in the 
BALF analyzed.

BW findings

In BW, a general culture and Aspergillus DNA PCR were 
performed on 304 BW. Staphylococcus aureus was found in 
15 specimens followed by Pseudomonas aeruginosa in 12 
specimens (4.9%; 3.9%). Stenotrophomonas maltophilia was 
seen 5 times in the BW (1.6%). Aspergillus Fumigatus was 
found in 24 of the 304 specimens (7.9%).

Pneumocystic jirovecii analysis was only performed on 
two BW specimens, no positive Pneumocystic jirovecii 
results were found in these specimens (0.0%). Analyses for 
MTB and NTM were also performed on less BW specimens, 
115 and 100 times, respectively.

Sputum findings

In general, sputum cultures performed on 109 sputum speci-
mens, Staphylococcus aureus was found in 12 specimens, 
Pseudomonas aeruginosa in six specimens and Stenotropho-
monas maltophilia in two specimens (11.0%; 5.5%; 1.8%). 
Aspergillus fumigatus was found in three sputum specimens, 

Fig. 1  Flowchart of patient 
selection in the present study
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Pneumocystic jirovecii testing was only performed once and 
resulted in a negative test (4.4%; 0.0%). MTB and NTM was 
only tested for among a few of sputum specimens, this led to 
negative results in all those specimens.

Comparing diagnostic efficacy

BALF versus BW

We found 304 matched pairs of BALF and BW specimens 
in our study group. For four micro-organisms, the ICC was 
calculated.

For Staphylococcus aureus, the ICC value between BALF 
and BW was 0.819. That portrays a near perfect agreement 
between the two tests in detecting Staphylococcus aureus. 
Additionally, a near perfect agreement was also found in 
the ICC value for Pseudomonas aeruginosa, that showed 
an ICC of 0.865.

A moderate agreement between the two tests was found 
for Stenotrophomonas maltophilia, showing a slightly lower 
ICC value of 0.568.

For Aspergillus fumigatus, the consistency between the 
two tests was substantial (ICC = 0.624).

BALF vs. Sputum

108 pairs of BALF and sputum specimens were collected. 
The measure of agreement between the two diagnostic meth-
ods obtained for Staphylococcus aureus was fairly good 
(ICC = 0.402). For Pseudomonas aeruginosa, a substantial 
agreement was found (ICC = 0.792). A perfect agreement 
was found in our study group for Stenotrophomonas malt-
ophilia (ICC = 1.000). For Aspergillus fumigatus, the ICC 
value was 0.413, showing a fair agreement between the two 
tests.

Discussion

This study aimed to compare the diagnostic value of BAL 
and BW and secondarily, BAL and sputum specimens in: 
Staphylococcus aureus, Pseudomonas aeruginosa, Steno-
trophomonas maltophilia and Aspergillus fumigatus. A near 
perfect agreement level between BAL and BW for Staphy-
lococcus aureus and Pseudomonas aeruginosa was found. 
Secondarily, comparing BAL and sputum specimens varying 
levels of agreement between the two methods were found for 
the four microorganisms.

Firstly, our results suggest that BAL and BW have a 
strong agreement in identifying the presence or absence 
of Staphylococcus aureus and Pseudomonas aeruginosa. 
Although BAL is the leading gold standard in unresolved, 
high-risk CAP and all HAP/VAP patients, there have been 
questions about its sensitivity and specificity as well as suit-
ability in all patients over the past 30 years [4, 13]. Limited 
information on the subject is available, since many studies 
did not analyze BAL and BW separately [18].

In 2002, Pinckard et al. analyzed the additional diagnostic 
value of BW next to BAL. They recommended active ques-
tioning of the need for BW, because of its often ambiguous 
results without clinical consequences [19]. After this study, 
the diagnostic value of BW has only been studied a couple 
of times in different clinical situations. Kim et al. studied 
the value of BW in sputum scarce or smear negative with 
suspected MTB infection. BAL showed higher diagnostic 
value in this group [20].

A small study in 32 immunocompromised patients on 
mechanical ventilation in an ICU showed comparable corre-
lations as our study between mini-BAL and BAL. Although 
their mini-BAL procedure was comparable in terms of 
volume and sampling technique as our BW, it was more 

Table 2  Baseline characteristics

Values are presented as N (%) or median (25th–75th percentile), 
COPD chronic obstructive pulmonary disease
a C-reactive protein
b Bronchoalveolar lavage
c Chronic obstructive pulmonary disease
d Human papilloma virus/Acquired immunodeficiency syndrome

Characteristics Patients N = 308

Age, years 63 (55–69)
Female/male 102 (33.1)/206(66.9)
History of smoking
 Smoker 23 (7.5)
 Never smoker 143 (46.4)

Former smoker 120 (39.0)
 Unknown 22 (7.1)
  CRPa 111 (54–200.5)
 Leukocyte count 7.1 (2.2–11.5)

Outpatient/inpatient evaluations 59 (19.2)/ 249 (80.8)
Intensive care admission 70 (22.7)
 Antibiotic administration prior to  BALb 207 (67.2)
 Antimycotic administration prior to BAL 80 (26.0)

Comorbidities at time of sampling 300 (97.4)
Hematological malignancies 131 (42.5)
Post-transplantation 59 (19.2)
COPDc 30 (9.7)
Astma 15 (4.9)
Cystic fibrosis 6 (1.9)
Interstitial pulmonary disorders 7 (2.3)
Bronciectasis 6 (1.9)
HIV/AIDSd 3 (1.0)
COVID-19 25 (8.1)
Immunocompromised state 218 (70.8)
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controlled to prevent contamination. They used a separate 
protected catheter for their mini-BAL to obtain a volume 
of 20 ml saline solution instilled into the airways, and per-
formed a normal lavage with a full flexible bronchoscope 
after. [21]

Sputum specimens to identify the cause of pneumonia 
are nowadays only indicated for CAP in which the chances 
of changing antibiotic management is substantial and in 
patients who are at high risk for clinical deterioration [4].

In 2002, Ewig et al. found that there was no contribu-
tion of sputum cultures to in-hospital pneumonia manage-
ment since its limited diagnostic efficacy [5]. Since then 
various studies are done in various settings not reaching a 
consensus about the diagnostic efficacy of sputum specimens 
[4]. Zhang et al. is one of the first studies comparing the 
agreement between BAL and sputum culture. They found a 
moderate agreement between sputum culture and BAL cul-
ture in their cohort of children admitted to the hospital with 
suspected CAP. In previous other studies, the comparison 
between BAL and sputum culture was made but their agree-
ment was not analyzed [6].

In HAP, the comparison between BAL and sputum cul-
ture has scarcely been studied. A lot of the knowledge about 

sputum culture in HAP is extrapolated from studies about 
VAP or CAP. The recent IDSA guidelines reviewed three 
studies showing comparable diagnostic yields in VAP for 
non-invasive and invasive techniques, although these had 
their methodological limitations. Evidence for comparable 
diagnostic yields in HAP is not presented. Nevertheless, the 
guideline suggests non-invasive sampling in HAP patients, 
invasive sampling is recommended when the individual cli-
nician sees it fitting [13].

Our results showing varying agreement between sputum 
and BAL among the four micro-organisms seems to be in 
line with previous knowledge. Especially, when noting the 
fact that in our study group, the division between CAP, HAP 
and VAP patients was not made.

This study has certain limitations. A first limitation of our 
study is the single-centered nature, which restricts the gen-
eralizability of the results to different health care settings. 
Additionally, retrospective inclusion made it unfeasible to 
ascertain the precise methodologies employed during the 
BAL and BW procedures, which may have resulted in dimin-
ished accuracy of the study outcomes. Moreover, during the 
execution of the procedures, BW was often performed in 
the same bronchoscopic procedure as BAL. During these 

Table 3  Microbiological findings and contributions of different methods to diagnostic yield

a Total number of specimens plated for specific micro-organism
b Total number of positive findings in specific diagnostic specimen for micro-organism

Micro-organism Total No 
BAL
Resultsa

Positive findings 
in  BALb

Total No. BW
Results

Positive findings 
in BW

Total No. 
Sputum
Results

Positive 
findings
In spu-
tum

Staphylococcus aureus 307 14 304 15 109 12
 Immunocompromised 218 6 216 6 72 5
 Immunocompetent 89 8 88 9 37 7

Pseudomonas aeruginosa 307 11 304 12 109 6
 Immunocompromised 218 9 216 10 72 4
 Immunocompetent 89 2 88 2 37 2

Stenotrophomonas maltophilia 307 2 304 5 109 2
 Immunocompromised 218 1 216 2 72 1
 Immunocompetent 89 1 88 3 37 1

Aspergillus fumigatus 306 22 304 24 68 3
 Immunocompromised 217 10 215 15 49 0
 Immunocompetent 89 12 89 9 19 3

Mycobacterium tuberculosis 216 1 115 1 6 0
 Immunocompromised 164 0 79 0 4 0
 Immunocompetent 52 1 36 1 2 0

Pneumocystis jirovecii 188 37 2 0 1 0
 Immunocompromised 158 34 2 0 1 0
 Immunocompetent 30 3 0 0 0 0

Non-tuberculous mycobacteria 220 1 100 2 8 0
 Immunocompromised 164 1 69 1 4 0
 Immunocompetent 56 0 31 1 4 0
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procedures, methods to prevent contamination of the 
instilled saline were not employed. This may have influenced 
the results of this study. Furthermore, it was impossible to 
completely avoid selection bias as the decision to perform 
BAL and BW, and the microbiological determinations were 
made by the individual clinician. Besides, although used in 
many studies on the subject, BAL is not a perfect golden 
standard, limiting this study on providing results on diagnos-
tic yield and specific diagnostic values. However, we believe 
an imperfect golden standard is still useful for comparison in 
diagnostic value in the same groups of patients.

Another finding limiting our study is the relatively small 
sample size for the specific pathogens. Although the scarcity 
of Enterobacteriaceae found in HAP/VAP patients in the 
ICU in this study can likely be attributed to the administra-
tion of selective digestive decontamination. Nevertheless, 
to the best of our knowledge, this is one of the studies with 
the largest sample size on the subject in the last 10 years 
and the first differentiating between diagnostic values for 
specific pathogens.

Another strength of this study is that we performed an 
individual chart review for every patient yielding us a lot of 
additional information about the patients included. Besides, 
the interval between cultures is considered in this study, 
which has been overlooked in other studies. In this study, 
bronchoscopic specimens were collected on the same day 
and sputum specimens were collected within a 3-day period 
around the day of BAL, this way avoiding a great amount of 
long interval bias.

Additionally, this study contributes to a need highlighted 
by the Infectious Disease Society of America for knowledge 
about the diagnostic methods and tools for identifying HAP/
VAP in 2017 [13].

The results of this study suggest a comparable diagnostic 
value between BAL and BW in clinically relevant bacte-
rial pathogens. However, we assume that this can be partly 
attributed to the fact that execution of BAL and BW is vari-
able between physicians and that these procedures are, sub-
sequently, not as distinctive as defined. Additionally, con-
tamination between BAL and BW may have influenced the 
results. Future studies should portray results on cohorts in 
which these procedures have been executed strictly accord-
ing to protocol. Likewise, new studies should focus on spe-
cific subgroups and portray a broader description of the 
spectrum of pathogens. The agreement between sputum 
and BAL is variable, depending on the specific pathogen in 
our patient group, as it is described in previous studies on 
the subject. Additional studies should determine if sputum 
specimens can have a possible role in diagnosing infectious 
pneumonia in some pathogens.

Author contributions AE Post: study design, data collection, data 
analysis, writing the manuscript. E Bathoorn: study design, review the 

manuscript. DF Postma: study design, data analysis, review manuscript. 
DJ Slebos. OW Akkerman: study design, study analysis, writing and 
reviewing the manuscript.

Funding The authors declare that there was no external funding for 
this study. The research was conducted without financial support from 
any funding agency or organization.

Data availability The data that support the findings of this study are 
available from the corresponding author, OWA, upon reasonable 
request.

Declarations: 

Competing interests The authors declare no competing interests.

Conflict of interest AEP: No conflicts of interest. EB: No conflicts of 
interest. DFP: No conflicts of interest. DJS: No conflicts of interest. 
OWA: No conflicts of interest.

Ethical approval statement The study was approved by the Medical 
Ethical Committee of the UMCG which concluded it as not applicable 
to the Medical Research Involving Human Subjects Act. Due to the 
retrospective nature of this study, the need for informed consent was 
waived (METc 2022.604).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

 1. World Health Organization. Fact sheet: Top 10 causes of death. 
WHO. 2020. Available from: https:// www. who. int/ news- room/ 
fact- sheets/ detail/ the- top- 10- causes- of- death. Cited 2023 Janu-
ary 14. Accessed 15 Jan 2024

 2. Murdoch DR, O’Brien KL, Scott JAG, Karron RA, Bhat N, 
Driscoll AJ, et al. Breathing new life into pneumonia diagnostics. 
J Clin Microbiol. 2009;47:3405–8.

 3. Holter JC, Müller F, Bjørang O, Samdal HH, Marthinsen JB, 
Jenum PA, et al. Etiology of community-acquired pneumonia and 
diagnostic yields of microbiological methods: a 3-year prospective 
study in Norway. BMC Infect Dis. 2015;15:64–75.

 4. Mandell LA, Wunderink RG, Anzueto A, Bartlett JG, Campbell 
GD, Dean NC, et al. Infectious Diseases Society of America/
American Thoracic Society Consensus Guidelines on the man-
agement of community-acquired pneumonia in adults. Clin Infect 
Dis. 2007;44:S27–72.

 5. Ewig S, Schlochtermeier M, Goöke N, Niederman MS. Applying 
sputum as a diagnostic tool in pneumonia: Limited yield, minimal 
impact on treatment decisions. Chest. 2002;121:1486–92.

http://creativecommons.org/licenses/by/4.0/
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death
https://www.who.int/news-room/fact-sheets/detail/the-top-10-causes-of-death


 A.-E. Post et al.

 6. Zhang R, Wu Y, Deng G, Deng J. Value of sputum Gram stain, 
sputum culture, and bronchoalveolar lavage fluid Gram stain in 
predicting single bacterial pathogen among children with commu-
nity-acquired pneumonia. BMC Pulm Med. 2022;22:427–32.

 7. Peng Z, Zhou J, Tian L. Pathogenic characteristics of sputum and 
bronchoalveolar lavage fluid samples from patients with lower 
respiratory tract infection in a large teaching hospital in China: a 
retrospective study. BMC Pulm Med. 2020;20:233–9.

 8. Torres A, Cilloniz C, Niederman MS, Menéndez R, Chalmers JD, 
Wunderink RG, et al. Pneumonia. Nat Res. 2021;7:25–52.

 9. Prina E, Ranzani OT, Torres A. Community-acquired pneumonia. 
The Lancet. 2015;386:1097–108.

 10. Baselskin VS, Wunderink RG. Bronchoscopic diagnosis of pneu-
monia. Clin Microbiol Rev. 1994;7:533–58.

 11. Sanchez Nieto JM, Carillo AA. The role of bronchoalveolar lavage 
in the diagnosis of bacterial pneumonia. Clin Microbio Infect Dis. 
1995;14:839–50.

 12. Patrucco F, Gavelli F, Ravanini P, Daverio M, Statti G, Castello 
LM, et al. Use of aninnovative and non-invasive device for viro-
logic sampling of cough aerosols in patients with community 
and hospital acquired pneumonia: A pilot study. J Breath Res. 
2019;13:1–8.

 13. Kalil AC, Metersky ML, Klompas M, Muscedere J, Sweeney DA, 
Palmer LB, et al. Management of adults with hospital-acquired 
and ventilator-associated pneumonia: clinical practice guidelines 
by the Infectious Diseases Society of America and the American 
Thoracic Society. Clin Infect Dis. 2016;63:61–111.

 14. Martinu T, Koutsokera A, Benden C, Cantu E, Chambers D, Cypel 
M, et al. International Society for Heart and Lung Transplanta-
tion consensus statement for the standardization of bronchoal-
veolar lavage in lung transplantation. J Heart Lung Transplant. 
2020;39:1171–90.

 15. Bronchoscopie, bronchusspoelsel en/of BAL (versie 2). Docportal 
UMCG Zenya. Available from: https:// umcg. zenya. work/ porta l/#/ 

docum ent/ 57370 3f1- 36d8- 4093- bfe1- ae0a1 10a4d 56. Cited 2023 
Jan 18. Accessed 15 Jan 2024

 16. Materiaal afnemen voor kweek en diagnostiek, naar virussen, 
bacteriën, schimmels en parasieten (volwassenen, kinderen en 
neonaten) (versie 7). Docportal UMCG Zenya. Available from: 
https:// umcg. zenya. work/ porta l/#/ docum ent/ ed06c fe8- 954c- 4b43- 
a96a- 0af73 fcad6 ab. Cited 2023 May 3. Accessed 15 Jan 2024

 17. Horan TC, Andrus M, Dudeck MA, Atlanta M, Background G. 
CDC/NHSN surveillance definition of health care-associated 
infection and criteria for specific types of infections in the acute 
care setting. AM J Infect Control. 2008;36:309–32.

 18. Zhang CYK, Ahmed M, Huszti E, Levy L, Hunter SE, Boonstra 
KM, et al. Utility of bile acids in large airway bronchial wash 
versus bronchoalveolar lavage as biomarkers of microaspiration 
in lung transplant recipients: a retrospective cohort study. Respir 
Res. 2022;23:219–31.

 19. Keith Pinckard J, Kollef M, Michael DW. Culturing bronchial 
washings obtained during bronchoscopy fails to add diagnostic 
utility to culturing the bronchoalveolar lavage fluid alone. Diagn 
Microbiol Infect Dis. 2002;43:99–105.

 20. Kim YW, Kwon BS, Lim SY, Lee YJ, Cho YJ, Yoon HI, et al. 
Diagnostic value of bronchoalveolar lavage and bronchial wash-
ing in sputum-scarce or smear-negative cases with suspected pul-
monary tuberculosis: a randomized study. Clin Microbiol Infect. 
2020;26:911–6.

 21. Tasbakan MS, Gurgun A, Basoglu OK, Ekren PK, Pullukcu H, 
Bacakoglu F. Comparison of bronchoalveolar lavage and mini-
bronchoalveolar lavage in the diagnosis of pneumonia in immu-
nocompromised patients. Respiration. 2011;81:229–35.

https://umcg.zenya.work/portal/#/document/573703f1-36d8-4093-bfe1-ae0a110a4d56
https://umcg.zenya.work/portal/#/document/573703f1-36d8-4093-bfe1-ae0a110a4d56
https://umcg.zenya.work/portal/#/document/ed06cfe8-954c-4b43-a96a-0af73fcad6ab
https://umcg.zenya.work/portal/#/document/ed06cfe8-954c-4b43-a96a-0af73fcad6ab

	The agreement between bronchoalveolar lavage, bronchial wash and sputum culture: a retrospective study
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Setting
	Study design
	Review of clinical records
	Sampling techniques
	Microbiology
	Definitions
	Pneumonia
	Immunocompromised state

	Statistical analysis

	Results
	Microbiological results
	BAL findings
	BW findings
	Sputum findings

	Comparing diagnostic efficacy
	BALF versus BW
	BALF vs. Sputum


	Discussion
	References


