
Impact of processing technique on
bronchoalveolar lavage cellular analysis

To the Editor:

We read with great interest the study by BOLLMANN et al. [1] wherein the authors describe the impact of
collection protocols and bronchoscope lumen size on bronchoalveolar lavage fluid (BALF) cellular analysis.
Their findings highlight the importance of standardising BALF collection protocols in order to
meaningfully interpret and compare BALF analysis results, for both clinical and research purposes. As a
complement to their study, we would like to emphasise the importance of laboratory methods used to
process the collected sample. We present our experience with highly discordant BALF cell counts and
differentials, using two processing protocols in our local laboratory.

Multiple elements in the laboratory method used for BALF processing, including cytocentrifugation
technique and staining, can impact BALF cell differential [2–4]. Published guidelines for BALF processing
and interpretation recommend that cytocentrifugation with Giemsa type staining (CY) be used for
differential cell count analysis [5]. ThinPrep (TP) technology with Papanicolaou staining is a liquid-based
preparation method for cytological specimens which has been adopted by many pathology laboratories as
it is automated and results in a clean background with an even distribution of cells on the slide. The
Papanicolaou stain used for TP is optimal for detecting atypical and malignant cells and but not for
differentiating inflammatory cells [6]. There is a paucity of data comparing the techniques for BALF
cellular analysis, and the reported prevalence of either technique in clinical practice is unknown [5]. Until
recently, BALF cellular analysis was performed exclusively using TP at our institution, due to the relatively
higher cost and resource intensity of CY. As a quality improvement initiative, we compared the BALF cell
count differentials obtained using both techniques concurrently during this time of transition from TP to
CY in accordance with current guidelines.

We retrospectively identified BALF samples collected for clinical purposes via flexible bronchoscopy over a
13 month period from four hospitals in Calgary, AB, Canada. Each sample was analysed using both TP
and CY methods concurrently, with all samples analysed at a single laboratory.

TP (Cytyc, Marlborough, MA, USA) samples were prepared according to the manufacturer’s instructions.
The sample was placed into an alcohol-based preservative solution, Cytolyte (Cytyc), centrifuged to obtain
cell pellet that was resuspended in Preservcyt (Cytyc), then an even monolayer of cells was collected using
a filter. The cells were subsequently transferred to a glass slide, and stained with the Papanicolaou
technique. The bronchoalveolar lavage (BAL) differential was performed by a cytopathology technologist
and a cytopathologist performed the final review.

For the CY method, initial total white blood cell (WBC) and red blood cell (RBC) counts were analysed
using a Sysmex Cell count analyser (Sysmex Canada, Mississauga, ON, Canada). If WBC count was
>10000×106 L−1 or RBC >5000000×106 L−1 a dilution was performed to 1000×106 L−1. If the BALF was
viscous, a few grains of hyaluronidase were added, mixing well for 10 min; if still viscous, the sample was then
incubated at 37°C for 5 min, mixed thoroughly, then run through the Sysmex analyser. Two cytospin
slides were then prepared using a Shandon CytoSpin 3 cytocentrifuge (Thermo Fisher Scientific, Waltham,
MA, USA) at 1000 RPM for 3 min. The slides were stained with Wright−Giemsa stain and the BAL
differential was performed by a haematopathology technologist with a haematopathologist performing the
final review.
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For each sample, cellular composition was categorised according to American Thoracic Society (ATS)
standard BAL diagnostic patterns (lymphocytic >15%; neutrophilic >3%; eosinophilic >1%) and according
to BAL patterns that suggest specific types of interstitial lung disease (ILD; lymphocyte differential count
>50%; neutrophil count >50%; eosinophil count >25%) [5]. Descriptive comparisons were used to assess
the differences in patterns between the two methods. Sensitivities and specificities for TP were calculated
using CY values as the reference standard for each specific pattern.

BALF cellular analyses from both methods were available from 28 samples (26 patients; two patients with
BAL from two lobes). BALF sampling was undertaken to assess for infection in 9/28 (32%), airspace
disease in 5/28 (18%), suspected eosinophilic lung disease in 3/28 (11%), malignancy in 1/28 (3%), and
“other” in 10/28 (36%).

Classification of BALF according to the analysis method used for standard and ILD specific cellular
patterns is shown in the table 1. More samples were classified as an ILD specific pattern (for all cell types)
when analysed by CY versus TP, whereas there was no trend in classification by the standard cellular
pattern. Cellular pattern was discordant between analysis techniques for a lymphocytic pattern in 5/28
(18%), neutrophilic pattern in 7/28 (25%), and eosinophilic pattern in 12/28 (43%). There were fewer
discordant samples when classified by ILD specific pattern, however, 10/28 samples (36%) were still
discordant by at least one ILD specific pattern. The absolute difference between techniques ranged from
−47% to 70%, with no consistent directionality. TP had poor sensitivity for ILD specific lymphocytic and
eosinophilic patterns (0% for both).

BALF cellular analyses were discordant when TP was compared to CY in a majority of samples for both
BAL and ILD specific patterns. TP had very poor sensitivity for ILD specific lymphocytic and eosinophilic
patterns. Our findings highlight the impact of BALF processing and analysis techniques, and emphasise
that standardised techniques must be broadly implemented. Our findings support previous literature
demonstrating BALF processing techniques can impact the BALF cell differential. SALTINI et al. [2]
compared BALF cell differential counts from a cytocentrifuge versus non-cytocentrifuge technique and
found cytocentrifugation was consistently associated with a loss in lymphocyte percentage. A more recent
study demonstrated variations within the cytocentrifugation conditions can also impact the BALF cell
differential [3].

BALF cellular analysis is proposed as an informative clinical tool in the diagnosis of certain pulmonary
diseases, most commonly ILDs, such as hypersensitivity pneumonitis, nonspecific interstitial pneumonia
and eosinophilic pneumonia [5]. However, for BALF to contribute meaningful pathobiological
information, results must be accurate, with accuracy dependent upon processing technique. An informal
survey (personal communications, K.A. Johannson) of ILD practitioners from different centres suggests
that many clinicians are unfamiliar with the BALF processing techniques in use at their institution.
Clinicians should enquire as to their local BALF processing and analytic techniques if BALF cellular
analyses are being used for clinical or research purposes, and aim to implement the currently
recommended technique.

Our data have important limitations, including a small sample size and retrospective study design. We
compared only TP results with the ATS standard, CY, thus the discordant results cannot be generalised to

TABLE 1 Classification and performance by analysis method for bronchoalveolar lavage
cellular pattern

TP (n=28) CY (n=28) Sensitivity and specificity of TP
for cellular patterns (versus CY)

Sensitivity Specificity

Standard cellular pattern
Neutrophilic (>3%) 27 (96%) 22 (79%) 21/22 (95%) 0/6 (0%)
Lymphocytic (>15%) 5 (18%) 10 (36%) 5/10 (50%) 18/18 (100%)
Eosinophilic (>1%) 18 (64%) 14 (50%) 10/14 (71%) 6/14 (43%)

ILD specific pattern
Neutrophilic (>50%) 7 (25%) 8 (29%) 7/8 (87.5%) 20/20 (100%)
Lymphocytic (>50%) 1 (4%) 3 (11%) 0/3 (0%) 24/25 (96%)
Eosinophilic (>25%) 0 4 (14%) 0/4 (0%) 24/24 (100%)

CY: cytocentrifugation with Giemsa type staining; TP: ThinPrep technology; ILD: interstitial lung disease.
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other preparation and staining methods. Data collection was performed primarily for local quality
assessment so we cannot account for patient-specific factors that can affect BALF, such as smoking status
or BALF collection techniques. However, we compared the two methods of analysis within the same
sample so it is unlikely that these factors affected our intra-sample discordance.

We hope that our data, combined with that of BOLLMANN et al. [1], will inform the potential sources of
discrepancy between and within centres when it comes to the role of BALF analysis, a timely topic given
the widespread interest in diseases such as hypersensitivity pneumonitis. Accurate results are critical for
meaningful applications of BALF analysis, and we encourage ongoing collaborative efforts to standardise
BALF collection, processing and analysis to guide research and to optimise patient care.
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