Standardizing sputum sample processing
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* Normal cellular profile in sputum (=Bronchial washing), BAL fluid

* Adequate Sputum Specimen for sputum analysis and culture

* Sputum induction and sample processing

» Standard Operating Procedures (SOP) & sputum processing WORKSHEET

* Summary
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Definition: Sputum versus Saliva

Definition of sputum

e Sputum, which is defined as expectorated lower respiratory
secretions, is composed of fluid and cellular components,
including macrophages, bronchial epithelial cells and

inflammatory cells.

 The more viscid portions, considered to be sputum, are
usually easy to recognize macroscopically when the sample

is poured into a Petri dish.

Dorland's lllustrated Medical Dictionary. Philadelphia, WB Saunders Co., 27th ed., 1988; p.1570.



Sputum differential cell count observed in healthy subjects
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Variable Mean = 5D Median Minimum Maximum £y
Total cell count = 10%/ml 2.7+ 2.5 1.8 0.4 14.2

% Macrophages 69.2 + 13 69.0 40 95

% Neutrophils 27.3 13 28.5 2 492

% Eosinophils 0.6 0.8 0.2 0 2.4

% Lymphocytes 1.0+ 1.2 0.8 0 5

% Epithelial cells 1.5+ 1.8 1 0 8.2
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Sputum inflammatory cell profile of healthy subjects and patients
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J. Vis. Exp. 2017: 130; €56612. d0i:10.3791/56612



BAL cellular patterns in normal adult nonsmokers and in ILD patients

I. Mormal Adults (Nonsmokers)

BAL Differential Cell Counts

Alveolar macrophages =85%
Lymphocytes (CD4+/CD8+ = 0.9-2.5) 10-15%
Meutrophils =3%
Eosinophils =1%
Squamous epithelial* /ciliated columnar epithelial cells’ =5%

Lymphocytic cellular pattemn

Eosinophilic cellular pattern

Meutrophilic cellular pattern

=15% lymphocytes
Sarcoidosis
Mons pecific interstitial pneumonia (NSIF)
Hy persensitivity pneumonitis
Drug-induced pneumonitis
Collagen vascular diseases
Radiation pneumonitis
Cryptogenic organizing pneumonia (COP)
Lymphoproliferative disorders

=1% eosinophils
Eosinophilic pneumonias
Drug-induced pneumonitis
Bone marrow transplant
Asthma, bronchitis
Churg-5trauss syndrome
Allergic bronchopulmonary aspergillosis
Bacterial, fungal, helminthic, Pneumocystis infection
Hodgkin’s disease

=3% neutrophils
Collagen vascular diseases
Idiopathic pulmonary fibrosis
Aspiration pneumonia
Infection: bacterial, fungal
Bronchitis
Asbestosis
Acute respiratory distress syndrome (ARDS)
Diffuse alveolar damage (DAD)

Am J Respir Crit Care Med. 2012; 185(9): 1004-1014



Adequate Sputum Specimen for sputum analysis or culture

Percentage or number of squamous epithelial cells

o 80% before cytospin vs. 20% after cytospin
Viability
+ A cell viability of < 40% may affect the Differential Cell Counts.

Number of neutrophils

+ Grading system for assessing the quality of sputum samples for culture

Presence of mucus plug



Grading system for assessing the quality of sputum samples for culture

TABLE L MODIFIED BARIETT S CRITERIA
: - Criteria Score
No. of Neutrophils Per 10 > Low-Power Field Grade
<10 . Q Neutrophils (pus = 10 neutrophil/10x field 0
1025 - - - Tl cells) count
=25 . +2 (Score A) 10-25 neutrophils/10x field =1
' - L e
Presence ofmucus =25 neutrophils/10x field =
No. of Epithelial Cells Per 10 ¥ Loﬁ;PQ}%’_er_ Fi_i:ld_ - ) Macroscopy Mucoid, Mucopurelent, Purelent, or ]
=25 . e = (Score B) Blood stained
-Tota.l_* j- " | Squamons epithelial < 10 Squamous epithelial cell/10x 0
' cell connt
field
# Average the nunther of epithelial cells and nentrophils in abeut 20 or 30 (Score C)
separate 10X microscopie fieids and then valvulaie the toral. A final score - 10-25 Squamous epithelial cell /10x 1
of @ or less indicates lack of getive inflasmmarion or contamingiion with
safiva, Repear sputim specimens should be reguested, field
e =25 Squamous epithelial cell /10x 2
field
| .-...m-:ﬁ;i;ﬁthelial Ceﬂs PEJF -Leukﬂcm Per * If the total score is 1 and above, the sputum will be cultured, and the specimens will be
" Low-Power Field " Low-Power Field proceeded accordingly. Whereas if the total score is 0 and below, the process of sputum will
Greoup 1 25 10 stop.
Group 2 L 23 - 0-25
Gmup 3 ' ) 25 75 Murray PR, Washington JA. Microscopic and baceriologic analysis of expectorated sputum. Mayo Clin Proc. 1975 Jun;50(6):339-44.
Gmul} 4 10-25 2_5 Lester K. et al. Comparison of Six Different Criteria for Judging the Acceptability of Sputum Specimens. Journal of clinical microbiology, 1982; 16(4): p. 627-631.
Group § <10 25




Inadequate sputum sample for sputum analysis

20 um

SI80§% offsquamousicells
unsuitableifordaicytospings

* If the percentage of squamous epithelial cells is greater than
80%, the sample is considered unsuccessful

Figure 3: Example of a poor quality cytospin slide with >80% of squamous cells. Scale bar = 20 pm.



Sputum induction and sample processing
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LZ23261 Eosinophil stain sputum
L23262 Eosinophil stain & Diff.
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SPUTOLYSIN® Reagent - CAS 578517 - Calbiochem

IR HS Mode  ojd =5 7IE (VAT E L)
che|

S560000-10MLCHN Y AL Glass 10 ml KRW 107,200.00

g5 botle AAHo| A Hm 2 @

2T A 2
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560000-1SETCN HIH AL Glass 1 zet KRW 538,600.00 .

=l b bottle DI FIHEE SR 2 40um pore sized nylon mesh
Description
Overview Concentrate of Dithiothreitol (DTT, Cat. No. 233155) in
References phosphate buffer, pH 6.5-7.5. Intended for the isolation of

epithelial cells, pathogenic or saprophytic bacteria, funagi,

Hirsch, S.R., et al. 1969. J. Lab. Clin. Med. 74, 345. and yeasts from sputum. Each vial is sufficient to make

Shah, R.R. and Dye, W.E. 1866. Am. Rev Respir Dis 94, 454 . )
Dixon, J.M.S. and Miller, D.C. 1965 (November). Lancet p. 1046. | 100 Ml of working solution.
Cleland, W.W. 1964. Biochemistry 3, 480.
May, J R. 1953 (September). Lancet p. 535. Mote: 1 set=20x 10 ml

Catalogue Number 560000

Brand Family Calbiochem®




The utility of sputum analysis

Sputum = Bronchial washing, # BronchioloAlveolar Lavage

Supernatant of sputum & expectorants: measure biochemical markers

Differential count: provide the information about the inflammation status in the airway
Flow cytometry, Genomics, transcriptomics, Proteomics

Immunocytochemical staining, In situ hybridization, Microarray



Immunohistochemistry

Immunostaining
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https://www.bdbiosciences.com/ko-kr/learn/applications/immunohistochemistry#QOverview
Thorax 2002;57:449-451

In situ hybridization with more specific RNA probe

SiglecF-680

PLoS ONE 9(2): e90017.

ﬂ ANTISENSE PROBE:
transcribed in the presence
/\f“” of Dig labelled UTP

ﬂ /\ RNAse TREATMENT:
«3 Degrades single stranded

— RNA (non-hybridised RNA)

ﬂ /\/ # " Incubation with anti-Dig
*( antibody conjugated with

alkaline phosphatase (AP)
4

AP reaction with chromogenic
substrate (BM Purple)

Non-target mMRNA

Target mRNA

Target mRNA anti-sense
probe

Cell nucleus
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Microarray
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Sputum processing method for: entire sputum and selected sputum

Four enlire expeclorale into preweighed polyslyrens
tube and weigh

Pour expectorate into tissue culture plate, select
100-500 mg sputum free of salivary
contamination and place in preweighed
polystyrene fube

|

Add equal volume of OTE or DTT
(sputalysin working solution)™

Add sputalysin working solution® equivalent to
dxselected waight

l

Aspirate and dispense several limes
with disposable pipette and agitate on vartex mixer

l

Aspirate and dispense several times with
disposable pipetie

Flace in shaking waterbath or rocker for 15 min at Flace in shaking waterbath or rocker for 15 min al
gither 22 or 37°C” 22°C"

Filter through 48 pm nylon mesh inio
preweighed conical lube

Filter through 48 um nylon mesh into
preweighed conical tube

[ l
Weigh filtrate Weigh filtrate
I ]
Ferform manual TCC and assess viability® Perform manual TCC and assess viability *
l |
Calculate TCC per millilitre entire expeciorare Calculate TCC per gram selected sputum
Prepare cymspins‘*aﬂ{j stain with Wright's or Prepare cytospins® anL stain with Wright's or
Giemnsa stain Giemsa siain
l 1
Perform DCC on =400 nonsquamous cells® Perfarm DCC on =400 nonsquamous cells”
l J

The advantage of using the entire expectorate is
that the technique is quicker to perform.

= H squamous cell contamination: < 20% vs. < 5%

There is conflicting data as to whether or not
differential cell counts (DCCs) differ between the
two methods.

- higher eosinophils % in sputum processed by the
selection method compared to the entire
expectorate [AJRCCM 1998; 157: 665—668]

- no difference between two methods [ERJ 1996; 9:
2448-2453]

Protocols for "Analysis of fluid-phase mediators"

DTE: dithioerythritol; DTT: dithiothreitol;
TCC: total cell count; DCC: differential cell count

Eur RespirJ 2002; 20: Suppl. 37, 19s-23s



Sputum induction: Standard procedure

1. Explain the procedure in detail to the subject (rinse mouth before proce-
dure, saline inhalation with tidal breathing, saliva handling during
inhalation; after 5 min intervals cough and try to expectorate into the
sputum cup).

2. Set nebuliser (output ~1 mL-min™), fill it with sterile saline solution

(usually with concentration of 4.5%).

Measure baseline (pre-salbutamol) FEV:1 (or PEF).

4. Premedicate the subject with inhaled salbutamol (200 pg) and
repeat FEV1 (or PEF) measurement after 10 min.

5. Start nebulisation and ask the subject to perform tidal breathing (set
the clock for 15—20 min). Ask the patient to perform inhalation for
5 min intervals followed by coughing and expectoration (the clock
should be stopped at each coughing episode). Encourage the subject
to cough and spit at any time during the induction if he/she feels the
urge to do so.

6. After each 5§ min interval carry out FEV1 (or PEF) repeat spirometry.
If FEV1 or PEF falls more than 20% from the post-salbutamol
value, stop the procedure. If induction is stopped due to an
adverse effect (or for any other reason), record the total induction
time.

(WS ]

Alternative procedure for high-risk patients: step by step
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Breathe 2013; 9: 300-306. DOI: 10.1183,/20734735.042912
Allergy Asthma Respir Dis 2017; 5(6):307-311. https://doi.org/10.4168/aard.2017.5.6.307
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Sputum sample homogenization: entire expectorates
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Sample filtration, Total cell count and viability

=20l E H= =0[7] ®l5l LIZ 2 mesh (48 um)O0f| & 1
> L 7+& 7t 40 um pore sized nylon mesh AHE 75 ‘
M ZE = o 2 (viability)= 87107 2[5l 10 uLe| M= S EFA T} 10 uL2| tryptan

blueE 4 AH A A= S0 &4 AH|(hemocytometer counting chamber) S O| &5}

o &M=Ll 7f=E AL},
= M| =0 Ci S A& M X (cell viability) 2| E82 %2 E 11 5IC}
> ME[g = Q=20 E 7] flol|l =&gez Zder As HEY



Hemocytometer and total cell counting (TCC)

RAISED
o PL.‘.TEDRMS
GLASS
\.\1 Hi_ _.4'L Cover glass Counting chamber
‘.'.;:Eb 0.1mm depth
I?%,\ ‘\: Cover glass support /
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CHAMBERS

N |

1 mm //

A
\ 4

1 mm

Volume : 0.1mm3

1ml=1cm3=1000 mm3




Example

TB : Trypan blue
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O Count o © -
O
& Uncount e G o €
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T mm

Dilution factor

\ol. of

Cell count Total viable cells
Cell
Solution
0.1 mlCS+ 20 ml 23 20 X 2 X 23 x 10479.2 x 106 cells
0.1mlTB (2)
0.1 mlICS+ 15 ml I 15 x 4 x 23 x 104=1.38 x 107 cells
0.3ml TB (4)
0.1mlCS+ 10 mi I 10 x 10 x 23 X 104=2.3 x 107 cells

0.9 ml TB (10)




Centrifugation and storage of supernatant

o =
12 H

o & 5 AH(supernatant)= = 2|ot7| 2|3l &&= 2|(400xg, 10&)E oF, &
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Cytospin centrifugation, staining and counts

7|0 A L2 M ETEE balanced salt solution (22 buffer)0| CtA| = 0|, O| Y
MNZE S5 = 1.0x106 cells/mLE SHECE O] = ZFZEO| cytospinOfl CH 2F 40-65 ull| M E
(450-650% 103 cells)= = 2L}

cytospin A& HE = 22xgC 2 et AT AZ HE
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Cytocentrifugation (Cytospin™)

200,000 cells, /

Fisherbrand
filter card

200,000 cells,
Thermo Shandon
filter card



5”’”&%{2‘5 SPUTUM PROCESSING WORKSHEET
1T NUMEBER: UERFE-EHP: ;ﬁni_éggﬁ Event
ﬂa}FnrmDateDDfDDfrDDDD Ob) StﬂﬁCDﬂEDDD
0c) Date Collected HEENEEER

0d) Processing Started DDI:":I AMPM (circle one)

Instructions: Complete thiz form while processing the spufum sample. Carefully record all data in the space
provided.

1) Weight of Entire Sample | " || || ” |grams

Color and Description of Sample:

21 Salivary Contamination (check all that apply):
a) [] Minimal
by ] Mild
¢) [] Moderate
d) [] Excessive

3

—

Consistency (check all that apply):
a) [] Watery

b} [] Mucoid

) [] Purulent (puss)

4} Mucus “plugs” (material that is colored and/or more opaque than clear surmounding saliva)
(check all that apply):
a) ] Numerous
b) [ ] Moderate number
c) [] Sparse
d) [] Large
e) ] Small
) [] Densefflocculent
g) [] Diffuse opacity
h) ] None

FORM CODE: 3PW

1D NUMBER: VERSION: 6.0 0472272019 Event

5) Color of plugs (check all that apply):
a)[] Clear
by ] White
c) [] YellowTan
d) ] Brown
e} [] Graen

G) General Notes/Comments:

Ga) Sputum processing condition
[] Condition 1: Induced initial sample Wt. is = 1, - [Perform Steps 7-14 below]
[] Condition 2: Induced initial sample Wt. is 0.5g-1g: —= |Perfﬂrm Step 7; then 10-14 helﬂvd
[] Condition 3: Induced initial sample Wt is =0.5g: — Perfurrn Steps 10-14 helmnd
[ Condition 4: Induced initial sample Wt is =0.5g and a spontaneous sputum sample was
acquired prior to induction. — Perforrn Steps 7-8 with induced sample; then 10-14 witH
[spontaneous sample]

[] Condition 5. Mo induced sputum sample was produced: but a spontansous sample was
acquired:

Ga1) Sputum processing for Condition 5
[] Condition A: Spontaneous sample Wt is = 1g, = [Perform Steps 7-14 below|
[] Condition B: Spontansous sample Wt is 0.5g-10: — [Perform Step 7; then 10-14 below|
] Condition C: Spontaneous sample Wt. is <0.50: - Perform Steps 10-14 below|

7) Processing Whole Sample using the Mucin Method

Mucin Sample

Whole sputum weight (g) | 7b)

Guanidine vol. {mil) Te)

*Sample size should be from 0.100-0.250g. Add 0.5ml of guanidine reduction buffer (M) to the sample and
store at 2-8 ° C in the refrigerator.

8) Processing Microbiology sample

Micro Sample

Whole sputum weight (g) &b}

Wol. of Zymo added (ul) ac)

Wol. per aliquot (8b+5c)/2 &d)




D MUMBER:

FORM CODE: 3PW
VERSION: 6.0 0472272019

11) EDTA-DPBS Supematants for Mucleotides and Cytokines

Event

YYolume stored per aliquot

standard operating procedures

RHADNA

Supematants Mumber of aliquots (ul)
Mucleotides al) b1}
Cytokines cl) di)
Cytokine Zymo Research el) 1)

*If the supematant volume is greater than 8.6 ml, obtain 4 1000 pl aliquoets for nucleotides and, 4 1000 pl
aliquots for cytokines. Of the remaining sample, take 600 pl and mix it 1:1 with Zymo Research ENA/DNA
shield. Apply the label called “SPU_DPBS Zymo™ to the aliquot containing the Zymo Research ENADNA

shield.

If the sample volume is less than 8.6 ml start by getting 1 nucleotide sample between 200-300 pl and 1
cytokine sample at 200 pl. Mix one of the cytokine aliquets1:1with Zymo Research ENA/DNA shield and
apply the label called “SPU_DPBS Zymo™ to this aliquot. If there is sample leftover after that. then continue
alternating between nuclectide and eytokine aliquots (i.e., 200-300 pl for nucleotides, 200 pl for cytokines)

1mtil fimished.

All supemnatant samples are immediately stored in a -80° C freezer.

EDTA-DTT Supematants

Eosinophil stain & Diff.

M=
Lz3262 HEEFHE
ZAMDE
HE3IE
A A L LEHEY 2023,8,26

Supematants Volume stored (ml)

Sputolysin Sup 01 gt}

Sputolysin Sup 02 g2)

12)Cell Counts
Cell Counts: # Dead # Live Total Squamous Epithelial

a) Quadrant 1 1) 2) 3) 4)

b) QGuadrant 2 1) ) 3) 4)

c) Quadrant 3 1) 2 3) 4)

d) Quadrant 4 1) 2 3) 4)

e) Totals: 1) 2 3) 4)

*Count live (clear) and dead (cell interior is blue) cells in each of the 4 comer guadrants. Include bronchial
epithelial cells (BECs), but exclude RBEC's. Count squamous epithelial cells but do not include them in the

total live/dead cell count} Perform total cell count and cell viakility. Adjust the cell concentration of the sample

to 0.5 — 1x10° cellsfml and make 4 cytospin slides.

A At &E: Sputum differential count or neut/eos stain
AL 22|
AN K 2 e

Al 9L Z

© © N o o kM 0 DR

AL

LB

S 22| XM MA #£2 £210[=
ol AFR 0|9

o 1 —l—

HIEH




Cifotzs) 2 SE7[sf

( Q ) The Korean Academy of 2710i2  Otolmolx]  CONTACT US
2 Tuberculosis and Respiratory Diseases
B R X2 o A3 StEHAL == Y UAE waH A 2ot Mz ==

X|=f 5! A2l

ot
| 15y 4z 4t st mzs 2 QED)

sputum induction_JOVE.mp4

Y
u
¥
w
=
B
o
¥
=

/A 23

2023.08

sputum processing_JOVE.mp4

X8| U 9178]

2023 119 72 M 2H M4el x4 20| U meet professor (AL

=
&X|: 4th World Bronchiectasis & NTM Conference - Virtual Edition 21

A3 A ALY MY Xi3] A A3 0l 0f

o LL7| X316/ FH:0 23/4 2020.09
COPD 73] ILD 173 Zs A3 ¢ a3 20204 9134 2olB CheRE 09
HALUI| F34:32/FHM1 25 /4A 2020.10
A A A A
A7 N\ AMEI| N\ AR N\ A7 N\ T ey
HALL| T 37/ FHL:2 25 /M4M 18
r \i 01 KMBARC registry protocol_bmjopen-2020.pdf 2021.01
02 Population-based prevalence of BE in South Korea.pdf
7| XE A2l 7| 2XEHES d13 7|8 A3 EXHH 2 A3
S AL G ETH=S 0 18
S E3|% FHS0 25/4 a
PO I PO PN PO BN A N\ e i el - —
| . J Rl 20219% I XSRS A HHY 2oE
L I EI$:12/FH:1 2=/ AR 02
2021.02.17_Bronchiectasis in PID_Z0jiZl_Z2|S H|Z pdf 2021.03
2HS ST A3 A=K 2 ARG HA ARG HEa A1 20210217 Future & direction of PCD (211 &|%).pdf
AT (71 BXI2FEZ ) CHAIRT| L A 5K M2l 2|22 conference Oty 13
A A A A
AT N\ AT N\ AT N\ AT N\ o] E814:18/£H4:0 an/4q 2022.02
zn EEEEENEEEIT 09
HALLI| 36/ FHL:0 27/ 4H 2022.08
=3714gE A7 SEME A2 sHE YA A3 20224 94 o178 MH
HlAEUT| 42/ FHL0 45 /49 20
ES V] AN A7 N\ A7 N\ 202245 9473 BAE jpg 2022.11
202295 473 A4 AL jpg



Key points: standardizing sputum sample processing

* ensure complete homogenization of sputum

* filter the sputum to remove excess mucus and debris

* perform a manual Total Cell Count prior to centrifugation
* count the entire volume of the counting chamber

* prepare cytopsins with an optimum number of cells

* ensure that buffers and stains are optimized

* perform a 400-nonsquamous cell Differential Cell Counts
* report the squamous cells separately

* include positive and negative controls with special stains

* implement a reqular quality control system

* use standard operating procedures (SOP) & sputum processing WORKSHEET
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