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Abstract

Background

Induced sputum cell counts are a non-invasive, reliable method for évglttee presence,
type, and degree of inflammation in the airways of the lungste@Gt reference values fpr
induced sputum cell counts in healthy adults do not account for theseffeaircadiar
rhythm, including diurnal variation. The objective of this study wadescribe the diurnal
variation in induced sputum cell counts, compared between early mornitgt@adternoon,
in healthy adult individuals.

Methods
100 healthy adult subjects with no history of lung disease and ndmoathial reactivity
proceeded with induced sputum testing at 7 am and 4 pm on differentTdeysrder of

testing was randomized. The cytotechnologist preparing and perfoth@rgell counts was
blinded to the sample collection time and subject characteristics.

Results

65 subjects were included in the final analyses. There was ndicgighichange in the tota
and differential sputum cell counts between the 7 am and 4 pm moikecthere was goqd
inter-observer agreement with respect to differential sputum cell courgretteion.




Conclusions

This is the largest study to assess the variation in induced spetuoounts in healthy aduylt
subjects at different times of the day. We found no significaam@é in total and differential
sputum cell counts between the 7 am and 4 pm collection time poinssisTihi contrast tp
studies in asthmatics that demonstrated a circadian variatiqrutiang cell counts and othier
markers of inflammation, suggesting that fluctuations in ainmfigmmatory cells during the
day are a disease-specific effect.
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Background

Induced sputum cell counts are a non-invasive, reliable method for évgltte presence,
type, and degree of inflammation in the airways of the lungs.[$f}tum cell counts can be
used clinically to assist with management of underlying ainmdigmmation, including
titration of inhaled corticosteroid therapy in patients with asthdja Tailoring asthma
management based on sputum eosinophil counts has been shown to be @ffeetiveing
asthma exacerbations [4-7] and is now considered standard obcaufts with moderate
to severe asthma in the most recent iteration of the Canadian asthma guj8glines

As in many other biological systems, circadian rhythms are knowsave an impact on the
respiratory system. In healthy subjects, endogenous circaditmrhgontribute to diurnal
changes in pulmonary function [9]. In asthmatic patients, thereciscadian influence on
airway resistance and lung volumes [10,11]. Moreover, asthmatics bameshown to have
decreased lung function at night and early morning [12]. Analydisarfchoalveolar lavage
fluid in patients with asthma has revealed a circadian &tiaran lymphocytes and a variety
of cytokines [13,14]. One small study examining the circadian cangaduced sputum in
11 asthmatic patients demonstrated an increase in early mootahggutum leukocytes and
eosinophils [15]. Whether these changes are a normal responseifc $p@asthma remains
to be determined. Current reference values for induced sputum cel$ ¢couralthy adults
do not account for the effects of circadian rhythm [16,17]. Thuspgaesssary to understand
the effect of normal circadian variation, including diurnal variationjnolliced sputum cell
counts in healthy non-asthmatic individuals, especially when tefstinginical or research
purposes can be performed at various times throughout the day. tdndarg whether these
alterations are disease-specific or simply reflect ciesadnfluences on normal airway
biology will improve our interpretation of induced sputum cell countserirtliestigation and
management of inflammatory airways disorders, and will furttemdsrdize clinical and
research methodologies. Therefore, the aim of this study wastoate the diurnal changes
in induced sputum cell counts in healthy adult subjects. We hypothabiagdsimilar to
patients with asthma, total sputum leukocytes would be elevateteiredrly morning
compared with the evening.



Methods

Study subjects

The study was approved by the Institutional Research Ethics Badraviatten informed
consent was obtained from all subjects. Adult study participants glgyible for inclusion
into the study, provided they had no history of any chronic respiratmrglitions and had
normal spirometry (forced expiratory volume in one second [FE80% predicted and
forced expiratory volume in one second to forced vital capacity [R&V:/FVC] >0.75),
with no significant bronchodilator response (REAhd FVC <200 mL increase and <12%
increase following short-acting bronchodilator administration). Pallestudy participants
were excluded from the study if they had any of the followingrositive methacholine
challenge test (defined here as a provocative concentrationtiofcheline required to give a
20% reduction in baseline FEYPG,g) <16 mg/mL); a smoking historb pack years or had
smoked within the past 12 months; a history of atopy; a history oitishsymptoms; a
diagnosed upper respiratory tract infection 4 weeks prior to study partecipatia history of
any inflammatory condition considered by the investigators toclbecally relevant,
including any underlying autoimmune disorder, infectious disease, immiucriedey,
malignancy or clinically relevant cardiovascular, neurologiealdocrine or hematological
disorder. Women who were pregnant, or who were planning on becograpteluring the
study period, and women who were breastfeeding were also excludeltly, Finly those
study participants who provided written informed consent were included in the study.

Study design

The primary objective was to describe the diurnal variation in indapatum cell counts,
compared between early morning and late afternoon, in healthy adult individuals.

Study participants attended our laboratory on three separasi@ts. During the first visit,
the subject’'s medical history was reviewed to determine i thet inclusion/exclusion
criteria. Pre- and post-bronchodilator spirometry was completed amdethdacholine
challenge test was performed. Suitable candidates were randontizendergo initial
induced sputum collection at either 7 am or 4 pm. At the seconauigects performed the
first induced sputum test. Subjects were asked to return 2-5 derylaomplete the second
induced sputum collection. To assess the subjects’ sleep patteonstqoreach sputum
collection, including any disruption to their usual duration of sleep, ubgedts answered
standardized questions about their usual weekly sleep habits andebpisshedule during
the study period.

The randomization sequence was computer-generated and stored in opalgdesisvelopes
that were held by an individual not involved in the study.

Procedures

Pulmonary function testing

Spirometry, pre- and post-bronchodilator administration, and methacholinengigatesting
were performed according to American Thoracic Society (ATS) guie[il8,19].



Sputum induction and processing

Induced sputum collection was performed using accepted techniques atwnmardized
guidelines [20]. Sputum was induced with escalating concentrations of hypeettoméc(4%,
4%, 5%). Subjects inhaled the hypertonic saline for 7 minutesafdr eoncentration. If the
baseline FEY fell by >20%, or if the subject experienced respiratory disfrthe procedure
was discontinued and treatment with inhaled bronchodilator was giveranfgpiy was
repeated to ensure the FEMhproved to within 10% of baseline. After induction, 10 mL of
10% buffered formalin (Starplex Scientific Inc, Etobicoke, Ont) wdded to the sample
container, as described previously [21]. Sputum samples were bataedips of 4 or 6 and
sent for processing by a cytotechnologist blinded to the collectioesti The expectorated
preserved sputum was poured into a petri dish and examined. Colour wdsandtdense
areas were chosen for processing. The sample was then suspenmesphate-buffered
saline (PBS) and rocked for 10 minutes before being centrifug@rom x g for 10 min).
After centrifugation, the supernatant was removed and the sampgleonedly vortexed.
These steps were repeated three times. A solution of 2.5%nt(@psmes volume to sputum
weight) was added to the sample and the solution was then incub&®Catvernight (16—
17 hours). Total cell counts were obtained manually using a Bright+i@ebuer
hemacytometer (Hausser Scientific, Horsham, PA). The celte dituted in PBS to 1 x
10°/ml and cytospin slides were prepared, before being stainedGeitgo red, after which
differential sputum cell counts were performed on 400 non-squamous @atpleS were
considered adequate for analysis if there was <20% squamouscarghmination.
Measurements were compared with standardized values [16]. Cell emnetperformed by
an experienced cytotechnologist blinded to subject characteristitsssputum sample
collection times. To assess inter-observer agreement in theedifial sputum cell count,
both slides from 20 subjects were recounted by a second experigmoestimologist, who
was also blinded to subject characteristics and sputum sampleioallemes. Given that the
samples were preserved in formalin, analysis of sputum fluidephaediators, including
cytokines and chemokines, could not be performed. Cell viability could not be determined.

Sample size and statistical analysis

Belda et al. measured induced sputum cell counts in healthy additsutvieference to time
of sample collection, and found a mean total cell count of 4.13°xdB/gram (standard
deviation (SD) 4.8 x TOcells/gram) [16]. Panzer et al. found an increase in total sputu
leukocytes and eosinophils at 7 am compared with 4 pm in patiemtsnit asthma [15].
Based on the cell counts from the Belda study and the increasglyrmorning sputum cell
counts in the Panzer study, we calculated that 63 subjects wotsdjlne=d to detect a 50%
increase in total cell counts in the 7 am collection comparddthét 4 pm collection, using a
one-sided test, a power of 0.80, and an alpha level of 0.05.

Values from the different sputum collections were compared usiagpaired t-test for
normally distributed data and the Wilcoxon signed rank test for nomaettia data. To
assess inter-observer agreement, Bland-Altman plots were pedoamd the intra-class
correlation coefficient was calculated. For the primary outcohobange in total sputum cell
count, a p-value <0.05 was considered statistically significamtadcount for multiple
analyses, a p-value <0.01 was considered statistically smmiffor the differential sputum
cell counts.



Results

Study subjects

Subject enrolment started in January 2010 and ended in March 2012. Sldyeds f
summarized in Figure 1. Of the 100 subjects who volunteered to pddjcipa were
excluded due to a positive methacholine challenge test, 16 were withdte to difficulties
attending all required study visits, and 8 were excluded as it ¢@@ of their sputum
samples was unsatisfactory for interpretation. Sixty-five sibjeere included in the final
analyses. Subject characteristics at baseline are listeabie 1. The majority of the subjects
were Caucasian (n = 50) and female (n = 40). The study populationonaal spirometry.
None of the subjects were taking regular medications at the time of enrolment.

Figure 1 Subject Flow.

Table 1Baseline characteristics of subjects

Characteristic Value
Age, yr 35(9.8)
Male:Female 25:40
Ethnicity, n (%)
Caucasian 50 (77)
Asian 10 (15)
Other 5 (8)
BMI, kg/m? 29.7 (4.8)
Smoking, Pack-years 0.3(1)
FEVy, L 3.52 (3.13,4.17)
FEV:1 (% pred) 106 (97,114)
FVC, L 4.42 (3.89,5.52)
FVC (% pred) 109 (98,120)
FEV./FVC, % 0.8 (0.77,0.85)

Definition of abbreviations. BMI = body mass indeXsEV; = forced expiratory volume in one
secondFRC = functional residual capacitf£VC = forced vital capacity. Parametric data are
shown as mean (SD). Non-parametric variables are reported as median (IQR)

Changes in airway inflammatory cells

Table 2 summarizes the induced sputum cell count results. Thenmeovgagnificant change

in the total and differential sputum cell counts between the 7 raindapm collections.
Although there appeared to be a change in absolute macrophageuct]lthe p-value did
not reach oura priori cut-off for differential cell counts (p < 0.01) and therefore was
considered not to be statistically significant. The time betwsgutum collections was
approximately 5 days [mean 125.4 hours (SD 82.2 hours)].



Table 2Change in sputum cell counts

7 am 4 pm p-value
Total cell count, x1%g 2 (0.95,3.55) 1.39 (0.75,2.97) 0.34
Neutrophils, % 51.5 (35,68) 51 (35,68) 0.84
Neutrophils, x18/g 0.81 (0.33,1.37) 0.81 (0.28,1.32) 0.96
Eosinophils, % 0.7(0,2) 0.5(0,2) 0.36
Eosinophils, x10g 0.0069 (0,0.049) 0.005 (0,0.027) 0.08
Macrophages, % 39.3 (25,57) 37.3 (20,61) 0.44
Macrophages, xfg 0.67 (0.30,1.39) 0.44 (0.29,0.73) 0.033
Lymphocytes, % 1(0,2.5) 0.75 (0,3) 0.46
Lymphocytes, x1%g 0.005 (0,0.51) 0.0076 (0,0.0385) 0.076

Variables reported as median (IQR); p-value derived from the Wilcoxon signkdest.

Inter-observer agreement

Sputum samples from 20 subjects were randomly selected forediifdrsputum cell count
interpretation by a second cytotechnician blinded to subject chasticgerand sputum
sample collection times. Bland-Altman analysis revealed good-obtzrver agreement
(Figure 2 and Table 3). For the neutrophil and macrophage analjigesatio of the

measurements was plotted, avoiding the need for log transformafi the data. The
eosinophil analysis plotted the difference of the measurementsinffheclass correlation
coefficient (ICC) revealed very good agreement for the sputumapdiis and macrophages
while there was moderate agreement for the sputum eosinophil counts (Table 3).

Figure 2 Bland-Altman plots of the inter-observer agreement for differentialsputum

cell counts.Sputum neutrophil, eosinophil, and macrophage cell counts are represented in
plots @), (b), and €), respectively. The dashed lines represent the inter-observer bias (+ 1.96
SD). For the neutrophil and macrophage analyses, the ratio of the measurementdaudas plot
avoiding the need for log transformation of the data. The eosinophil analysis plotted the
difference of the measuremenDefinition of abbreviations: A = first cytotechnologist cell

count; B = second cytotechnologist cell count.

Table 3Bland-Altman analysis of inter-observer bias in sputum cell counts

Neutrophils (x1P/g)  Eosinophils(x10/g) Macrophages (x16/g)

Inter-observer bias 0.94+0.74 -0.02 £0.17 1.3+25
(£ 1.96 STD)*
ICC (95% ClI) 0.998 (0.996 to 0.999) 0.593 (0.231 to 0.786)988 (0.978 to 0.994)

* Ratio of the measurements was plotted for neutrophils and macroptdfgesnce of the
measurements was plotted for eosinophbsfinition of abbreviations. CI = confidence
interval;ICC = Intra-class correlation coefficier&JD = standard deviation of the difference.



Sleep questionnaire

Subjects slept for a shorter duration [median 7 hours (IQR 6.1,7.5)] pritmet 7 am
collection than the 4 pm collection [median 7.4 hours (IQR 7,8)] (p = 0.00Rifjng an
average week, subjects slept for a shorter duration [7.5 hours (IQReGMared with the
weekend [median 8 hours (IQR 8,9)] (p < 0.0001). Prior to the 7 am sputileation,
subjects slept for a slightly shorter duration compared with tiseial weekday (p = 0.002),
while there was no difference in the amount of weekday sleep tpritte 4 pm sputum
collection (p = 0.66). Six subjects reported napping during an averaie[mean 0.42 hours
(SD 0.31 hours)] and 8 subjects during an average weekend [mean 0.91 hoW@sS83§SD
hours)]. Ten subjects reported that they perform shift work with 7 ashjeporting working
a nightshift prior to one of the sputum collections. However, in thispgadisubjects there
was no difference in the total evening sleep duration before gathns collection (p =
0.63). No subject napped during the day before the 4 pm collection.

Discussion

This is the largest study to assess the potential impactiwfadlivariation on induced sputum
cell counts in healthy subjects at different times of the W&y found no significant change
in total and differential sputum cell counts between the 7 am and 4 pm collection times.

Our results differ from the only other study assessing chamgsputum cell counts in
healthy controls [22]. Popov and colleagues performed sputum inducBaamatand 8 pm in
13 asthmatics admitted to hospital for asthma exacerbations amuspi@al volunteers [22].
In the “control group”, the authors reported a higher total cell couiteimiorning (median
0.75 x 18 cells/mL, IQR 0.31-2.25 x f(cells/mL) compared with the evening collection
(median 0.33 x T0cells/mL, IQR 0.1-0.97 x Focells/mL, p < 0.001). Sputum eosinophil
levels were lower in the evening, whereas macrophages weeased:. However, this study
had a number of potential limitations, making interpretation of tseltee difficult. The
sample size was small at 10 healthy controls with no judtditaof the sample size.
Inclusion/exclusion criteria for the control subjects were not pravidae collection of the
sputum at the different time points did not appear to be randomized atichitinge between
sputum induction was not described. It was not clear if the cymoddagist preparing and
counting the sputum samples was blinded to the study subjects ardi@oltenes. There
was no testing for inter-observer agreement. Furthermore, thaseno adjustment for
multiple comparisons. Our current study now extends our knowledge iardasby clearly
controlling for all of these potential limitations present in this earlietyst

Previous studies have shown diurnal variation in pulmonary function in heslthjgcts
[23,24]. Spengler et al. found that endogenous circadian rhythms, ratoerdiurnal
alterations in behavior or environment, are factors in these diahaalges [9]. There have
been many studies examining the effect of circadian variationasthma-related
inflammation, including induced sputum [15], bronchoalveolar lavage fluidninfiatory
cells and cytokines [13,25], systemic inflammatory markers [26,27], am$hkronchial
biopsies [28]. Our finding of an absence of any significant chamgputum cell counts in
healthy subjects at different time points during the day suggeststhe circadian/diurnal
variation in inflammation previously reported in asthmatic patients is ittioshe disease.



In an effort to reduce systematic bias, we randomized the tstee of the first induced
sputum collection. Although the respiratory therapist performingiridaced sputum test
could not be blinded, the cytotechnologist preparing the samples andnpedgdhe cell
counts was blinded to collection time. Use of the formalin preservegchnique allowed us
to keep the cytotechnician blinded. That is, without the formalin presmryahe sample
would have been processed within 2 hours of collection, alerting théeclynician to the
collection time. The good inter-observer agreement confirmed hkeaditferential sputum
cell count results were reliable. We scheduled the second inducednspoifection more
than 48 hours after the first collection as repeated induced sputundymesevithin 48 hours
have been shown to alter the cellular composition of sputum [29-31]. Toiménihe chance
of external factors altering the sputum composition between collectionsguested that the
second collection occur within 5 days of the first test. From ldep<data collected, we did
not find a significant difference in the amount of sleep prior ttheaf the collections.
Furthermore, no subjects napped during the day prior to the 4 pm cwileStibjects did
sleep approximately 30 minutes less than a usual weekday prigr Toam test but this was
not surprising, as they were required to be in the laboratory just prior to 7 am.

Given the need for a delayed sputum analysis, we gently mixepuaililm samples with 10%
buffered formalin immediately after collection. The use of falrmas a preservation method
for induced sputum processing has been validated previously [32]. Salcificelly et al.
compared two methods of sputum processing: (1) a (para)formalddilgaehreitol (DTT)
mixture dispersed with trypsin (preservation method), and (2) imneegi@icessing with
DTT (routine method). Good agreement between the techniques was foundyitoggod
within-method repeatability for the preservation method, thereby canfyrthat this method
is valid and reliable. Further, no increase in degenerate changesoanterference of cell
counts by debris were found [33]. This technique has subsequentlyuseessully used to
process sputum samples in a remote collection site [34]. Addityorthils method of
preservation has been shown to have no adverse effect on sample apélggutum cell
counts [21]. Viability of the preserved cells could not be determifleel . standard method of
measuring cell viability using the trypan blue exclusion technjg6¢was not possible as
the formalin resulted in cell death. Formalin preserved cells awd morphology and cell
counts, total and differential, may be performed in the same way as foi Then&thod [32].

Current reference values for absolute and percentage induced smlitwouats in healthy
adults were derived from two major studies [16,17]. In our studysphéum absolute and
percentage cell counts most closely resembled those of Beldakieagues [16]. We found
a slightly lower absolute and percentage neutrophil count. Eosinophsbceit, absolute and
percentage, were only slightly higher in our study, as was tiebildy in the range of these
values. Compared with the findings of Spanevello et al. [17], our resuised a slightly
higher percentage of sputum neutrophils and a lower percentage obpheges. The
differences may be a result of the formalin fixation method usexuir study. While DTT

may reduce cell viability [36,37], formalin rapidly inactivatedluar enzymes and may
stabilize the cell membrane when added to induced sputum sample# [83jossible that
use of the preservation technique may have improved cell viabildycallular recovery
compared with previous studies reporting normal cell count values.



There are several study limitations. First, the time pointsechosre limited by availability
of the laboratory to perform induced sputum collection during routine wotkmogs. We
cannot comment whether the cellular composition of sputum changdseatpoints during
the very early morning or late evening. However, on a padi@sis, it is likely that sputum
induction and collection is most commonly performed during daytime h8eond, given
that we required delay sample analysis, we had to presersarties. As a result, we were
not able to assess whether sputum fluid-phase mediators, such as sytokines, normally
vary during the day. Third, although subjects were excluded if theg hedory of atopy, we
did not perform allergy skin prick testing on all study subjects. Tihisspossible that some
patients may have had underlying atopy with no clinical history.

Conclusion

This is the largest study to assess the variation in induced spetuoounts in healthy adult
subjects at different times of the day. We found no significaamg in total and differential
sputum cell counts between the 7 am and 4 pm collection time poinssisTihi contrast to

studies in asthmatics that have demonstrated a circadian s@aiitsputum cell counts and
other markers of inflammation, suggesting that fluctuations inagirimflammatory cells

during the day are a disease-specific effect. Whether othdxersaof airway inflammation

exhibit circadian variation in healthy subjects remains to berdated. Our results provide
evidence that the timing of daytime induced sputum collection, b, itkees not affect

sputum cell count results.
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