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A B S T R A C T

Measurement of cytokines in peripheral blood and bronchoalveolar lavage fluid (BALF) is a useful method to
assess human immune responses in a large range of pulmonary diseases. One of the major pre-analytical
challenges of cytokine analysis is the quality and stability of cytokines in the timeframe between sample
collection and the separation of supernatant from cells.

To evaluate if the method of storage may affect cytokine quantification, whole blood and BALF were
collected, aliquoted, and left at room temperature (RT) to be processed at different time points. In addition, sera
and BALF were left either at RT or at 4 °C for 24 h after cell separation to test cytokine variations in the absence
of cells. Samples were analysed by a multiple array containing ten cytokines.

Most of the cytokines analysed (interleukin (IL)-4, IL-5, IL-6, IL-12p70, IL-13, IL-17A, IL-23, interferon
(IFN)-γ, and tumour necrosis factor (TNF)-α) did not show significant variations in whole blood and BALF. Levels
of IL-8 however, increased after storage of whole blood and BALF for 24 h at RT. Ex vivo IL-8 production seems to
correlate with higher numbers of macrophages in collected BALF.

These data demonstrate that many cytokines are stable for a brief time after sample collection. For IL-8,
freshly collected whole blood and BALF should be quickly processed and frozen to avoid false positive results.

1. Introduction

Cytokines are immunomodulatory proteins produced by immune
cells, endothelial cells, or stromal cells. They regulate cell interaction as
well as cell growth and maturation in health and disease [1,2]. Cyto-
kines are involved in the effector phase of all inflammatory diseases and
can exert their biological function already at low concentrations [3–6].
Imbalance in the cytokine regulatory system can lead to chronic in-
flammation as seen in auto-immune and auto-inflammatory diseases or
in cancer [7–10].

Cytokines can be specific for certain disease entities, and they also
can serve both as biomarkers for disease severity and as targets for
therapy [3,11–18]. Cytokines measured in whole blood often do not
reflect the degree and type of inflammation in a specific organ and thus
the extent of local inflammation can be underestimated or mis-
interpreted. The local sample collection of an affected organ represents
the best option to characterise inflammation [19–24]. Bronchoalveolar
lavage (BAL) is a common method used to collect BALF, which is then
used to locally measure cytokines in the lungs of patients with various

lung diseases [11,12,15,25,26]. However, proper pre-analytical condi-
tions are crucial, and thus it is important to figure out if there could be
potential pre-analytical issues that would reduce the reliability of
cytokine analysis.

The method of sample collection, the anticoagulant used, storage
conditions, transportation, and the time between collection and mea-
surement are relevant pre-analytical aspects that determine the validity
of the final results. The major issue raised is the variability of cytokine
concentrations over time, from sample collection to analysis [27–37]. It
is mandatory to preserve and handle samples using procedures that
minimise cytokine variations [29]. Therefore it is necessary to have
standardised protocols for all various types of samples used for cytokine
analysis including plasma, serum, urine, saliva, synovial fluid, cere-
brospinal fluid, bronchoalveolar fluid, eye fluid, intestinal fluid, ex-
haled breath condensates, middle ear effusion or lysed biopsies of a
diseased organ.

In this paper, we analysed the variability of cytokine concentrations
over time in whole blood and in BALF before and after cell separation
with the aim of establishing a protocol that reflects the best conditions
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for reliable cytokine measurement. To our knowledge, there are no
studies on cytokine stability in BALF after different storage conditions.

2. Materials and methods

2.1. Patient selection

We included a total of twelve patients with different lung diseases,
including pulmonary sarcoidosis, interstitial lung disease (ILD), or
adenocarcinoma, who underwent routinely performed flexible
bronchoscopy (FB) and BALF at the University Hospital Zurich.
Exclusion criteria included patient vulnerability, such as pregnancy and
emergency conditions, denied informed consent, and time delay be-
tween BALF collection and the first sample handing in the laboratory.
The local ethical review committee approved this study (numbers 2017-
02307 and 2018-01724).

2.2. Blood specimens

Blood samples were drawn by a nurse with considerable experience
in phlebology as part of the routinely performed pre-interventional
peripheral vein access right before BALF collection. Whole blood was
collected into 10-ml BD Vacutainer Clot Activator Tube (CAT, Plus
Blood Collection Tubes, Becton Dickinson, Plymouth, UK) to obtain
serum after spinning them down, while for whole blood count and
differentiation, blood was collected in 10-ml BD Vacutainer K2E
(EDTA) tubes (Plus Blood Collection Tubes, Becton Dickinson,
Plymouth, UK), which were never spun down.

After collection, whole blood was separated into 5 aliquots of 1ml
each and left unprocessed at RT until later processing. The first aliquot
was processed exactly one hour after collection (baseline), the fol-
lowing aliquots were processed after three hours, six hours, and 24 h.
Whole blood was centrifuged at 3′500 rpm for 10min at RT.
Supernatants were collected and stored at −80 °C for later analysis. To
check for stability of cytokines in the absence of cells, additional whole
blood samples were stored at RT for one hour and then centrifuged as
previously described. Supernatants were collected, left for 24 h at RT or
at 4 °C, and then stored at −80 °C for later analysis. Cytokine mea-
surement was always performed with a new aliquot. After thawing,
aliquots were not frozen again for further analysis. Blood leukocyte
differentiation in whole blood was measured and carried out auto-
matically with the ADVIA 2110i (Siemens). The ADVIA 2120i differ-
entiates white blood cells via peroxidase and nuclear density displays
(cytogramm) based on their morphology.

2.3. Bronchoscopy-/BAL-technique and processing of BALF

All patients underwent FB using Olympus bronchoscopes under
moderate sedation with propofol and alfentanil. BALF was performed
according to the guidelines published by Rennard and colleagues [38]
and standardised by following the procedure suggested by Baughman
by injecting four portions of 50ml (total of 200ml) of isotonic saline
solution into the wedged segmental bronchus, leading to the target
lesion with the most prominent radiological finding [39]. Thereafter,
BALF was recovered by gentle suctioning with the same 50ml syringe
and collected in a graduated plastic cylinder. Approximately 50ml of
BALF was used for routinely performed cytological and microbiological
analyses, the remaining fluid was used for the purposes of this study.
BALF was collected in regular plastic tubes without preservatives, an-
ticoagulants, or clot activators and was separated into 5 aliquots of 1ml
each and left unprocessed at RT until later processing. The first aliquot
was processed exactly one hour after collection (baseline), the fol-
lowing aliquots were processed after three hours, six hours, and 24 h.
BALF was centrifuged at 1′000 rpm for 10min at RT. Supernatants were
collected and stored at −80 °C for later analysis. To check for stability
of cytokines in the absence of cells, additional BALF samples were

stored at RT for one hour and then centrifuged as previously described.
Supernatants were collected, left for 24 h at RT or at 4 °C, and then
stored at −80 °C for later analysis. Cytokine measurement was always
performed with a new aliquot. After thawing, aliquots were not frozen
again for further analysis.

ADVIA 2120i (Siemens) was used for the automatic leukocyte
measurements in BALF. The ADVIA 2120i differentiates cells via
peroxidase and nuclear density displays based on their morphology. It
was able to recognize lymphocytes, macrophages, neutrophils, and
eosinophils in BALF.

2.4. Cytokine analysis

Cytokines were analysed by a cytokine multiple array on a Luminex
200 platform (Luminex Corporation, Austin, TX) with a high sensitive
Milliplex kit (HSTCMAG-28SK-10) customized by Merk Millipore,
containing the following ten human cytokines: IL-4, IL-5, IL-6, IL-8,
IL-12p70, IL-13, IL-17A, IL-23, IFN-γ, and TNF-α. This array includes
cytokines that promote T helper (Th) cell differentiation or cytokines
produced by differentiated Th cell subpopulations. IL-12p70 and IFN-γ
are related to Th1 cells, IL-4, IL-5, and IL-13 to Th2 cells, and IL-6,
IL-17A and IL-23 to Th17 cells [1]. Monocytes/macrophages and
activated T cells are the major producers of TNF-α [40], while IL-8, also
called CXCL8, is released by a wide variety of immune and non-immune
cells to predominantly mobilise neutrophils [41]. With the Milliplex kit,
each stock standard was serially diluted 1:4 to produce seven standards
(Suppl. Table 1). The xPONENT software generated a five-parameter
logistic curve-fit standard curve to measure unknown samples.

The high sensitive Milliplex kit was validated before measuring
cytokines in serum and BALF. The acceptance criteria, which included
the % coefficient of variation (CV) of the intra-assay, the %CV of the
inter-assay, the low limit of detection, the low limit of quantification,
the linearity, and the %CV of replicates of low concentrated BALF
samples, were fixed before validation. All acceptance criteria were
fulfilled, as shown in Suppl. Table 2 and Suppl. Fig. 1.

Since, so far, very few companies calibrate their cytokine kits
against an internationally recognized standard, we used the National
Institute for Biological Standards and Control (NIBSC; Potters Bar,
Hertfordshire, UK; WHO International Laboratory for Biological
Standards) standards to evaluate the accuracy of the Milliplex kit.
Although the NIBSC guidelines provided an approximate cytokine
amount contained in each ampoule, we used these values as starting
concentration when spiking NIBSC standards into serum of healthy
donors to perform serial dilutions and check for linearity and
reproducibility of the Milliplex kit (Suppl. Fig. 1). A conversion rate
relative to the NIBSC standard for each cytokine tested (except for IL-5
and IL-23) was calculated in the linear range of the assay and is shown
in Suppl. Table 2.

2.5. Statistical analysis

Measured cytokine concentrations were plotted over time. Means
were expressed as percentages of concentrations of the control samples,
which corresponded to the sample centrifuged one hour after collection
and immediately frozen at −80 °C. Concentrations in pg/ml were also
shown in supplementary figures. Generalized estimating equations
(GEE) were used to address the repeated measurements over varying
storage times. The correlation structure was specified to be “ex-
changeable”. To reduce variability, the one hour measurement was set
to 100 percent (baseline) and all subsequent measurements were
calculated as percentage change from baseline. The baseline measure-
ment was not included in the GEE analysis, because all values were
100%, without variability. The interpretation of the estimated
coefficients in GEE is marginal in the sense that population averages are
provided. All analyses were conducted with RStudio and plotted with
Prism (GraphPad Software Inc., Version 5.0). Data are reported as
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mean± standard error of mean (SEM). Differences were considered to
be statistically significant for p<0.05.

3. Results

3.1. Cytokine stability in whole blood samples stored at RT

The data generated in pg/ml were analysed in terms of percentage
change from the control samples which were whole blood samples
separated one hour after blood drawing and immediately frozen at
−80 °C. As shown in Table 1 and Fig. 1, there is a general cytokine
increase in whole blood after three and six hours of storage at RT.
Compared to the control samples, the concentrations of IL-12p70, IL-13,
IL-23, IFN-γ, and TNF-α were between 10% and 30% higher, while IL-4,
IL-5, IL-6, and IL-17A showed an even higher increase of 40% to 80%.
However, due to the large standard deviation of the measured samples,
all these variations were not statistically significant.

Interestingly, IL-8 was also increased after three and six hours of
storage at RT when compared to the control samples, although not
significantly. However, the marked increase of IL-8 after 24 h at RT was
statistically significant, with a 350-, 30-, and 15-fold increases
compared to controls (one hour at RT), to three hours at RT, and to six
hours at RT, respectively (Fig. 1 and Table 1).

3.2. Cytokine stability in BALF samples stored at RT

Similar to whole blood samples, BALF samples were analysed in
pg/ml and in terms of percentage change from the control samples.
Analysis from BALF was performed out of the 50–100ml collected
aspirate of the four injected portions of 50ml of isotonic saline solution
into the wedged segmental bronchi. We were able to measure levels of
IL-6, IL-8, IFN-γ, and TNF-α, while all other cytokines were under the
detection limit of our assay. Although IL-6 and IFN-γ were reduced after
six and 24 h of storage at RT, due to the high standard deviation, these
variations were not significant (Fig. 2 and Table 1). On the contrary,
IL-8 showed an almost two fold increase after 24 h storage when
compared to all the other storage conditions and to the control samples
(Fig. 2 and Table 1).

3.3. Cytokine stability in serum samples stored at RT and at 4 °C after cell
separation

For the evaluation of serum after blood cell separation, samples
were centrifuged one hour after storage at RT. The first aliquot was
immediately stored at −80 °C (control samples), the second and the
third aliquots were left at RT or stored 4 °C for 24 h, respectively, before
storing both at −80 °C. Concentrations of all ten cytokines did not
significantly change when compared to the control group. Cytokine
values were similar after 24 h storage at both RT and 4 °C (Fig. 3 and
Table 1).

3.4. Cytokine stability in BALF samples stored at RT and at 4 °C after cell
separation

For the evaluation of BALF after cell separation, samples were
processed as described in the materials and methods section. Although
IL-6 and IFN-γ concentrations were decreased after 24 h storage, and
TNF-α was increased after 24 h storage at 4 °C, none of the measured
differences were statistically significant. In addition, IL-8 concentra-
tions did not show any variation after 24 h storage (Fig. 4 and Table 1).

3.5. Correlation between IL-8 and the initial number of macrophages in
BALF

Significant variations have been observed for IL-8 in BALF upon
24 h storage at RT. Therefore, we aimed to investigate if the prevalence
of a particular leukocyte subpopulation would affect the ex vivo pro-
duction of IL-8. Macrophages were measured immediately after BALF
collection and then compared to the absolute concentrations of IL-8 at
the basic level, after storage at RT for one hour, and after storage at RT
for 24 h before cell separation. No significant correlation was measured
at the basic level, while BALF stored for 24 h showed significant cor-
relations between IL-8 and macrophages (Fig. 5).

4. Discussion

In this study we compared the concentration of ten different pro-
inflammatory cytokines in whole blood and BALF over time and upon
different storage conditions in patients with pulmonary diseases. In
whole blood serum, nine out of ten cytokines (IL-4, IL-5, IL-6, IL-12p70,
IL-13, IL-17A, IL-23, IFN-γ, and TNF-α) showed increased concentra-
tions upon storage at RT for 24 h before cell separation, although these
trends were not statistically significant. Interleukin-8 showed a sig-
nificant increase before cell separation when samples were stored at RT.

Variability of cytokines in blood samples collected and stored at
different conditions has already been demonstrated for individual cy-
tokines with controversial results. In one study conducted using whole
blood from healthy donors collected in ethylenediamine tetraacetic acid
(EDTA) tubes, cytokines increased over two hours at RT with or without
added protease inhibitors [29]. In a similar trial, with whole blood in
EDTA tubes, TNF-α increased and IL-6 decreased within six hours [28].
A further study demonstrated that cytokines remained stable in whole
blood collected in EDTA tubes from healthy donors, upon storage for
three days at RT, however, in patients with an activated immune
system, most cytokines increased over time [30]. This diversity is most
probably explained by different cellular components of blood samples,
which both release and clear cytokines [42]. Cytokine measurement is
more elevated if the immune system is activated. All of our patients
suffered from a lung disorder with immune-activation. This could ex-
plain that in all of our patients, cytokines in serum were slightly in-
creased over time (Fig. 1 and Suppl. Fig. 2). In several studies, no dif-
ference in cytokine variability was found if whole blood was collected
in EDTA-, sodium heparin- or sodium citrate- tubes [33,43]. However,
some data indicated that cytokine concentrations in serum generally
increased more than in plasma with anticoagulants, most probably due

Table 1
Cytokine stability in serum and BALF processed at different time points and
stored at 4 °C or at RT. Concentrations are represented in pg/ml.

Mean
values in
pg/ml

Cytokines processed at different time
points and stored at RT

Cytokines processed after 1 h
and stored at 4 °C or RT

Serum 1 h 3 h 6 h 24 h 1 h+24 h
4 °C

1 h+24 h
RT

IL-4 85.04 94.87 97.00 98.88 99.74 98.27
IL-5 1.08 1.09 1.28 1.36 1.21 1.22
IL-6 8.30 9.43 9.87 9.69 9.79 9.25
IL-8 16.01 20.40 34.20 416.28 15.80 16.18
IL-12 4.27 4.50 4.75 4.88 4.32 4.68
IL-13 9.59 9.82 10.65 9.91 9.60 10.47
IL-17A 9.39 13.50 13.73 13.34 12.01 12.83
IL-23 787.83 838.25 940.41 884.49 816.89 842.91
IFN-γ 12.80 15.60 15.47 15.53 13.86 15.67
TNF-α 14.64 15.63 18.20 17.49 16.00 15.04

BALF 1 h 3 h 6 h 24 h 1 h+24 h
4 °C

1 h+24 h
RT

IL-6 4.48 3.72 3.27 4.38 3.45 4.06
IL-8 63.78 57.79 82.24 124.02 79.25 86.72
IFN-γ 0.66 0.48 0.38 0.45 0.41 0.39
TNF-α 0.48 0.69 0.71 0.72 0.62 0.75
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to cytokine release from cells during clotting [27,34]. Compared to the
other cytokines, IL-8 had the largest increase after 24 h storage at RT
before cell separation. This has also been shown in previous studies
conducted with whole blood collected from patients with systemic in-
flammation or from healthy donors upon storage at RT for 24 and 48 h
[27,30,31,33]. Activation of monocytes and neutrophils, or dissociation
from the surface of erythrocytes and leukocytes, may account for the
increases in IL-8 in unprocessed blood samples [43]. In line with the
current literature, we can document that after cell separation within
one hour, cytokine concentrations remained stable, however, IL-8
constantly increased over time, although not reaching statistical sig-
nificance. Compared to storage conditions after cell separation, our

data demonstrate that cytokines are more stable at 4 °C compared to
storage at RT (Fig. 3).

In BALF samples stored at RT before and after cell separation, only
four out of ten cytokines in our array were detectable. By injecting four
portions of 50ml of isotonic saline solution into a lung segment, the
cytokines in collected lavage fluid were diluted, and this is probably
why many of them fell under the lowest detection limit of our assays.
For future measurements, cytokines should be analyzed out of each
injection of 50ml BALF. Measurable pro-inflammatory cytokines IL-6,
IFN-γ and TNF-α only showed minimal changes over time. However,
IL-8 in BALF significantly increased over 24 h (Fig. 2). Interestingly, this
ex vivo increase was correlated with a higher number of macrophages in

Fig. 1. Whole blood collected from patients (n=12) with lung diseases. Blood was collected in serum clot activator tubes (CAT) and left unprocessed for 1, 3, 6, and
24 h at RT. After centrifugation, samples were collected in several aliquots and then immediately stored at −80 °C. Data are reported as mean± standard error of
mean (SEM).

Fig. 2. BALF collected from patients (n= 12) with lung diseases. BALF was left unprocessed for 1, 3, 6, and 24 h at RT. After centrifugation, samples were collected in
several aliquots and then immediately stored at −80 °C. IL-8 was measurable in all BALF, IL-6 was measurable in four BALF, IFN-γ and TNF-α were measurable in
three BALF. Data are reported as mean± standard error of mean (SEM).
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BALF (Fig. 5). Compared to BALF, the increase of IL-8 did not correlate
with the number of any leukocyte subpopulation in whole blood serum.
Functional differences between alveolar macrophages and blood
monocytes have been described and may be related to their different
maturation stage [44]. In addition, it is known that alveolar
macrophages are one of the major sources of IL-8 in the lung [45,46].
The correlation between macrophages and IL-8 was observed only after
24 h at RT, but not right after BALF collection. Therefore, it is necessary
to quickly process BALF samples right after collection to remove
macrophages.

To our knowledge, this is the first study that investigated the con-
centration and variability of cytokines in whole blood serum and BALF
of patients with a pulmonary disorder over time. A downside of this
study is the small number of patients and that in BALF only four out of
10 cytokines were measurable. According the small numbers and the

low detectability of cytokines in this study, it was not possible to
compare cytokine values in serum and BALF in the same patients.
Nevertheless, as the aim of this study was to investigate pre-analytical
procedures of cytokine measurements in serum and BALF, these issues
should be addressed in further studies.

In conclusion, according to the current literature and the results of
our study, the most reliable data in cytokine measurements are
achieved by processing samples within one hour. When samples are
processed within one hour the choice of tubes in collecting whole blood
does not matter. After cell separation samples should be stored
immediately at −80°, if this is not possible, should be stored at 4 °C.
IL-8 in BALF is clearly associated with the amount of macrophages,
whereas in serum this correlation was not detected.

Fig. 3. Whole blood collected from patients (n= 12) with lung diseases. Blood was collected in serum clot activator tubes (CAT) and left unprocessed for 1 h at RT.
After centrifugation, control samples were immediately stored at −80 °C, while one group was left for 24 h at RT and another group was left for 24 h at 4 °C. Both
groups were then stored at −80 °C. Data are reported as mean± standard error of mean (SEM).

Fig. 4. BALF collected from patients (n=12) with lung diseases. BALF was left unprocessed for 1 h at RT. After centrifugation, control samples were immediately
stored at −80 °C, while one group was left for 24 h at RT and another group was left for 24 h at 4 °C. Both groups were then stored at −80 °C. IL-6, IFN-γ and TNF-α
were measurable in four BALF samples. IL-8 was measurable in all BALF. Data are reported as mean± standard error of mean (SEM).
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