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Background: While laboratory investigations play a major role in guiding
therapeutics in COVID-19, the knowledge of the COVID-19 warriors
about the collection and processing of laboratory samples has been
challenging. It has been noticed that a delay in performing interleukin-6
(IL-6) assay leads to a wrong interpretation of the results.

Aim: To assess the knowledge of paramedical staff on the collection
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Materials and Methods: A questionnaire involving qualitative and
quantitative data was prepared to assess the knowledge of the
paramedical staff who were involved in the collection, transport and
processing of blood samples. The survey was conducted among 200
paramedical staff and the participants were interviewed through
online Google Forms. Cronbach’s alpha was used to test the internal
consistency of the questionnaire. Frequencies and percentages of
items were calculated to assess the knowledge of participants about
the collection, transport and processing of biochemical parameters.

Results: More than 30% of the paramedical staff involved in the
collection, transport and processing of biochemical samples lacked
awareness that a delay in transport and processing would cause false
results.

Conclusion: The study participants were given awareness regarding
the collection, transport and processing procedures while collecting
samples for IL-6 to avoid false interpretation of the results.

Keywords: questionnaire, IL-6 Assay, Paramedical Staff, COVID-19
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Introduction

In COVID-19 patients, altered biomarker levels are useful
to assess the progression of the disease and to categorise
them as severe and/ or fatal clinical conditions.! Among
the biochemical and immunological markers, interleukin-6
(IL-6) levels in COVID-19 positive patients have been
considered an element of risk for the severity of the disease,
inflammatory storm and rapid pulmonary invasion.? IL-
6, a pleotropic cytokine, which acts as an inflammatory
and pro-inflammatory mediator, has a crucial role in B
and T cell differentiation, acute phase responses, fever
induction, angiogenesis, and iron and lipid metabolism.3*
IL-6 produced at the infection site is released into the blood
circulation and delivered to the whole body, resulting in an
immediate hostimmune response.* Several studies suggest
IL-6 as a reliable predictor for disease progression and a
relevant tool for prognostic evaluation.®

Despite the pivotal role of laboratory investigations to assist
therapeutics, the awareness among the COVID-19 warriors
on sample collection and processing has been challenging.
Data have shown that a delay in performing the IL-6 assay
leads to wrong interpretation of the test results. Hence,
we aimed to assess the awareness among paramedical
staff on the collection and processing of blood samples in
COVID-19 patients with a special reference to IL-6 assay.

Materials and Methods

The present study was conducted from August
2021-November 2021 after obtaining prior approval from
Institutional Ethical Committee (VMKVMC&H/IEC/21/156
Dated 30/7/2021) A questionnaire involving qualitative
and quantitative data was prepared to evaluate the
knowledge of the paramedical staff at Vinayaka Mission’s
Kirupananda Variyar Medical College & Hospitals, Salem.
The paramedical staff who were involved in the collection,
transport and processing of blood samples were included in
the study.Clinicians were excluded from the study. (Table
1). A questionnaire-based survey was conducted on 200
COVID-19 warriors, and the participants were interviewed
through online Google Forms. Demographic information,
such as age, gender, educational qualification and job
experience, was obtained from each participant. Knowledge
on selection of appropriate blood collection tube, time
taken for transport, turnaround time, method of testing,
delay in sample processing and wrong interpretation of
IL-6 assay results were assessed among paramedical staff.

Statistical Analysis

Cronbach’s alpha was used to test the internal consistency
of the data. Frequency distribution and percentage for
each item were calculated for the knowledge about the
collection, transport and processing of blood samples for
the assay of IL-6.

Table 1.The Study Questionnaire Used to Assess the Knowledge of Paramedical Staff on IL-6 Assay

S.No. Questionnaire
1 Which colour-capped tube is most suitable for the collection of blood samples for biochemical parameters?
] a. Red | b. Lavender | c. Light blue | d. Grey
5 Which colour-capped tube is appropriate for the collection of blood samples for testing IL-6?
’ a. Red | b. Lavender | c. Light blue | d. Grey
3 What is the average time taken to transport samples from the ward to the clinical laboratory?
’ a. 2 hours | b. 4 hours | c. 6 hours | d. 12 hours
4 Is there any delay in the transport of samples from the ward to the clinical laboratory?
] a. Yes | b. No
What is the maximum acceptable time frame between sample collection and testing of blood samples for
5. biochemical assays in your laboratory?
a. 6 hours | b. 12 hours | c.18 hours | d. 1day
6 What is the maximum acceptable duration between sample collection and testing of IL-6 in your laboratory?
’ a. 2 hours | b. 4 hours | c. 6 hours | d. 12 hours
7 Within how many hours does IL-6 need to be measured in blood samples?
] a. 1 hour | b. 2 hours | c. 3 hours | d. 4 hours
g Are you aware that a delay in performing IL6 in blood samples leads to false positive results?
] a. Yes | b. No
9 What is the method used to measure IL-6?
' a. Immunoassay | b. PCR | c. Kinetic assay | d. Endpoint method
10 What is the normal level of IL-6 in serum?
' a. 1.8 pg/mL | b. 1.8 ng/mL | c. 1.8 mg/mL | d. 1.8 ug/mL
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Results

Assessment data on the knowledge of appropriate sample
collection containers showed that 83.5% (167/200) of
participants mentioned the red colour-capped tube as the
appropriate tube to be used for the collection of blood
samples for biochemical parameters, 11% (22/200) selected
the lavender-capped blood collection tube, and 5.5%
(11/200) selected light blue tube. About 77.5% (155/200)
of participants answered that samples for IL-6 assay need
to be collected in the red-colour capped tube, whereas
11% (22/200) mentioned the light blue tube, 6% (12/200)
mentioned the lavender tube, and 5.5% (11/200) answered
the grey tube.

Regarding data on knowledge of sample transport, 66.5%
(133/200) of the participants answered that the samples
were transported to the laboratory from the site of
collection within two hours, and 33.5% (67/200) mentioned
four hours. About 44.5% (89/200) of the participants
remarked on the delay in the transport of samples from
the ward to the clinical laboratory.

Responses for turnaround time of samples for biochemical
parameters have shown that 50% (100/200) of the
participants answered six hours, 22% (44/200) mentioned

one day, 11% (22/200) responded 12 hours, and 17%
(34/200) answered 18 hours. About 55.5% (111/200) of
the participants answered that the turnaround time for
IL-6 was two hours, 16.5% (33/200) mentioned six hours,
9% (18/200) answered 12 hours, and 19% (38/200) of
participants mentioned four hours.

About 61% (122/200) of participants responded that IL-6
should be measured in blood samples within two hours, 11%
(22/200) mentioned three hours, 17% (34/200) answered
four hours, and 11% (22/200) mentioned one hour. (Figure 1)

Data on awareness regarding the delay in analysing levels
of IL-6 in blood samples leading to false positive results
showed that 66.5% (133/200) of participants were aware
of it, and 33.5% (67/200) lacked awareness of the same.

About 44.5% (89/200) of the participants remarked that
the method used to measure IL-6 was immunoassay, 22%
(44/200) mentioned PCR, 11% (22/200) selected kinetic
assay, and 22.5% (45/200) mentioned end point method.

About 55.5% (111/200) of respondents answered
that the normal level of IL-6 in serum was 1.8 pg/mL, 28%
(56/200) responded 1.8 mg/mL, and 16.5% (33/200) of
participants mentioned 1.8 ng/mL.
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More than 80% of participants in the study were aware
of the appropriate sample collection container for the
IL-6 assay. However, more than 80% of participants were
not aware that blood samples for the IL-6 assay should be
processed within one hour after collection to avoid errors
in test results. More than 40% of paramedical staff lacked
awareness about the turnaround time for the IL-6 assay.

Discussion

The majority of the participants (83.5%) were aware that the
blood samples for the analysis of biochemical parameters/
biochemistry analytes should be collected in clot-activated
tubes.

In our study, 77.5% of the participants had responded that
the blood sample for the estimation of IL-6 was drawn in
clot-activated tubes. More than 80% of participants were
aware of the appropriate sample collection containers for
IL-6 assay. Though many kit protocols suggest that serum
may be used for assay of IL-6, studies suggest heparinised
plasma or ethylenediaminetetraacetic acid (EDTA) samples
may be used for testing IL-6. This is due to the phenomenon
of bio-incompatibility. In recognition of a foreign surface by
the cellular components of blood, activation of complement
and coagulation pathways by the plastic surface occurs,
which leads to the activation of platelets and other immune
cells.®” Hence, plastic tube coating with heparin/ EDTA can
effectively decrease cytokine release and complement
activation.5®

Among study participants, 33.5% lacked awareness
that a delay in performing IL-6 assay can result in false
positive test results. More than 80% of study participants
lacked awareness that blood samples for IL-6 assay need to be
processed immediately to avoid test result errors. About 61% had
responded that IL-6 assay has to be performed within two
hours. It has been shown that in healthy persons, serum IL-6
remains stable for the first four hours at room temperature
and enhanced IL-6 levels was observed in samples with
long-term storage condition and temperature °° Longer
post-collection processing delays significantly influenced
IL-6 levels in trauma patients when compared to healthy
control groups.!! Based on the study report by Srivatsan
et al., separated serum or heparinised plasma kept at 2-8
°C can maintain the IL-6 levels stable for up to 24 hours.
If refrigeration is unavailable, levels of IL-6 in separated
serum or plasma should be measured within 30 minutes.!?

A significant decline in the levels of IL-6 in response
to a delay in the processing of EDTA plasma has been
reported.’®! These studies suggest a degradation of IL-6 in
unprocessed clinical specimens, yet when the separation
of plasma is not delayed, the cytokines remain stable and
can be further used for analysis in epidemiological studies.
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Experts from CME India learning point on a discussion on
IL-6 levels in COVID-19 patients concluded that to eliminate
preanalytical errors, after blood sample collection in an
EDTA-coated tube, it should be centrifuged within 30
minutes, and the separated plasma should be stored for
analysis, if not tested immediately. If the plasmais separated
after 30 minutes, it may cause analytical error in the IL-6
test. If samples are collected in plain red-capped tubes,
and are allowed to clot, and the serum is not separated
immediately, the clotting process causes rapid release of
IL-6 and results in falsely high results. The extent of false
increase is in proportion to the amount of time it remains
in contact with the clotted cells, varying from 3—4 times
to 100 times or more. They also suggest that EDTA keeps
the level more stable for 24 hours.?®

Studies have shown that pre-analytical test variables such
as blood collection tubes, specimen storage temperature,
duration, plasma or serum separation, and pretreatment
steps can influence specimen quality and test results.¢’
Inconsistent laboratory test results can occur if pre-
analytical procedures are not standardised. This will limit
the application prospects of the assay for clinical judgement.
Hence, the participants were given awareness that the
sample should be transported immediately and the test
should be performed within four hours. If there is a delay
in performing the test, the sample may be immediately
centrifuged within 30 minutes and stored at 4 °C.

Conclusion

Preanalytical error has shown a great variation in the levels
of IL-6 in COVID-19. It is necessary to create awareness on
the collection, transport and processing of blood samples
among the paramedical staff and COVID-19 warriors for the
betterment of the patients. Hence, the study participants
were given awareness regarding the collection, transport
and processing procedures while collecting samples for IL-6
analysis to avoid preanalytical errors and thus to prevent
false interpretation of the results.

Conflict of Interest: None
Source of Funding: None

Declaration of Generative Al and Al-Assisted
Technologies in the Writing Process:None

References

1. Letelier P, Encina N, Morales P, Riffo A, Silva H,
Riquelme I, Guzman N. Role of biochemical markers
in the monitoring of COVID-19 patients. J Med Biochem.
2021;40(2):115-28. [PubMed] [Google Scholar]

2. Lee DW, Gardner R, Porter DL, Louis CU, Ahmed N,
Jensen M, Grupp SA, Mackall CL. Current concepts in
the diagnosis and management of cytokine release
syndrome. Blood. 2014;124(2):188-95. [PubMed]



https://pubmed.ncbi.nlm.nih.gov/33776561/
https://scholar.google.com/scholar?q=10.5937/jomb0-29341&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/24876563/

10.

11.

12.

13.

14.

Dhas P K et al.
Chettinad Health City Med. J. 2025; 14(3)

[Google Scholar]

Tanaka T, Narazaki M, Kishimoto T. IL-6 in inflammation,
immunity, and disease. Cold Spring Harb Perspect Biol.
2014;6(10):a016295. [PubMed] [Google Scholar]
Mauer J, Denson JL, Bruning JC. Versatile functions
for IL-6 in metabolism and cancer. Trends Immunol.
2015;36(2):92-101. [PubMed] [Google Scholar]
McGonagle D, O’Donnell JS, Sharif K, Emery P,
Bridgewood C. Immune mechanisms of pulmonary
intravascular coagulopathy in COVID-19 pneumonia.
Lancet Rheumatol. 2020;2(7):e437-45. [PubMed]
[Google Scholar]

Ekdahl KN, Lambris JD, Elwing H, Ricklin D, Nilsson PH,
Teramura Y, Nicholls IA, Nilsson B. Innate immunity
activation on biomaterial surfaces: a mechanistic
model and coping strategies. Adv Drug Deliv Rev.
2011;63(12):1042-50. [PubMed] [Google Scholar]
Nilsson B, Ekdahl KN, Mollnes TE, Lambris JD. The role
of complement in biomaterial-induced inflammation.
Mol Immunol. 2007;44(1-3):82-94. [PubMed] [Google
Scholar]

Lappegard KT, Riesenfeld J, Brekke OL, Bergseth G,
Lambris JD, Mollnes TE. Differential effect of heparin
coating and complement inhibition on artificial surface-
induced eicosanoid production. Ann Thorac Surg.
2005;79(3):917-23. [PubMed] [Google Scholar]
Gong Y, Liang S, Zeng L, Ni Y, Zhou S, Yuan X. Effects
of blood sample handling procedures on measurable
interleukin 6 in plasma and serum. J Clin Lab Anal.
2019;33(7):€22924. [PubMed] [Google Scholar]
Mechanic L, Mendez A, Merrill L, Rogers J, Layton M,
Todd D, Varanasi A, O’Brien B, Meyer Il WA, Zhang M,
Schleicher RL, Moye J. Planned variation in preanalytical
conditions to evaluate biospecimen stability in the
National Children’s Study (NCS). Clin Chem Lab Med.
2013;51(12):2287-94. [PubMed] [Google Scholar]
Jackman RP, Utter GH, Heitman JW, Hirschkorn DF,
Law JP, Gefter N, Busch MP, Norris PJ. Effects of blood
sample age at time of separation on measured cytokine
concentrations in human plasma. Clin Vaccine Immunol.
2011;18(2):318-26. [PubMed] [Google Scholar]
Srivatsan R, Raj M, Srivatsva P, Babu GN, Ramesh PG.
Pre-analaytical factors influencing IL 6 levels in COVID
positive patients. Prac Clin Invest. 2021;3(51):28-38.
Flower L, Ahuja RH, Humphries SE, Mohamed-Ali V.
Effects of sample handling on the stability of interleukin
6, tumour necrosis factor-a and leptin. Cytokine.
2000;12(11):1712-6. [PubMed] [Google Scholar]
Thavasu PW, Longhurst S, Joel SP, Slevin ML, Balkwill
FR. Measuring cytokine levels in blood. Importance of
anticoagulants, processing, and storage conditions. J
Immunol Methods. 1992;153(1-2):115-24. [PubMed]
[Google Scholar]

15.

16.

17.

CME India [Internet]. COVID-19: IL6 - the great sampling
error drama; 2020 Nov 5 [cited 2024 Dec 21]. Available
from: https://cmeindia.in/covid-19-il6-the-great-
sampling-error-drama/

Malentacchi F, Pazzagli M, Simi L, Orlando C, Wyrich
K, Verderio P, Pizzamiglio S, Ciniselli CM, Zhang H,
Korenkova V, Rainen L, Bar T, Kubista M, Gelmini S.
SPIDIA-RNA: second external quality assessment for
the pre-analytical phase of blood samples used for
RNA based analyses. PLoS One. 2014;9(11):e112293.
[PubMed] [Google Scholar]

Malentacchi F, Pizzamiglio S, Verderio P, Pazzagli
M, Orlando C, Ciniselli CM, Gunther K, Gelmini
S. Influence of storage conditions and extraction
methods on the quantity and quality of circulating
cell-free DNA (ccfDNA): the SPIDIA-DNAplas External
Quality Assessment experience. Clin Chem Lab Med.
2015;53(12):1935-42. [PubMed] [Google Scholar]

ISSN: 2278-2044
DOI: https://doi.org/10.24321/2278.2044.202540


https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=2.%09Lee+DW%2C+Gardner+R%2C+Porte+DL+et+al.+Current+concepts+in+the+diagnosis+and+management+of+cytokine+release+syndrome&btnG=
https://pubmed.ncbi.nlm.nih.gov/25190079/
https://scholar.google.com/scholar?q=10.1101/cshperspect.a016295+&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/25616716/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1016%2Fj.it.2014.12.008+&btnG=
https://pubmed.ncbi.nlm.nih.gov/32835247/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=5.%09Dennis+McGonagle%2C+JamesSO%E2%80%99Donnell%2C+Kassem+Sharif%2C+PaulEmery%2C+CharlesBridgewood.+Immune+mechanisms+of+pulmonary+intravascular+coagulopathy+in+COVID-19+pneumonia&btnG=
https://pubmed.ncbi.nlm.nih.gov/21771620/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=6.%09Ekdahl+KN%2C+Lambris+JD%2C+Elwing+H%2C+et+al.+Innate+immunity+activation+on+biomaterial+surfaces%3A+a+mechanistic+model+and+coping+strategies&btnG=
https://pubmed.ncbi.nlm.nih.gov/16905192/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nilsson+B%2C+Ekdahl+KN%2C+Mollnes+TE%2C+et+al.The+role+of+complement+in+biomaterial-induced+inflammation&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Nilsson+B%2C+Ekdahl+KN%2C+Mollnes+TE%2C+et+al.The+role+of+complement+in+biomaterial-induced+inflammation&btnG=
https://pubmed.ncbi.nlm.nih.gov/15734405/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=8.%09Lappeg%C3%A5rd+KT%2C+Riesenfeld+J%2C+Brekke+OL%2C+et+al.Differential+effect+of+heparin+coatingand+complement+inhibition+on+artificial+surface-induced+eicosanoid+production&btnG=
https://pubmed.ncbi.nlm.nih.gov/31131487/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1002%2Fjcla.22924&btnG=
https://pubmed.ncbi.nlm.nih.gov/23924524/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=10.1515%2Fcclm-2013-0454&btnG=
https://pubmed.ncbi.nlm.nih.gov/21159926/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=11.%09Jackman+RP%2C+Utter+GH%2C+Heitman+JW%2C+Hirschkorn+DF%2C+Law+JP%2C+Gefter+N%2C+et+al.+Effects+of+blood+sample+age+at+time+of+separation+on+measured+cytokine+concentrations+in+human+plasma&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=13.%09Flower+L%2C+Ahuja+RH%2C+Humphries+SE%2C+Mohamed-Ali+V.+Effects+of+sample+handling+on+the+stability+of+interleukin+6%2C+tumour+necrosis+factor-%CE%B1+and+leptin&btnG=
https://pubmed.ncbi.nlm.nih.gov/1381403/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=14.%09Thavasu+PW%2C+Longhurst+S%2C+Joel+SP%2C+Slevin+ML%2C+Balkwill+FR.+Measuring+cytokine+levels+in+blood%3A+Importance+of+anticoagulants%2C+processing%2C+and+storage+conditions&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=16.%09Malentacchi+F%2C+Pazzagli+M%2C+Simi+L%2C+et+al.+SPIDIA%E2%80%90RNA%3A+second+external+quality+assessment+for+the+pre%E2%80%90analytical+phase+of+blood+samples+used+for+RNA+based+analyses&btnG=
https://pubmed.ncbi.nlm.nih.gov/25883202/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Malentacchi+F%2C+Pizzamiglio+S%2C+Verderio+P%2C+et+al.+Influence+of+storage+conditions+and+extraction+methods+on+the+quantity+and+quality+of+circulating+cell%E2%80%90free+DNA+%28ccfDNA%29%3A+the+SPIDIA%E2%80%90DNA+plas+External+Quality+Assessment+experience&btnG=

