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ABSTRACT

Background During the COVID-19 pandemic, we
developed a digital research platform to longitudinally
investigate COVID-19-related outcomes in patients with
rheumatic diseases and healthy controls. We used home
finger-prick testing in order to collect serum samples
remotely and increase the overall efficiency of the
platform. The aim of the present study was to evaluate the
success rate of the finger prick and patients’ perspective
towards the finger prick.

Methods Serum samples were collected up to five

times during follow-up, either via a venepuncture at the
research institute or a finger prick from participants’ home.
Participants were asked to complete a digital evaluation
questionnaire of the finger prick after their attempts.
Results A total of 2135 patients and 899 controls
performed at least one finger prick and were included in
this study. The first finger prick was successfully done

by 92% (95% Cl: 90% to 93%) of patients, 94% (95% ClI:
92% to 95%) of controls, 93% (95% Cl: 92% to 94%) of
all participants aged <70 years and 89% (95% Cl: 86%

t0 92%) of all participants aged >70 years. Sex did not
impact these success rates. Repeated failure occurred in
11/439 (0.8%) patients and 4/712 (0.6%) controls. Both
patients and controls were less willing to perform a finger
prick for individual healthcare compared with scientific
research.

Conclusion The vast majority of participants, among
which elderly and patients with rheumatic diseases, were
able to successfully draw the required amount of blood for
serological analyses. This shows that finger-prick testing is
suitable for a high-throughput implementation to monitor
patients remotely.

INTRODUCTION

During the COVID-19 pandemic, healthcare
and scientific research requiring patients
to visit a healthcare centre was seriously
hampered due to the national COVID-19
regulations. In order to answer important

WHAT IS ALREADY KNOWN ABOUT THIS
SUBJECT

= A small number of studies have used a finger prick
as the primary method for blood withdrawal and
showed that it is an efficient way to collect blood
samples remotely, but the use of finger pricks in both
research and healthcare settings is still uncommon.

= Data on blood levels from a finger prick are directly
comparable to that obtained by a venepuncture.

WHAT DOES THIS STUDY ADD

= We showed that the vast majority of participants,
among which elderly and patients with rheumatic
diseases of whom hand function may be impaired
by their underlying disease, was able to successfully
draw the required amount of blood for serological
analyses using a home finger prick.

= A considerable number of patients with rheumatic
diseases indicated restraint towards using the fin-
ger prick, especially for healthcare purposes, which
could mainly be attributed to lack of confidence in
the serological analyses performed in capillary blood
compared with the golden standard of venous blood.

HOW MIGHT THIS IMPACT ON CLINICAL
PRACTICE OR FUTURE DEVELOPMENTS

= Finger-prick testing is suitable for a high-throughput
implementation to monitor patients remotely, and
can therefore contribute to improving the efficiency
and cost-effectiveness of both healthcare and sci-
entific research.

= Education of patients by healthcare professionals
about the reliability of serological analyses per-
formed in capillary blood is important to improve
patients’ willingness to use a finger prick for health-
care and research purposes.

questions regarding the SARS-CoV-2 virus,
we developed a large digital research plat-
form for patients with rheumatic diseases
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and healthy controls." The digital platform was comple-
mented with serum collection via a home finger prick
in order to collect samples without the need of visits to
the research institute. The combination of the digital
platform and the finger prick provided a high degree of
adaptability and high-throughput, allowing fast and effi-
cient data collection and blood processing. This enabled
us to rapidly answer new and relevant clinical research
questions about COVID-19 severity, seroprevalence and
immunogenicity after SARS-CoV-2 vaccination in patients
with rheumatic diseases.”™*

Previous studies have shown that using finger prick as
the primary method for blood withdrawal is an efficient
way to collect blood samples remotely,” ® and data on
blood levels from a finger prick are directly comparable
to that obtained by a venepuncture.”® However, there is
limited data on peoples’ willingness and ability to success-
fully use the finger prick at home, especially in patients
with rtheumatic diseases for whom a finger prick might
be more difficult to manage without assistance. In addi-
tion, the use of finger pricks in a healthcare setting is still
uncommon and not yet tested on a large scale. There-
fore, we investigated the feasibility of finger-prick testing
in combination with a digital research platform in our
prospective cohort study by evaluating the success rate
and patients’ perspective towards the use of the finger
prick. The results of this study may contribute to a wide-
spread implementation of finger-prick tests in rheuma-
tology for scientific research and healthcare purposes.

METHODS

Here, we describe the role of the finger prick in a large
ongoing prospective cohort study (Netherlands Trial
Register, Trial ID NL8513), and evaluated success rates
and participants’ perspective on the use of a finger-
prick test. The protocol of the study has been described
previously."™ Briefly, all adult patients with a rheumatic
immune-mediated inflammatory disease (IMID) from
the Amsterdam Rheumatology and immunology Centre,
Amsterdam, the Netherlands, were invited to partici-
pate in the study between April 2020 and March 2021.
All patients were asked (but not obliged) to register an
adult control participant of the same sex and similar age
(<b years difference) who was not diagnosed with an
IMID and did not receive immunosuppressive treatment.
Demographic and clinical data were collected via online
questionnaires distributed via email. Serum samples were
collected up to five times during follow-up via blood with-
drawal by venepuncture at the local research institute
or via a finger prick (Sanquin, Amsterdam, The Neth-
erlands) that could be performed at home by partici-
pants themselves. For this option, participants received a
package at home that included a contact-activated lancet
(BD Microtainer), a collection device for serum (Greiner
Minicollect 450533), a set of instructions and a return
envelope to send the blood sample to the central labora-
tory. Participants were instructed to collect three drops of

blood falling down by gravity, which would yield approx-
imately 40-80 pL of serum after clotting. Cross-sectional
sampling of a large part of the cohort was performed
three times during follow-up: in January 2021 to screen
for SARS-CoV-2 antibodies prior to vaccination (first), in
May 2021 to assess antibody development after vaccina-
tion (second) and in October 2021 to identify asympto-
matic COVID-19 cases via analyses of nucleocapsid anti-
bodies (third).

All participants who received a finger-prick test before
26 June 2021 were asked to complete a digital evalua-
tion questionnaire of the finger prick after their attempt
(online supplemental appendix, pp6-7). In addition, in
August 2021, preferences for a certain method of blood
withdrawal in different settings (healthcare and scien-
tific research) were explored in all study participants,
including those who did not receive a finger-prick test
during the conduct of the study. All questions were
multiple choice, and answer options were based on infor-
mation provided by participants who had contacted the
researchers during the conduct of the study, but prior to
the development of the evaluation questionnaires.

The data on the success rate of the first, second and
third execution of the finger prick were stratified for
having a rheumatic disease, sex and age above 70, and
the 95% CI was calculated. All participants who made an
attempt to execute the finger prick were included in these
analyses. The finger prick was defined as failed when less
than 10 pL of serum could be recovered from the collec-
tion device, or if no sample was returned to the labora-
tory and participants indicated in the questionnaires that
they did not succeed in collecting the required amount
of serum.

RESULTS

Between April 2020 and March 2021, 3080 consecutive
patients with a rheumatic IMID and 1102 healthy controls
were included in the study. Most serum samples collected
during the conduct of the study were collected via finger
pricks; 3300 (68%) of 4833 samples collected between
January and March 2021, 1108 (71%) of 1554 samples
collected between May and June 2021 and 1606 (81%) of
1980 samples collected between October and December
2021. A total of 3034 participants (2135 (69%) patients
and 899 (82%) controls) attempted to execute at least
one finger prick during the conduct of the study and
were included for analyses. Of these, 1439 (67%) patients
and 712 (21%) controls executed multiple finger pricks.
The evaluation questionnaire of the finger prick was
completed by 2251 participants (1500 patients and 751
controls), and 2131 participants (1575 patients and 556
controls) completed the survey in which their preference
for sampling methods was evaluated.

Participant characteristics are shown in table 1. The
mean age of patients and controls was 58 years (SD 13)
and 56 years (SD 13), respectively, and the majority were
female (66% of patients and 68% of controls). The most
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Table 1 Characteristics of patients with rheumatic IMIDs
compared with healthy controls
Healthy
Patients controls
(n=2135) (n=899)
Patient characteristics
Mean age (years) 58+13 56+13
Female sex, no. (%) 1402 (66) 612 (68)
Caucasian race, no. (%)* 1814 (89) 795 92)
Education level, no. (%)*
High 961 (48) 488 (59)
Medium 622 (31) 225 (27)
Low 430 21) 121 (15)
Comorbidity, no. (%)
Chronic pulmonary 257 (12) 49 (6)
disease
Cardiovascular 289 (14) 65 (7)
disease
Diabetes 127 6) 28 3)
Obesity 354 (17) 86 (10)
Anticoagulant 295 (14) 80 9)
medication, no. (%)
Currently smoking, no. 233 (11) 57 6)
(%)
Autoimmune disease
type, no. (%)
Rheumatoid arthritis 1108 (53) NA
Psoriatic arthritis 308 (15) NA
Ankylosing spondylitis 333 (16) NA
Axial or peripheral 54 ()} NA
spondyloarthritis
Juvenile idiopathic 32 ) NA
arthritis
Systemic lupus 108 5) NA
erythematosus
Vasculitis 68 3 NA
Polymyalgia rheumatica 85 4) NA
Sjogren’s disease 129 (6) NA
Raynaud’s disease 52 3) NA
Gout 87 4) NA
MCTD 16 (0.8) NA
Sarcoidosis 6 (0.3) NA
Scleroderma 49 2 NA
Other rheumatic 88 4) NA
diseases
Immunosuppressive medication, no. (%)
No immunosuppressive 483 (23) NA
medication
csDMARDs 1072 (52) NA
Methotrexate 788 (38) NA
Biologicals 785 (38) NA
Continued

Table 1 Continued
Healthy
Patients controls
(n=2135) (n=899)
TNF inhibitor 317 (15) NA
Anti-CD20 therapy 49 2 NA
Oral glucocorticoids 83 4) NA

Data are mean+SDor n (%). Educational levels were based

on the International Standard Classification of Education
(ISCED). Other rheumatic diseases included myositis,
dermatomyositis, polymyositis, reactive arthritis, relapsing
polychondritis, remitting seronegative symmetrical synovitis with
pitting oedema, IgG4-mediated diseases, SAPHO syndrome,
eosinophilic fasciitis and diffuse idiopathic skeletal hyperostosis.
Other bDMARDs were ustekinumab, secukinumab, anakinra,
ixekizumab and sarilumab. Other csDMARDs were leflunomide,
azathioprine, ciclosporine and gold injections. One person can
be diagnosed with more than one autoimmune disease and
receive more than one immunosuppressive drug

*There were missing values, percentage are displayed as valid
percentages.

bDMARDs, biological disease-modifying antirheumatic drugs;
csDMARDs, conventional synthetic disease-modifying drugs;
IMID, immune-mediated inflammatory disease; NA, not
applicable; TNF, tumour necrosis factor.

common rheumatic diseases were rheumatoid arthritis
(563%), psoriatic arthritis (15%) and ankylosing spondy-
litis (16%). The majority of all patients received immuno-
suppressive treatment (77%).

The first finger prick was successfully executed by
1959 of 2135 (92%, 95% CI: 90% to 93%) patients with
a rheumatic disease and by 842 of 899 (94%, 95% CIL:
92% to 95%) healthy controls (figure 1). Success rates
for the first finger prick were similar across age groups
and remained high among participants aged 70 years
and older (89%, 95% CI: 86% to 92%, figure 1, online
supplemental appendix, pb). Sex did not impact success
rates (figure 1). Repeated failure (twice) occurred in 11
of 1439 (0.8%) patients and 4 of 712 (0.6%) controls
(online supplemental appendix, p2). A first failed
attempt therefore might not imply repeated failure. The
success rate increased for the second and third execution,
with an overall success rate of 96% for the second execu-
tion and 98% for the third execution (online supple-
mental appendix, p2). Characteristics of the participants
who executed the finger prick at least one, two or three
time (s) are comparable (online supplemental appendix,
p3).

In total, 89 (52%) of 170 participants who failed to
perform a correct finger prick indicated that they did
collect the required minimum three drops of blood as
described in the instruction form (online supplemental
appendix, p4). The two most common reasons for
perceived failure of the finger prick were related to insuf-
ficient bleeding after applying the finger prick. Forty-
seven of 124 (38%) participants who failed the finger
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prick and 465 of 1845 (25%) who succeeded sought
assistance for the execution. Overall, participant experi-
ence with the finger prick was largely positive. As might
be expected, participants who were successful in their
attempt to collect enough serum were more frequently
positive towards the finger prick compared with partici-
pants who were unsuccessful (57% vs 27%, respectively).

Finally, participants were questioned about their pref-
erence for a particular sampling method for individual
healthcare and for scientific research (table 2). A total

Success rates for the first, second and third execution of the finger prick stratified for participant status, age and

of 492 of 1575 (31%) patients and 339 of 556 (61%)
controls were willing to perform a finger prick for scien-
tific research, and 300 of 1575 (19%) patients and 214 of
556 (39%) controls preferred a finger prick for health-
care. Thus, both patients and controls seemed less willing
to perform a finger prick for individual healthcare
compared with scientific research. Participants displayed
more confidence in the execution and laboratory
measurements when blood was drawn via a venepunc-
ture compared with a finger prick (online supplemental

Table 2 Preference of serum sampling methods in different settings

Patients Controls

(n=1575) (n=556)
Preference for scientific research purposes N Proportion (95% Cl) N Proportion (95% Cl)

(%) (%)

Finger prick at home 492 31 (29to 34) 339 61 (57 to 65)
Venepuncture at healthcare institute 559 36 (83t038) 56 10 (8to 13)
No preference 523 33 (81to 36) 161 29 (25 to 33)
Preference for healthcare purposes
Finger prick at home 300 19 (17to21) 214 39 (34 to 43)
Venepuncture at healthcare institute 681 43 (41to46) 103 19 (15 to0 22)
No preference 594 38 (35t040) 239 43 (39 to 47)

Data are n and proportion with corresponding 95% CI.
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appendix, p5). The most important reason for partici-
pants to choose for a finger prick was absence of travel-
ling time and not being dependent on opening hours or
appointments of a healthcare centre.

DISCUSSION

During the COVID-19 pandemic, we longitudinally
collected clinical and serological data of more than
3000 patients with rheumatic diseases and 1000 healthy
controls by using digital questionnaires and finger pricks
to facilitate remote data collection. At three separate
timepoints during follow-up, we needed to collect serum
samples of the entire cohort within a short timeframe.
This study demonstrates that over two-third of these
serum samples were collected via home finger pricks,
thereby indicating that large-scale implementation of
a finger prick is feasible, at least in a research setting.
We also demonstrated that the vast majority of partic-
ipants, among which elderly and patients with a rheu-
matic disease of whose hand function may be impaired,
were able to successfully draw the required amount of
blood for serological analyses. In case of a failed attempt,
a second attempt was almost always successful. This
shows that the finger-prick testing is suitable for a high-
throughput implementation to monitor patients with
rheumatic diseases remotely, which will likely contribute
to improving the efficiency and cost-effectiveness of both
healthcare and scientific research.

Finger-prick testing can potentially be used for many
applications that are widely used within rheumatology,
for example measuring therapeutic biologicals,” '’ or
blood inflammatory markers such as C reactive protein,”’
especially since current assays are very sensitive and do
not require large volumes of blood. However, a consid-
erable number of patients with rheumatic diseases indi-
cated restraint towards using the finger prick, especially
for healthcare purposes. This reluctance was for an
important part caused by lack of confidence in the sero-
logical analyses performed in capillary blood compared
with the golden standard of venous blood. This might
be improved by proper education by their healthcare
professional and additional validation studies for certain
laboratory tests.

A limitation of the use of the finger prick is the relative
low blood volume obtained, allowing only limited anal-
yses to be performed. However, it is possible to obtain
between on average more than 100 pL of serum/plasma
from a single finger prick, which is sufficient to perform
multiple routine ISO15189 validated diagnostic tests in
rheumatic diseases, such as antinuclear antibodies, antic-
itrullinated protein antibody and rheumatoid factor
testing (unpublished data). Of note, even though high
volumes of blood are normally obtained from a venipunc-
ture only a small amount of blood is actually required
due to the high sensitivity and specificity of the diagnostic
tests. Another limitation is that we currently cannot verify
whether the intended patient collected the sample or if

someone else did. To solve this, digital tools could be used
to add a form of verification using an application on the
mobile phone. Third, the finger prick could potentially
be lost by the postal service, but this could be tackled by
using digital track-and-trace. Fourth, we have no data
on the presence of joint deformities, and can therefore
not assess how this affects the performance of the finger
prick. However, joint deformities are becoming much
rarer due to improved treatment options for rheumatic
diseases, so we expect this will not impair widespread
implementation of the finger prick in rheumatology.
Lastly, external validation studies are needed to confirm
whether widespread implementation of the finger prick
for healthcare and research is possible.

In conclusion, we demonstrated that the combination
of a digital research platform and the use of the finger
prick facilitates fast and efficient data and blood sample
collection. Our data might help to further improve the
process of serum collection via finger pricks and increase
patients’ willingness to use a finger-prick test. This study
will hopefully also raise awareness of the ease and poten-
tial of the use of home finger-prick testing for healthcare
and scientific research purposes both within and outside
the borders of rheumatology.
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