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A b s t r a c t

Introduction: Chronic wounds, including diabetic foot ulcers, require prop-
er diagnostics. Proper wound care must be supported by proper diagnos-
tic procedures, one of which is the diagnosis of biomarkers that accelerate 
and inhibit wound healing, consistent for wound analysis. Many researchers 
have stated the importance of gelatinase, collagenase and matrix metallo-
protease (MMP) levels and their role in wound healing. A balance between 
vascular endothelial growth factor (VEGF), inflammatory cytokines, MMPs 
and tissue matrix metalloprotease inhibitors (TIMPs) is indispensable in the 
wound healing process. Previous test results showed Whatmann had the 
ability to carry out cytokines and proteases in diabetic foot ulcer (DFU). 
The purpose of this study was to compare the sampling technique with the 
cotton swab technique and use Whatman cellulose paper as a preliminary 
study. The biomarkers taken were VEGF, interleukin 6 (IL-6), MMP-9 and 
TIMP-1 as representatives of growth factors, markers of inflammation and 
protease enzymes. The aim of the study was to determine the standard for 
taking  commonly used media practicality for the extraction of growth factor 
(GF) and protein from the wound surface.
Material and methods: Six DFU subjects were included in this study, and di-
vided into two groups based on the method of topical extraction: the cotton 
group and the Whatman paper group. The swab method is to use a cotton 
swab on the center of the wound and rotate it about 3 times until the cotton 
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Introduction

As one of the major chronic complications of 
diabetes, diabetic foot ulcers (DFU) are the lead-
ing cause of amputation and death. The clinical 
diagnosis and prognosis of DFU are objective until 
now inadequate. More comprehensive predictions 
of DFU risk and severity are needed to reflect new 
biomarkers for the effects of therapeutic interven-
tions [1].

Because diabetes mellitus (DM) is associated 
with long-term microvascular and macrovascular 
complications, these complications need to be 
detected early. If DFU risk stratification can be 
obtained earlier in diabetic patients then morbid-
ity and mortality may be reduced. Measurement 
characteristics and objective evaluation and bio-
logical markers are very important in early clini-
cal diagnosis and prediction of DFU progression 
[2–4]. Recent advances in the identification of 
biomarkers that can be used as candidates for 
companion clinical examinations. Examination of 
inflammatory and angiogenesis biomarkers such 
as Vascular Endothelial Growth Factor (VEGF) that 
have been widely considered and used, also inter-
leukins (ILs). Other factors that influence wound 
healing include protease enzymes such as matrix 
metalloprotease 9 (MMP-9) and tissue matrix 
metalloprotease-1 (TIMP-1) [5, 6].

In this review, a good biomarker collection me-
dium is expected to assist in the accurate diagno-
sis of DFU. So far, various media have been used 
to obtain material for ELISA biomarker examina-
tions. The purpose of this study was to compare 
the sampling technique with the cotton swab 
technique and use of Whatman cellulose paper as 
a preliminary study.

Biomarkers of diabetic foot ulcers

Sampling of wounds for analysis of biomarkers 
has become more prevalent in recent years with the 
advent of advanced molecular techniques. Although 
this type of sampling and analysis is primarily per-
formed in research settings, health care companies 
foresee bringing such analytical techniques to the 
general health care practitioner as evidenced by the 
filing of numerous patents in this domain. Although 
the test methodologies themselves are important, 
the sample collected for use with these proposed 
tests is critical to obtain accurate and informative 
results. In most reported studies involving biomarker 
analysis, wound fluid is the sample analyzed [7–9]. 

Analysis of cytokines and matrix metalloproteinases 
in complex biological fluids requires a method that 
is sensitive, accurate and reliable by using classic 
solid-phase sandwich immunoassays, such as en-
zyme-linked immunosorbent assay  (ELISA). Wound 
fluid diagnostics in diabetic foot ulcer is an important 
tool for simultaneous detection and quantification of 
multiple parameters in complex biological mixtures, 
such as plasma or wound fluid [10–12].

Material and methods

We conducted an open randomized controlled 
trial from January to July 2019. The study was ap-
proved by the Ethics Committee of the Faculty of 
Medicine of Universitas Indonesia ID 0855/UN2.F1/
ETIK/2018. Informed consent was obtained from the 
patients, including for the use of photographs. The 
study was conducted at Koja District Hospital. Pa-
tients with DFU and an average wound duration of 
3 months, categorized as Wagner 2, ulcer < 40 cm2,  
were chosen as the subjects of the study.

Six DFU subjects were included in this study, 
and divided into two groups based on the meth-

swab is wet. The Whatman method involves sticking Whatman paper to the wound surface, applying light 
pressure and leaving it for 15 min. Cotton swabs and Whatman paper were placed in Eppendorf tubes with 
1.5 cm3 of NaCl and processed by making lysates in an integrated laboratory. Furthermore, cotton swabs 
and Whatman paper containing wound fluid in the Eppendorf tube were centrifuged immediately at 10,000 
rpm for 3 min at room temperature. The resulting cell-free supernatant was subjected to analysis by the 
ELISA method. VEGF, interleukin-6 and MMP-9 and TIMP-1 proteins were calculated by statistic analysis. De-
scriptive statistics were used to present the variable location and type of injury. Quantitative variables are 
summarized as mean with standard deviation (SD). The relationship between levels of biomarkers obtained 
from concurrently collected wound fluids (cotton swab and Whatman) was assessed using an independent  
t test analysis using SPSS 2015 software, version 20.0
Results: There was a significant difference in material collection from cotton swabs compared to the materi-
al collection method with Whatman paper for MMP-9 protein (p = 0.028) and TIMP-1 (p = 0.030). Meanwhile, 
for VEGF and IL-6, there were no insignificant differences between the two methods of taking the material 
on the diabetic foot ulcers surface.
Conclusions: Diagnostic wound fluid in diabetic foot ulcers using a non-pressure wound swab (Levine tech-
nique) can be considered for the collection of wound fluid from diabetic foot ulcers for ELISA examination 
as a guideline for further treatment.

Key words: diabetic foot ulcer, Levine cotton swab, Whatman cellulose paper, ELISA biomarker.
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od of topical extraction: the cotton group and the 
Whatman paper group. To avoid bias, sampling 
was performed at the same time and adjacent 
wound locations in 6 DFU subjects with an area 
of 10–40 cm2. Location used by cotton swab to 
obtain a wound fluid sample, another location but 
close together using Whatman paper. The result-
ing cell-free supernatant was subjected to analy-
sis by the ELISA method. VEGF, interleukin-6 and 
MMP-9 and TIMP-1 proteins were calculated by 
statistical analysis using the independent t test.

Wound fluid collection methods

Two different methods were used to collect 
wound fluid, namely with a cotton swab and with 
Whatman filter paper.

Use of cotton swab to collect wound fluid

The swab method is to use a  cotton swab 
on the center of the wound and rotate it about  
3 times until the cotton swab is wet. Each wound 
was swabbed using the Levine technique, involv-
ing rotation of a wound swab over a 1 cm2 area 
of the wound for 5 s, using sufficient pressure to 
extract fluid from the inner part of the wound. The 
Levine swab method has several advantages over 
other methods, for example it is easier, and does 
not require a long time (Figure 1).

Cotton swabs were placed in Eppendorf tubes 
with 1.5 cm3 of NaCl and it was processed in an 
integrated laboratory. Cotton swabs and wound 
fluid were centrifuged immediately at 10,000 rpm 
for 3 min at room temperature. The precipitate of 
lysate was examined by the ELISA method [13].

Use of Whatman cellulose paper to collect 
wound fluid

The level of biomarkers measured in serum cor-
relates well directly when compared with serum 

seen on whatman cellulose paper. Whatman 903 
Protein Saver cards may catch more than 90% of 
all enzymes, using an automatic chemical analyz-
er (Figure 2).

Cellulose paper could potentially be used as 
a matrix for transporting and measuring alcohol 
biomarkers from field-based community studies. 
Previous studies from our group and other au-
thors have also reported cellulose paper to be a re-
liable matrix for biochemical measurements.. After 
getting wet, the Whatman paper was placed in an 
Eppendorf tube with 1.5 cm3 of sodium chloride 
0.9% as a buffer, followed by rotation at 10,000 
rpm for 3 min at room temperature. After the su-
pernatant was obtained, an ELISA examination 
was carried out [14, 15].

Results 

The participants recruited for this study includ-
ed 6 diabetes mellitus (DM) patients with 12 DFU 
Wagner 2 criteria. All the subjects  met the inclusion 
criteria and were randomly allocated to two groups 
base on methods to collect the wound fluid by a cot-
ton swab (group 1) and Whatman paper (group 2).  
The average age was 63.5 years, with a duration of 

Figure 2. Whatman cellulose paper

Figure 1. Collected wound fluid use cotton swab 
Levine technique
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DM of more than 5 years and a body mass index 
around 28.3 kg/m2 (clinically obese). At the start of 
this study, the baseline data for all groups showed 
insignificant differences in blood glucose and HbA1c 
levels as well as cholesterol levels.

Table I  indicates that the location of most in-
juries was at the fingertips (43.3%). All wounds 
were according to Wagner 2’s criteria with subder-
mal wound bases (90%), fascia (6.6%) and dermis 
(3.3%). Most of the secretions produced by DFU 
were moderate (63%). Of the three treatment 
groups, the area of baseline DFU was 8.3 ±7.1 cm2 
and there was no significant difference in the ex-
tent of DFU.

Comparison of protein biomarker  
and enzyme entrapment in cotton swab 
and Whatman paper  

Table II shows the level of biomarkers VEGF and 
IL-6, from DFU wound fluid collected using a cotton 
swab compared with Whatman cellulose paper. There 
was not significant different protein wound fluid 
(VEGF, IL-6) and total protein entrapped in the cotton 
swab compared with Whatman cellulose paper.

However, Whatman cellulose paper had a sig-
nificantly greater ability to withstand the enzymes 
MMP-9 (p = 0.028) and TIMP-1 (p = 0.030) com-
pared with the cotton swab method (Table III).

Discussion

There are many ways to collect samples, in-
cluding collecting wound fluid and performing an 
MMP-9 examination. There is also a  skin biopsy 
on the DFU and checking for growth factors such 
as EGF, VEGF, TGF-β, FGF, EPQ2.

Howard et al. used a fine needle block biopsy and 
performed a paraffin block for TGF-β3 examination. 
Another way is to use an adhesive patch skin biop-
sy and check for RNA, DNA, microbiome samples. 
New buccal swab brushes are carried out in children 
in Alzheimer’s cases and DNA paternity checks are 
carried out. The method of examining buccal swab 
samples is cheaper, more practical, and easier.

Wound fluid is an interesting object of research 
because its composition can describe the state of 
the wound from the healing phase. The wound flu-
id consists of an inhomogeneous mixture consist-
ing of various protein biomarkers and proteinase 
enzymes [16–18]. In the physiological course, the 
wound fluid should show changes in time (mainly 
related to the proteome). Several wound fluid en-
zymes such as proteases and their inhibitors, as 
well as growth factors and cytokines [19]. 

Ideally, wound fluid should be collected non-in-
vasively. This is different from a  tissue biopsy or 
technique defined as the gold standard in the eval-
uation of wound healing. There are several ways 

Table I. Wound characteristics based on intervention

Wound  
characteristics

Cotton 
swab 

(n = 6)

Whatman 
paper
(n = 6)

Total
n (%)

Wound location:

Digiti 3 3 6 (50)

Forefoot 1 1 2 (16.6)

Plantar 1 1 2(16.6)

Ankle 1 1 2 (16.6)

Wound area [cm2] 7.0  
(1.9–31.9)

4.6  
(2.3–19.8)

0.848a

Base of the wound:

Dermis 0 0 0 (0)

Subdermis 5 5 10 (83.3)

Fascia 1 1 2 (16.6)

Muscle 0 0 0 (0)

Secretion production:

A little 1 2 3 (25)

Moderate 4 4 8 (66.7)

A lot 1 0 1 (8.3)

Wound duration:

Week–1 month 4 4 8 (66.6)

> 1 month 2 2 4 (33.3)
aMedian (min.–max.), Mann-Whitney test.

Table II. Biomarker level of VEGF and IL-6 contained in cotton swab compared with Whatman paper

Biomarkers Cotton swab (n = 6) Whatman paper (n = 6) P-value

VEGF 382.4 ±176.7 537.7 ±176.7 0.142

IL-6 658.9 ±219.7 518.1 ±259.4 0.544

Protein total 9.4 ±2.6 7.0 ±2.4 0.128

Mean ± SD, independent t-test.

Table III. Enzyme of MMP-9 and TIMP-1 contained in cotton swab compared with Whatman paper

Biomarkers Cotton swab (n = 6) Whatman paper (n = 6) P-value

MMP-9 8.6 ±0.6 9.6 ±0.7 0.028

TIMP-1 8.1 ±1.5 10.2 ±1.4 0.030

Mean ± SD, independent t-test.
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to collect the wound sample such as tissue biopsy, 
needle aspiration and quantitative swab [16, 19].

In this study, we found that there were no 
significant differences in growth factors and cy-
tokines caught in cotton swabs compared to 
Whatman paper. This is due to the fact that cot-
ton swabs have the ability to capture wound fluid 
quite adequately, even though the time of collec-
tion is quite short. This is because with the Levine 
technique with rotation of a  cotton swab at the 
center of the wound, a fairly even protein sample 
will be obtained on the cotton swab.

However, in the study, cellulose Whatman pa-
per showed the ability to bind to the proteinase 
enzyme (MMP-9) and its inhibitor (TIMP-1) direct-
ly compared to cotton [18].

Previous studies of biomarker samples were 
collected from Whatman filter paper. Some sub-
stances bind tighter to the filter paper and are 
eluted less efficiently than filter paper because of 
the cellulose content of Whatman filter paper [19].

Although the method using Whatman paper is 
more complete in capturing growth factors, cyto-
kines and proteinases, sampling using Whatman 
filter paper is less practical. Besides taking a long 
time (± 1 h), it also cannot be used on wound sur-
faces with holes [20, 21].

The gold standard for obtaining wound tissue 
or fluid is the biopsy technique because it has 
a fairly high accuracy. To overcome some side ef-
fects (such as pain, bleeding and infection) after 
an intervention biopsy procedure, researchers tried 
to use a cotton swab with the usual Levine tech-
nique to detect bacteria in DFU. There was no sig-
nificant difference in the mean number of isolates 
per specimen between swabbing and deep tissue 
biopsy of diabetic foot ulcers of different grades 
[22, 23]. Ulcer swabbing, which is easier to perform 
and relatively noninvasive, could be a satisfactory 
clinical sampling technique compared with other 
techniques such as deep tissue biopsy [24–26].

In conclusion, cotton swab  can be relied on to 
support the examination of biomarkers of growth 
factors, cytokines and protease enzymes in dia-
betic foot wounds classified as grade 2. The use 
of a cotton swab for the collection of wound fluid 
examined by the ELISA method has several advan-
tages over Whatman filter paper, including being 
more practical and requiring a  shorter time, as 
well as being more economical.
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