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Cellulitis is a prevalent inflammatory dermatosis
caused by bacterial infection that lacks a definitive
quantitative biomarker for assessing disease activity
and monitoring therapeutic response, leading to
diagnostic ambiguity and management challenges.
Cell-free DNA (cfDNA), consisting of short nucleic
acid fragments released into circulation from necrotic
and apoptotic cells, represents a potential objective
measure of systemic inflammation. We hypothesized
that cfDNA levels would be elevated in patients with
cellulitis and correlate with established inflammatory
parameters and clinical outcomes. We conducted a
cross-sectional prospective study of 36 patients with
confirmed cellulitis and 30 healthy controls. Plasma
cfDNA levels were quantified at baseline (admission),
72 hours after antibiotic initiation, at discharge
and at 3-week follow-up. We assessed correlations
between cfDNA and traditional inflammatory markers,
including C-reactive protein and white blood cell
counts, as well as patient-reported pain scores.
Patients with cellulitis exhibited significantly elevated
plasma cfDNA levels at admission compared with
healthy controls. Following antibiotic therapy, cfDNA
levels declined rapidly and were positively correlated
with reductions in white blood cell/neutrophil counts.
Higher cfDNA levels were also associated with
increased subjective pain scores. These findings
suggest that cfDNA may serve as a promising
biomarker for the diagnosis of cellulitis and for
objectively monitoring treatment efficacy, with
potential utility as an objective proxy for pain
severity.
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Cellulitis, a common skin condition in clinical
practice, is characterized by bacterial invasion

into the dermis, causing localized inflammation that

manifests as pain, erythema, swelling and warmth.
Its high prevalence, coupled with frequent
misdiagnosis due to the lack of a definitive diagnostic
gold standard, imposes a significant burden on
the healthcare system, often leading to unnecessary
hospitalizations and elevated healthcare costs (1, 2).
To improve diagnostic accuracy, recent research has
focused on identifying biomarkers that can help
differentiate cellulitis from other conditions (3–6).

Cell-free DNA (cfDNA) is a promising biomarker
that has yet to be explored in the context of cellulitis.
cfDNA consists of DNA fragments released from cells
undergoing apoptosis, lysis or necrosis in affected
tissue. In inflamed tissue, a significant source of cfDNA
is the active release from neutrophils in the form of
neutrophil extracellular traps (NETs), a matrix primarily
composed of DNA (7). Previously studied in association
with conditions marked by systemic inflammation or
immune dysregulation such as bacteremia, sepsis and
myelofibrosis, cfDNA has also shown elevated levels in
various dermatologic disorders, including hidradenitis
suppurativa, melanoma and dermatomyositis (8–14).
Given that cellulitis is associated with inflammation and
tissue damage, cfDNA may prove helpful in its study,
as its levels have been observed to rise and fall in
response to inflammation and treatment in conditions
like metastatic melanoma and psoriasis (15, 16). We aim
to investigate cfDNA levels in patients with cellulitis to

SIGNIFICANCE
Cellulitis is a common inflammatory condition caused by
bacterial infection that often lacks an objective diagnostic
gold standard, contributing to misdiagnosis and increased
healthcare costs. Our study investigated cell-free DNA, a
circulating biomarker of inflammation, as a potential tool
for identifying and monitoring this disease. We found that
cell-free DNA levels are elevated in patients with cellulitis,
decrease with treatment and correlate with white blood
cell and neutrophil counts. These findings suggest
cell-free DNA may be a valuable objective measure for
confirming diagnosis and tracking treatment response.
Furthermore, its correlation with patient-reported pain
indicates it could be a useful biomarker for objectively
assessing pain levels.
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evaluate their potential as a biomarker for monitoring
treatment response and assessing their correlation with
patient-reported pain intensity throughout treatment.

MATERIALS AND METHODS

We conducted a cross-sectional,  prospective study
examining the levels  of  serum cfDNA in patients
with cellulitis  compared to healthy controls.  Changes
in cfDNA, WBC, CRP and neutrophil  levels  in
patients  with cellulitis  were tracked over time,  from
admission to 72±48 hours post-treatment,  discharge
and follow-up.  Trends in cfDNA levels  over time
were observed as well.  Additionally,  correlations
were analysed between cfDNA and neutrophil  counts
and cfDNA and CRP. The correlation between pain
severity and cfDNA and CRP values was also
analysed.

Data were gathered from patients  seen by
dermatologists  in the Dermatology departments of
the Soroka University Medical  Center  (SUMC) from
January 2018 to March 2020.  SUMC, a 1,200-
bed university-affiliated referral  centre,  serves as
a tertiary hospital  for  up to 1 million residents
in Southern Israel.  The study was conducted in
accordance with the declaration of  Helsinki  and all
appropriate amendments.  The study was reviewed
and approved by the local  Ethics Committee of
SUMC, Israel  (approval  number 0338-16-SOR).
Informed consent  was obtained from each patient
before entering the study.

Study population

Our study included adult patients (>18 years old)
clinically diagnosed with cellulitis and healthy, age-
matched controls. Patients diagnosed with other
conditions that may affect the levels of cfDNA in the
serum were excluded from the study,
including psoriasis, pregnancy, rheumatoid arthritis,
lupus, malignant disease or other acute
diseases.

The severity of the disease was assessed by observing
any additional symptoms such as blisters, ulcers,
lymphangitis, oedema or erosions and noting the
intensity of the pain using the visual analog pain scale.
Each criterion was given one point and divided into
these groups: 0–1 mild, 2–3 moderate, 4–5 severe.
Epidemiological information such as age and gender
was collected as well.

Venous blood samples of  1–2 ml were collected
at  admission before treatment,  72±48 hours inpatient
during treatment,  upon discharge and during follow-
up visits  at  the dermatology clinic 3 weeks
±1 week).  Inpatient  treatment included systemic
antibiotics with topical  potassium permanganate

compresses.  Laboratory data were obtained from the
database of  Soroka Medical  Center.  Along with the
blood samples,  a  complete physical  examination and
anamnesis  were performed each time.

Lab analyses

cfDNA measurement. Blood samples were collected
in commercial gel tubes using BD Vacutainer® SST
II plastic serum tubes with silica (clot activator)
gel (Becton-Dickinson, Plymouth, UK). Sera were
separated by centrifugation (4°C, 2000g, 10 min) and
kept at –20°C until assayed. cfDNA was quantified
on coded serum samples by a rapid SYBR® Gold
fluorometric assay, which does not require prior
processing of samples, i.e., DNA extraction and
amplification (17). Briefly, 20µL of patient serum was
applied in duplicate to black 96-well plates (Greiner
Bio-One; Frickenhausen, Germany). 80 µL of diluted
SYBR® Gold (Invitrogen, Paisley, UK) was added to
each well (final dilution 1 : 10,000), and fluorescence
was measured with a 96-well fluorimeter (SpectraMax
Paradigm plate reader, Molecular Devices, San Jose,
CA) at an emission wavelength of 535 nm and an
excitation wavelength of 485 nm. Concentrations of
unknown samples were calculated by extrapolation
in a linear regression model from a standard curve
(39–5000 ng/ml) of sonicated Salmon sperm DNA
(Sigma-Aldrich). We employed this direct fluorometric
measurement. This approach was chosen to avoid biases
inherent to qPCR-based quantification, which can be
influenced by the DNA extraction protocol and the
selection of target genes.

Statistical analysis

Statistical  analysis  was performed using Prism 6.1
software.  Data are presented as mean ± standard
deviation (SD) for  normally distributed variables
and as median and 95% confidence interval  (95%
CI) otherwise.  A t-test  was applied to compare
cfDNA levels  between groups.  For correlation
analyses,  Pearson correlation coefficient  was used
for continuous variables,  while Spearman rank
correlation was used for  noncontinuous variables.
ANOVA analysis  was performed to assess changes
in cfDNA over time across more than 2 groups.
A significance level  of  p<0.05 was selected.  We
compared cfDNA levels  between patients  diagnosed
with cellulitis  and healthy controls.

RESULTS

Group demographics

Our study consisted of  66 patients  overall.  Thirty-
six patients  with cellulitis  had a mean age of
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52.6 ±18.71 years (mean ± SD).  The control  group
consisted of  30 healthy individuals without  cellulitis
with a mean age of  53.4 ± 14.15 years.  The groups
were age-matched,  with no significant  difference in
mean age (p>0.05),  as  shown in Table I.  Among
the patients  with cellulitis,  32 (88.9%) identified as
Jewish and 4 (11.1%) as Bedouin,  as  shown in
Table I.  cfDNA levels:  patients  with cellulitis  vs
controls.

Upon admission,  patients  diagnosed with cellulitis
exhibited a significantly elevated median cfDNA
concentration of  990 (95% CI:  796–1478) compared
to the control  group’s median of  523 ng/mL (420–
573; p<0.0001),  as  illustrated in Fig.  1A.

Trends in cfDNA levels over time

Most patients (69.7%) exhibited a trend of decreasing
cfDNA levels from the acute infection to the resolution
post-treatment and during follow-up. However, a few
patients showed slight increases, and one patient had an
80.66% increase in their cfDNA level after initiation of
treatment, which correlated with a clinical worsening, as
seen in Fig. 1B.

cfDNA levels over time in cellulitis patients:
Pretreatment to follow-up

As seen in Fig. 2A, following treatment, cfDNA levels
decreased from an initial median of 989 (796–1478)
ng/mL at admission to 816 (578–1017) ng/mL 72±48
hours later, 748 (534–918) ng/mL at discharge and
eventually reached 707 (333–852) ng/mL at follow-
up. Statistically significant reduction in cfDNA was

observed between admission and all other time points
(p<0.05).

WBC counts followed this trend, decreasing from
an initial median of 11645 (10250–12950) cells/µL at
admission to 8610 (7400–9910) cells/µL 72±48 hours
later (p<0.01), as illustrated in Fig. 2B. Following
treatment, neutrophil counts significantly decreased
from an initial median of 9600 (7420–10540) cells/µL
to 5955 (4560–6950) cells/µL (p<0.001), as illustrated
in Fig. 2C. CRP decreased as well, but not significantly,
with an initial median of 11.71 (7.91–15.40) mg/L at
admission to 5.830 (2.470–9.050) mg/L 72±48 hours
later and 2.760 (0.12–48.00) mg/L at discharge, as
illustrated in Fig. 2D.

Correlation between cfDNA values and neutrophil count

A significant correlation was found between cfDNA
values and neutrophil count at the time of admission
(r=0.34, p<0.05) and inpatient (r=0.47, p<0.05), as
illustrated in Fig. 3A and B.

Correlation between cfDNA and CRP

We found no correlation between cfDNA and CRP
at admission and inpatient. Interestingly, a significant

Fig. 1. Cell free DNA levels (cfDNA) levels at admission in patients with cellulitis vs control group. ****p<0.0001. The continuous line
represents the median cfDNA levels, while the dashed line indicates the cutoff for normal levels. (B) cfDNA level changes over time in individual
patients. Patient marked in red showed a sharp increase in cfDNA levels, which corresponded with clinical worsening.

Table I. Demographic data and data for patients with cellulitis

Patients with cellulitis Control group p value

Number of patients 36 30
Average age ± SD 52.6 ± 18.4 53.4 ± 14.5 >0.05
Age range 19–92 26–73
Gender = male (%) 23 (63.9)
Bedouin (%) 4 (11.1)
Jewish (%) 32 (88.9)
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correlation was found between cfDNA values at
discharge and CRP at inpatient, 72±48 hours after
admission and initiation of treatment (r=0.59, p<0.05)
(not shown).

Correlation between cfDNA and CRP values and pain

A significant  correlation was found between cfDNA
values and VAS values over 7 at  admission.
Patients  with VAS scores greater  than 7 had notably
elevated cfDNA levels  compared to those with lower
scores (1348 (873–2403) vs 852 (655–1478) ng/mL,
p<0.05),  as  illustrated in Fig.  4A.

The ROC curve analysis demonstrated that cfDNA
levels effectively distinguish between individuals with
high and low pain levels (AUC=0.713, p<0.05), as seen
in Fig. 4B.

In contrast to cfDNA, no correlation was found
between admission CRP and pain, as seen in Fig. 4C.

Correlation between cfDNA values and severity of
cellulitis

No significant correlation was found between the level
of cfDNA and the severity of cellulitis at admission or
after the initiation of treatment (r=–0.046, p>0.05 and
r=0.051, p>0.05).

DISCUSSION

In the current study, we observed elevated cfDNA
levels in patients diagnosed with cellulitis, compared to
their controls, which significantly decreased following
antibiotic treatment initiation. The reduction in cfDNA

Fig. 2. cfDNA levels over time in cellulitis patients, from pretreatment to follow-up. *p<0.05. The continuous line represents the median
levels, while the dashed line indicates the cutoff for normal levels. (B) White blood cell (WBC) levels over time in cellulitis patients, from pretreatment
to follow-up.**p<0.05. (C) Neutrophil levels over time in cellulitis patients, from pretreatment to follow-up. ***p<0.0001. (D) C reactive protein
(CRP) levels over time in cellulitis patients, from pretreatment to discharge.
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mirrored a corresponding decrease in WBC counts,
including neutrophils, after initiation of treatment.

Notably, elevated cfDNA levels are associated with
higher VAS pain scores and effectively distinguish
between individuals with high and low pain levels.
cfDNA has also been shown to correlate with decreased
pressure pain threshold in the context of nerve blocks
for muscle inflammation (18). A number of potential
mechanisms may be responsible for this observed
correlation. cfDNA can function as a damage-associated
molecular pattern (DAMP), initiating downstream
inflammatory signalling. In particular, cfDNA has
been shown to activate NF-κB–dependent pathways,
contributing to nociceptor sensitivity (19, 20).

Toll-like receptors (TLRs) on nociceptors can
recognize cfDNA and induce expression of pro-
inflammatory mediators and receptors, promoting
increased pain sensitivity (21, 22).

The cyclic GMP-AMP synthase–stimulator of
interferon genes (cGAS–STING) pathway on
nociceptors may also be stimulated by cfDNA and
function as a pain modulator (23).

Circulating cfDNA has a short half-life of less than
one hour (24); therefore, changes in its concentration
may reflect inflammation and tissue damage in near
real time. In contrast, CRP has a substantially longer
half-life (approximately 16–19 hours), which may
explain why CRP levels were not associated with pain
intensity in our cohort (18). This marked difference
in half-life may also explain the lack of correlation
between cfDNA and CRP levels at admission and
during hospitalization.

The median initial  CRP of 11.71 mg/L at
admission in our cohort  is  consistent  with bacterial
skin infections such as cellulitis,  particularly as an
early measurement,  since about 44% of patients  with
bacterial  infections present  with baseline CRP values
<10 mg/L (25).

Our finding of elevated cell-free DNA (cfDNA)
levels in patients with cellulitis aligns with previous
reports identifying cfDNA as a biomarker of
inflammation and immune dysregulation in conditions
such as bacteremia, sepsis, and myelofibrosis (9–12).
Similarly, elevated cfDNA levels have been observed

Fig. 3. Correlation between cfDNA levels and neutrophil count at the time of admission. A positive correlation is observed (p<0.05,
r=0.34). (B) Correlation between cfDNA values and Neutrophil count after initiation of treatment. A positive correlation is observed (p<0.05, r=0.47).
(C) Correlation between cfDNA at discharge values and CRP 72±48 hours after treatment initiation. A positive correlation is observed (p<0.05,
r=0.59).

Fig. 4. Correlation between cfDNA levels and pain. The dashed line indicates the cutoff for pain levels above 7. *p<0.05. (B) ROC Curve cfDNA
levels for patients with pain above (Visual Analogue Scale) VAS 7. AUC=0.713.
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in dermatologic disorders including hidradenitis
suppurativa, melanoma and dermatomyositis (8, 13, 14).

Although circulating cfDNA levels were elevated in
patients with cellulitis, we did not observe a correlation
between cfDNA concentration and disease severity. This
contrasts with conditions such as sepsis, where cfDNA
levels typically rise with severity (26). Given the
localized nature of cellulitis compared to the systemic
process seen in sepsis, these findings are consistent
with underlying pathophysiology. A similar pattern was
noted in our recent study on Herpes Zoster (HZ), in
which cfDNA levels were elevated in acute HZ, a
condition with more systemic involvement, but not in
postherpetic neuralgia (PHN), which is more localized
(27).

Therefore, in patients with cellulitis, cfDNA may
serve better as a diagnostic biomarker rather than an
indicator of disease severity. We observed a significant
reduction in cfDNA levels following admission and
initiation of treatment. This decrease suggests an
initial reduction in inflammation in response to the
treatment. However, after this initial drop, cfDNA levels
showed no further statistically significant changes,
although a decreasing trend persisted. This observation
indicates that the most pronounced impact of the
treatment occurred within the first days, aligning
with data demonstrating that most patients with
cellulitis show clinical improvement within 2–5 days
of treatment initiation, with some experiencing clinical
and biochemical improvements as early as the first
day (28, 29). It is notable that one patient experienced
clinical decline following treatment, accompanied by
an 80.66% increase in cfDNA levels. This further
supports the idea that cfDNA serves as a marker of
treatment response, indicating both positive outcomes
and treatment failures. This is supported by treatment
response studies in colorectal and metastatic breast
cancer, as well as melanoma, where decreases in cfDNA
were observed in patients responding to treatment (30–
32).

Our findings of decreased cfDNA after treatment
initiation are further supported by the positive
correlation observed between cfDNA levels and
neutrophils. This correlation offers further support
for the reliability of cfDNA as a marker of disease
presence and severity since cfDNA significantly
decreased alongside neutrophils, an accepted marker of
inflammation (33). Similar data were seen in patients
with hidradenitis suppurativa in which cfDNA and CRP
had a positive correlation (13).

It is noteworthy that although the reduction in
cfDNA levels in hospitalized patients after initiation
of treatment was statistically significant, there was no
corresponding significant decrease in CRP levels. This
observation suggests that cfDNA may serve as a more
immediate biomarker for monitoring initial therapeutic

responses in patients with cellulitis. This finding aligns
with the known differences in half-life between cfDNA
and CRP. cfDNA has a relatively short serum half-
life of 1–5 hours, allowing for rapid detection of
changes. Consequently, alterations in CRP levels may
manifest more gradually, thereby limiting its utility
in tracking early treatment responses as effectively as
cfDNA (34–36). Erythrocyte sedimentation rate (ESR)
also normalizes more slowly than cfDNA, typically
taking several weeks to return to baseline (37). Even
procalcitonin observed early in patients with cellulitis,
is less valuable than cfDNA as a predictor of initial
improvement, as its half-life is 24–48 hours, which is
longer than that of cfDNA (38, 39).

Another potential advantage of cfDNA is the
significant correlation between elevated cfDNA levels
and increased pain intensity, particularly among patients
with cellulitis who reported a VAS pain score
greater than 7. Furthermore, cfDNA levels effectively
differentiated between high and low pain states,
suggesting that cfDNA may be a valuable biomarker
for assessing pain levels in patients with cellulitis. This
observation is supported by prior research in patients
with lumbar degenerative disease, where elevated
cfDNA levels were similarly correlated with increased
pain intensity (40). In contrast, CRP did not correlate
with pain scores. This insight highlights the potential
of cfDNA as an objective indicator, particularly useful
for patients who cannot effectively communicate the
true extent of their pain. Our study possesses several
strengths that underscore its scientific relevance. A
primary strength is its novel focus on cfDNA levels
following treatment initiation for cellulitis, an area
with limited existing data. Additionally, our longitudinal
prospective analysis, along with a comparison to the
control group, enhances the robustness of our findings
by offering valuable insights into the fluctuations
of cfDNA over time. Moreover, we cross-referenced
the observed elevations in cfDNA with established
inflammatory markers such as neutrophil counts and
WBC counts to validate the alignment of cfDNA with
recognized indicators of inflammation.

Our method for measuring cfDNA is highly
affordable, costing approximately 1 USD per patient,
which enhances the feasibility of its implementation
in clinical practice. Additionally, it has been verified
that contribution of RNA to DNA quantification is
negligible.

However, there are some limitations to consider.
While patients with conditions known to affect
cfDNA levels, such as psoriasis, pregnancy, rheumatoid
arthritis, lupus, malignant disease or acute disease, were
excluded from the exposed group, there may have
been other unknown conditions that were not accounted
for that impacted cfDNA levels. The control group
was not matched by gender, which may represent a
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limitation; however, prior findings, including those from
the present study, suggest that cfDNA levels do not
differ significantly between males and females. CRP
measurements were not available at outpatient follow up
due to technical limitations, which may have restricted
longitudinal assessment. Additionally, the single-centre
design may limit the generalizability of findings to
broader populations. Further research is necessary to
determine whether these findings are reproducible in a
larger sample size and across multiple centres, which
would enhance the generalizability of the results.

Investigating cfDNA levels in patients with
conditions that mimic cellulitis, such as pseudocellulitis,
could also be valuable, as potential differences in
cfDNA levels may help improve diagnostic accuracy.

Our findings highlight the potential of cfDNA as
a valuable biomarker for cellulitis. It can also serve
as a minimally invasive complement to other clinical
diagnostic tools used to monitor treatment response.
Furthermore, cfDNA may serve as an objective tool for
assessing pain levels in patients with cellulitis who may
be unable to communicate their level of pain effectively.
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