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Abstract
Background. In the absence of a gold-standard diagnostic modality for cellulitis, sterile in�ammatory
disorders may be misdiagnosed as cellulitis.

Objective. To determine the utility of skin biopsy and tissue culture for the diagnosis and management of
patients admitted with a diagnosis of cellulitis.

Design. Pilot, single-blind parallel group randomized controlled clinical trial evaluating length of stay and
antibiotic use in 56 patients with a primary diagnosis of cellulitis. Skin biopsy and tissue culture results
were only reported in the intervention group. Corollary analysis of adipose tissue in�ammation and
structural changes in cellulitis.

Results. Hospital length of stay showed the greatest opportunity for further study as a primary outcome
(intervention: 4, IQR (2-6) vs control: 5 IQR (3-8) days; p = 0.124). In the corollary study, there were
differentially expressed genes related to in�ammation (CD74), macrophage characterization (CD14,
MCP1, CD36) and extracellular matrix proteins (VEGFA, FGF1, FGFR1/3, TIMP1, COL12A1) in the adipose
tissue of chronic cellulitis patients.

Limitations. Limited number of participants.

Conclusion. The study demonstrated that hospital length of stay and anti-pseudomonal antibiotic de-
escalation are endpoints worth further study. The corollary study demonstrated multiple in�ammatory
and structural genes that are upregulated in this disease process. 

Capsule Summary
In the absence of diagnostic modalities in cellulitis, sterile in�ammatory disorders may be
misdiagnosed as cellulitis.

This study demonstrates the feasibility of larger studies characterizing the utility of skin biopsy and
tissue culture in cellulitis; the corollary study demonstrated in�ammatory and structural genes that
are upregulated in cellulitis.

What'S Already Known About This Topic?
Cellulitis is the most common reason for cutaneous hospital admissions but diagnoses, treatments,
and outcomes are highly variable

What Does This Study Add?
Preliminary data to support a study to establish a gold-standard in cellulitis diagnosis and care.
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Introduction
Every year, fourteen million cases of cellulitis are treated in the United States with outpatient costs over
$3.7 billion.1 Over 500,000 lead to inpatient hospitalization, with the number of these hospitalizations
increasing 73% from 1998 to 2013.2 Readmissions are also common with a 30 day readmission rate
around 9%.3 A clinical diagnosis is typically made in the setting of cutaneous erythema, swelling, pain,
and/or warmth; however, no gold-standard diagnostic modality is available. Certain conditions,
categorized generally as pseudocellulitis, can cause cutaneous in�ammation mimicking cellulitis and
often prompt unnecessary antibiotic use. For example, atopic dermatitis was found to be a frequent
mimicker of cellulitis in a United Kingdom study.4 In addition, stasis dermatitis and lipodermatosclerosis,
which frequently present as bilateral lower extremity erythema refractory to antibiotics, are two other
common diagnoses that mimic cellulitis.

Inpatient dermatology consultation has been shown to play an impactful role in cellulitis management. A
large, multi-institution study demonstrated 74.3% of cellulitis cases that were ultimately diagnosed as
pseudocellulitis upon dermatology evaluation.5 Furthermore, hospital length of stay as well as 1-year
admission rates were reduced with the implementation of inpatient dermatology consultation.6 Even
among patients with cellulitis, 28% were diagnosed by dermatology with a predisposing skin disease,
which if treated may subsequently reduce the risk of recurrent cellulitis.7 Despite these advantages, many
hospitals throughout the country do not have consistent access to inpatient dermatology services. Even
when inpatient dermatology services are available, a challenge may exist when specialists do not fully
agree on the diagnosis, or when primary services do not adapt the diagnosis based on the specialist
recommendation.8–10

Although tissue cultures are often considered as the gold-standard, studies have shown that tissue
cultures from skin biopsies are often negative in patients presenting with cellulitis.11–13 This �nding has
been used to suggest that biopsies have little or no bene�t. We propose that even with the low diagnostic
yield of the biopsies, negative cultures, in fact, have a purpose and can guide safe de-escalation of
antibiotics and reduce hospitalization length even in the absence of a con�rmed alternative, non-
infectious etiology. The objective of our study was to determine the utility of skin biopsies and tissue
cultures in differentiating cellulitis from pseudocellulitis. In addition, we sought to gain preliminary data
evaluating the in�ammatory and structural gene changes present in the adipose tissue among patients
with cellulitis and comparing them to healthy unin�amed subcutaneous adipose tissue (SAT).

Methods
Design:

A single-blind parallel group randomized controlled clinical trial was performed on patients with a primary
admission diagnosis of cellulitis or skin and soft tissue infection. Samples were also taken to assess
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gene expression in the adipose tissue of the affected patients with a comparison to healthy non-in�amed
control patients.

Population:

Eligible patients were adults admitted to the inpatient internal medicine ward with a primary diagnosis of
suspected cellulitis that did not have features of purulence or necrosis. Patients were excluded if they had
any associated surgery to the affected area in the last 90 days, malignancy, pregnant or breast feeding,
facial involvement, or any visible skin tear within 10 cm of the affected area. Incarcerated individuals and
direct hospital transfers were excluded.

Intervention:

Eligible patients were screened daily via medical record number searches. After consent, the participants
were assigned a unique patient number and a random number generator was used to randomize
participants to the interventional or standard of care group. The standard care group did not have skin
biopsy or tissue culture results reported in the electronic health record (EHR) unless medically necessary,
such as bacterial culture results not being treated. The interventional group had skin biopsy and tissues
culture released to the EHR, allowing the primary medical team to monitor pending cultures for positivity.

Encrypted photographs were taken of the patient’s skin condition. Subsequently, three 4-6mm punch
biopsies were obtained from the most proximal portion of erythema. The �rst biopsy was sent for
histopathologic analysis by a dermatopathologist, utilizing standard histopathologic stains including
Gram, Grocott’s methenamine silver, and acid-fast stains. The second biopsy was sent for tissue culture
(bacterial, fungal, and anaerobic), and the third biopsy was �ash frozen for corollary SAT analysis. Acid-
fast cultures were performed only if the dermatopathologist had suspicions based on the histopathology.

The patients and the dermatopathologist were blinded to their assignment. The inpatient physicians were
aware of the study and had to agree to patient participation but were not explicitly told of the
randomization assignment unless requested. These physicians could request a standard inpatient
dermatologic consultation at any time if deemed appropriate. Following the hospital stay, the research
coordinator collected data related to the outcome measures including length of stay, antibiotic type and
duration of use, re-hospitalization rate, as well as skin biopsy and tissue culture results. Patients were
later contacted by phone 30 days after hospital discharge to inquire about additional antibiotic use,
hospitalizations, and medical care post-discharge.

Outcomes:

Patient demographics were analyzed to demonstrate the effect of the randomization. The data were
analyzed in an intention-to-treat format, without accounting for laboratory errors, unblinding, and/or
patients leaving against medical advice. The primary outcome measure was the hospitalization length of
stay, with secondary outcome measures including antibiotic de-escalation de�ned as length of use of
broad-spectrum intravenous (IV) MRSA coverage (vancomycin, daptomycin) and broad-spectrum IV
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pseudomonal coverage (carbapenems, anti-pseudomonal penicillins, ceftazidime and 4th generation
cephalosporins, cipro�oxacin and levo�oxacin). In addition, total antibiotic (IV and oral) length, death, 30-
day readmission, and associations of culture positivity were considered secondary outcomes. Exploratory
outcomes included the evaluation of structural and in�ammatory gene changes in patients’ adipose
tissue in comparison with healthy controls.

Statistics:

According to the CDC, an average hospital length of stay for the diagnosis of cellulitis and abscess is 4.4
hospital days, but has substantial variation.14 However, a randomized experiment using outcomes such
as length of stay and antibiotic de-escalation based on skin biopsy and tissue cultures had not previously
been performed. Based on NIH guidelines as a pilot study, we determined 60 patients were needed to
assess patient �ow, effect magnitude, and exploratory hypothesis analysis, while staying within budget
constraints. Ultimately, 56 participants were enrolled before the shutdown of human trial research due to
COVID-19 and lapse of funding.

Descriptive statistics are reported as mean ± standard deviation (std dev), median (IQR) or total number
and percentage. Normality of data was assessed after visual inspection of the data and with the Shapiro
Wilk normality test. Continuous data, such as length of stay and duration of antibiotics, were analyzed
using a t-test for normally distributed data and a Wilcoxon Rank-sums test for skewed data. Categorical
data, such as re-hospitalization within 30 days, were analyzed using a chi-squared or Fisher exact test as
appropriate. Signi�cance level was set at α ≤ 0.05. The data were analyzed using JMP 14PRO and
Statistical Analysis Software, version 9.4 (SAS Institute Inc., Cary, NC, USA)

Corollary Study:

Healthy, non-obese patients were compared with patients diagnosed with cellulitis enrolled in this study.
Adipose tissue was harvested at the time of elective surgery for lean patients and via a skin biopsy of
patients with cellulitis. The tissue was homogenized, RNA was extracted, and cDNA was generated.
Primers were purchased from Sigma and gene expression was calculated using the delta CT method as
previously described.15 For all statistical analyses, GraphPad Prism 7.0 was utilized. Data normality was
assessed, and student’s t-tests were performed for normally distributed data and Mann Whitney U tests
were performed for non-normally distributed data.

Study Approval:

This study was conducted exclusively at the Ohio State University Wexner Medical Center. This was
approved by the IRB (OSU:2018H0147), funded internally through a patient safety advancement grant,
and published on clinicaltrials.gov (NCT03785834). Written informed consent was obtained from all
subjects prior to their participation in the study. Enrollment began in August 2018 and was continued
through March 2020.
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Results
A total of 68,481 patients were electronically screened at admission for admission L03.* ICD-10 codes or
a combination of non-speci�c rash codes or edema codes (R21.*, R60.*) in combination with antibiotic
prescription and admission documentation favoring skin and soft tissue infection. Patients were then
further screened to identify those meeting study criteria; �fty-six patients ultimately consented to study
participation. Of that group, 25 and 31 patients were assigned to the standard of care and interventional
groups, respectively. Demographic data of the study groups can be found in Table 1. Notably, there was
no signi�cant difference in culture positivity between the groups. Major outcomes measures of the study
– length of stay, antibiotic duration, and 30-day re-hospitalization rate – did not reach statistical
signi�cance (Table 2). Hospital length of stay showed the greatest opportunity for future study
(intervention: 4, IQR (2–6) vs control: 5 IQR (3–8) days; p = 0.124). Antibiotic de-escalation similarly did
not reach the level of statistical signi�cance (p = 0.68 and 0.22 respectively). Overall, as shown in existing
literature, there was a low rate of positive cultures in both groups (23%). Secondary analysis evaluated
the effect of positive tissue cultures on clinical outcomes. The number of readmissions in the �rst 30
days after discharge was not signi�cantly different in patients with positive versus negative cultures (0
IQR (0–3) vs 0 IQR (0–1) p = 0.16). Additional secondary outcome measures, including hospital length of
stay and duration of antibiotics did not demonstrate differences between patients with positive and
negative tissue cultures. There was a low rate of fungal culture positivity; the only patient was a non-
immunosuppressed patient with cirrhosis who presented with upper extremity cellulitis and was
discharged prior to the culture growth of yeast. Ultimately, she was the only patient who succumbed to
the disease during the study.
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Table 1
Patient demographics.

Demographic Variable Value Control
Group

N 
= 
25

Intervention
Group

N 
= 
31

P-
value

Age Mean (Std
Dev)

55.5
(15.14)

25 48.3 (13.6) 31 0.07

Female % 44 11 32.3 10 0.37

Race           0.43

Black % 4 1 6.5 2  

Other % 0 0 9.7 3  

White % 96 24 83.9 26  

BMI* Mean (Std
Dev)

37.8(12.9) 25 36.4 (13.5) 31 0.69

Temperature* Mean (Std
Dev)

98.4
(0.98)

25 98.2 (0.50) 31 0.28

Heart Rate* Mean (Std
Dev)

96.0
(14.7)

25 92.1 (16.8) 31 0.37

Respiratory Rate* Mean (Std
Dev)

18.1 (2.8) 25 17.4 (2.6) 31 0.30

Systolic Blood Pressure* Mean (Std
Dev)

129 (20.7) 25 138.3 (21.1) 31 0.10

Diastolic Blood Pressure* Mean (Std
Dev)

70 (18.9) 25 79.1 (13.4) 31 0.050

Oxygen Saturation* Mean (Std
Dev)

0.97
(0.03)

25 0.97 (0.03) 31 0.91

Total WBC* Mean (Std
Dev)

10.8 (4.2) 25 9.6 (3.9) 31 0.27

Neutrophil count* Mean (Std
Dev)

8.3 (4.1) 25 7.4 (3.8) 31 0.39

Final Diagnosis of Cellulitis or Soft
Tissue Infection

% 88 22 93.6 29 0.65

Histopath suspicious cellulitis % 24 6 16.1 5 0.46

+ Tissue Cultures % 16.0 4 29.0 9 0.25

Aerobic Bacterial + % 13.0 3 20.7 6 0.71

*indicates on admission
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Demographic Variable Value Control
Group

N 
= 
25

Intervention
Group

N 
= 
31

P-
value

Anaerobic Bacterial + % 8.7 2 3.5 1 0.58

Fungal Culture + % 0 0 6.7 2 0.20

Left Against Medical Advice % 4.0 1 6.5 2 1.0

*indicates on admission
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Table 2
Antibiotic, length of stay, and rehospitalization outcomes.

Variable Level Control (n 
= 25)

Intervention (n 
= 31)

Total (n = 
56)

p-
value

Antibiotics Rx On
Discharge_(Y/N)

No 8 (32%) 8 (26%) 16 (29%) 0.610

  Yes 17 (68%) 23 (74%) 40 (71%)  

Length of IV MRSA Coverage *
(days)

Median
[IQR]

(min,
max)

3[1, 6]

(0, 43)

3[2, 5]

(0, 42)

3[2, 5.5]

(0, 43)

0.678

Length of IV Pseudomonas
Coverage (days)

Median
[IQR]

(min,
max)

2 [0, 5]

(0, 43)

0 [0, 3]

(0, 19)

1 [0, 4.5]

(0, 43)

0.219

Discharge Length of IV
Antibiotics (days)

Median
[IQR]

(min,
max)

0 [0, 0]

(0, 32)

0 [0, 0]

(0, 14)

0 [0, 0]

(0, 32)

0.115

Total Antibiotic Length (days) Median
[IQR]

(min,
max)

11[7, 16]

(1, 43)

11[10, 17]

(0, 42)

11[8, 16]

(0, 43)

0.590

Length of Stay (days) Median
[IQR]

(min,
max)

5[3, 8]

(2, 50)

4[2, 6]

(1, 16)

4[3, 7]

(1, 50)

0.124

Rehospitalization in 30 days,
(Y/N)

No 18 (72%) 26 (84%) 44 (79%) 0.281

  Yes 7 (28%) 5 (16%) 12 (21%)  

Rehospitalization in 30 days, (n) Median
[IQR]

(min,
max)

0 [0, 1]

(0, 2)

0 [0, 0]

(0, 3)

0 [0, 0]

(0, 3)

0.394
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Table 3
Outcomes based on culture result.

Variable Level Culture - (n 
= 43)

Culture +
(n = 13)

Total (n 
= 56)

p-
value

Length of IV MRSA Coverage * (days) Median
[IQR]

(min,
max)

3[2, 5]

(0, 43)

4[2, 6]

(1, 16)

3[2, 5.5]

(0, 43)

0.531

Length of IV Pseudomonas Coverage
(days)

Median
[IQR]

(min,
max)

2 [0, 5]

(0, 43)

0 [0, 1]

(0, 15)

1 [0, 4.5]

(0, 43)

0.395

Discharge Length of IV Antibiotics
(days)

Median
[IQR]

(min,
max)

0 [0, 0]

(0, 32)

0 [0, 0]

(0, 9)

0 [0, 0]

(0, 32)

0.842

Total Antibiotic Length (days) Median
[IQR]

(min,
max)

11[7, 17]

(0, 43)

10[9, 15]

(2, 24)

11[8, 16]

(0, 43)

0.552

Length of Stay (days) Median
[IQR]

(min,
max)

4[3, 7]

(1, 50)

6[2, 9]

(1, 17)

4[3, 7]

(1, 50)

0.814

Rehospitalization after Discharge in
30 days (Yes/No)

No 32 (74%) 12 (92%) 44 (79%) 0.257

  Yes 11 (26%) 1 (8%) 12 (21%)  

Rehospitalization after Discharge in
30 days (n)

Median
[IQR]

(min,
max)

0 [0, 1]

(0, 3)

0 [0, 0]

(0, 1)

0 [0, 0]

(0, 3)

0.158

 
In the corollary study, the demographics between healthy, control patients and acute, culture-negative
cellulitis patients were similar except for a higher body mass index (BMI) in the cellulitis group. There
were differentially expressed genes related to in�ammation (CD74), macrophage characterization (CD14,
MCP1, CD36) and extracellular matrix proteins (VEGFA, FGF1, FGFR1/3, TIMP1, COL12A1) in the adipose
tissue of chronic cellulitis patients (p < 0.05, Fig. 1) as compared to healthy, non-in�amed controls.

Discussion
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This study examined the role of skin biopsies and tissue cultures in patients admitted with presumed
cellulitis. While the clinical results did not reach statistical signi�cance, as a pilot study, it was effective
for the assessment of feasibility and outcomes of a larger study, as well as highlighting the need to
account for unblinding and discharges against medical advice in a subsequent trial design. During the
study, multiple patients were subsequently found to have osteomyelitis or endocarditis, which
substantially changed antibiotic treatment lengths, presenting another variable needing to be accounted
for in subsequent study. Furthermore, at the time that the trial was ended, it was not due to futility, but
rather due to the COVID-19 pandemic.

This data provides unique insight regarding the evaluation and management of patients with cellulitis
and pseudocellulitis. Although unable to complete the planned enrollment for this study, the trends seen
with both length of stay and IV pseudomonas antibiotic de-escalation suggests that expanding this pilot
study to a larger and multicenter approach is warranted. In addition, while the low rate of positive tissue
cultures in this population was corroborated, this trend is worth further study as it suggests that negative
cultures may increase the con�dence of a hospitalist in discharging a patient or deescalating antibiotics.
Notably, all patients in this study previously received antibiotics in the emergency department prior to
admission, in future studies, it would be valuable to determine whether there are associations of culture
growth based on antibiotic type, time of exposure, and other comorbidities. While positive tissue cultures
were rare in this study, they allowed us to begin treating an immunocompetent woman with appropriate
antifungal medications sooner than if she did not have that culture data. However, the yeast was not seen
on the histopathology for this patient.

Secondary analysis showed that patients with positive tissue cultures trended towards a lower 30-day
rehospitalization rate than those with negative tissue cultures. With an identi�ed organism(s) and
antibiotic susceptibilities available to physicians, it is plausible to suspect more targeted antibiotic usage
which may, in turn, have prevented rehospitalizations in this group. It is also possible that the
pseudocellulitis patients with sterile in�ammatory conditions were more likely to reoccur and led to the
follow-up hospitalization difference.

In the corollary study, among patients admitted for cellulitis, the adipose tissue appeared to have a
marked decrease in M2-like macrophage related genes, a decrease in extracellular matrix activity
expression, and a marked upregulation of COL12A1 as compared to the adipose tissue of healthy
controls. Together these data suggest that perturbations of adipose tissue are associated with the edema,
erythema, and possibly the risk for chronic wound development. This is interesting as existing data
suggests an increase in extracellular matrix proteins in the dermis of patients with chronic venous
insu�ciency, which may be suspected in some of our patients with culture-negative cellulitis.16

Additionally, in patients with stasis panniculitis, there is diminished procollagen 1A2 expression
throughout the skin, which was decreased although not signi�cantly in our group.17 These corollary
outcomes provide direction for future research towards biomarker development in cellulitis and
mimicking conditions.
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A limitation of this study is that biopsies and tissue cultures may not have the same impact as a
dermatologist consultation. Indeed, prior studies have shown that dermatology consultation led to nearly
75% of cellulitis diagnoses being changed to pseudocellulitis and observational studies suggest that in
hospitals without dermatology access, more skin disease is ultimately coded as cellulitis.5,18 However,
poor availability of dermatology inpatient consultation presents a substantial barrier to this goal. Our own
studies have still shown substantial disagreement between �nal discharge diagnoses and that specialist
consultations are not always implemented.8,9 These issues present a substantial need for a scalable
gold-standard testing methodology for the clinical treatment and study of cellulitis.

Additional limitations for this study exist. The study was not able to complete enrollment due to the
COVID-19 pandemic. Patients receiving antibiotics prior to admission may have altered culture sensitivity.
Additional limitations include the use of a single hospital system, a limited number of patients, as well as
several necessary and unnecessary unblindings, some of which were related to laboratory reporting error.
No independent expert assessment of the likelihood of pseudocellulitis was made for the patients. Lastly,
it is important to note that these data do not include post-surgical patients, cancer patients, facial
cellulitis, puncture or laceration related trauma, or prisoners.

Conclusions
This pilot study evaluated the feasibility and utility of skin biopsy and tissue culture in patients admitted
for a diagnosis of cellulitis. The study demonstrated that hospital length of stay and anti-pseudomonal
antibiotic de-escalation are endpoints worth further study; further, the corollary study demonstrated
multiple in�ammatory and structural genes that are upregulated in this disease process for future
biomarker studies. Larger studies will be bene�cial to better characterize the effects of skin biopsy and
tissue culture on clinical and healthcare economic outcomes in hospital patients admitted with a
diagnosis of cellulitis.
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Figures

Figure 1

Changes in in�ammatory markers, macrophage markers, and extracellular matrix genes in patients
admitted and treated for culture negative cellulitis as compared to healthy, lean controls. #, p < 0.10, *, p <
0.05, **, p <0.01, ***, p < 0.001. 


