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ABSTRACT

Early differentiation of erysipelas from deep vein thrombosis (DVT) based solely on clinical signs and symptoms is

challenging. There is a lack of data regarding the usefulness of the inflammatory biomarkers procalcitonin (PCT),

C-reactive protein (CRP) and white blood cell (WBC) count in the diagnosis of localized cutaneous infections.

Herein, we investigated the diagnostic value of inflammatory markers in a prospective at-risk patient population.

This is an observational quality control study including consecutive patients presenting with a final diagnosis of

either erysipelas or DVT. The association of PCT (lg/L) and CRP (mg/L) levels and WBC counts (g/L) with the

primary outcome was assessed using logistic regression models with area under the receiver–operator curve.

Forty-eight patients (erysipelas, n = 31; DVT, n = 17) were included. Compared with patients with DVT, those with

erysipelas had significantly higher PCT concentrations. No significant differences in CRP concentrations and

WBC counts were found between the two groups. At a PCT threshold of 0.1 lg/L or more, specificity and positive

predictive values (PPV) for erysipelas were 82.4% and 85.7%, respectively, and increased to 100% and 100% at a

threshold of more than 0.25 lg/L. Levels of PCT also correlated with the severity of erysipelas, with a stepwise

increase according to systemic inflammatory response syndrome criteria. We found a high discriminatory value of

PCT for differentiation between erysipelas and DVT, in contrast to other commonly used inflammatory biomar-

kers. Whether the use of PCT levels for early differentiation of erysipelas from DVT reduces unnecessary antibi-

otic exposure needs to be assessed in an interventional trial.
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INTRODUCTION

Erysipelas is an infectious condition of the skin that is predomi-

nantly caused by streptococci and frequently affects the lower

limb. Well-known risk factors for erysipelas include edema and

lymphedema, cutaneous barrier rupture, a history of leg sur-

gery, and superficial or deep venous insufficiency.1–6 Erysipelas

is currently an empiric clinical diagnosis based on the local

presentation and systemic signs of infection because more

specific microbiological tests have low sensitivity, with blood

cultures becoming positive in fewer than 5% of all cases.7–9

Hence, early differentiation between erysipelas and other

causes of painful swelling of the lower limb – such as deep

vein thrombosis (DVT) – remains a difficult task for the physi-

cian because of the overlap in clinical signs at presentation,

including unilateral limb swelling, redness and pain.10 The

current gold standards in DVT diagnosis are duplex sonogra-

phy, which has high sensitivity and specificity (both ~95%),

and duplex sonography in combination with D-dimer testing in

low-to-moderate risk subjects, respectively.11,12 However, the

diagnostic accuracy of both sonography and D-dimers may be

compromised in the case of skin infections and erysipelas due

to false-positive results.13 Early and accurate differentiation

between these two conditions is crucial to make decisions

regarding initiation of antibiotic treatment in the case of erysip-

elas or anticoagulant therapy in the case of DVT.
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A current approach to the early diagnosis or ruling out of

bacterial infections in the emergency department (ED) is the

use of concentrations of inflammatory biomarkers such as pro-

calcitonin (PCT).14 First described in 1993 as an infection mar-

ker,15 serum PCT has emerged as a biomarker for the

diagnosis of systemic bacterial infections with greater accuracy

compared to clinical characteristics or commonly used labora-

tory parameters such as concentrations of C-reactive protein

(CRP) or white blood cell (WBC) counts in the serum.16–18 Par-

ticularly for respiratory infections, interventional trials and

meta-analyses have found significant reductions in antibiotic

(over-) use when PCT was used to guide antibiotic steward-

ship.19,20 Exclusion of clinically relevant bacterial pneumonia in

need of antimicrobial therapy on the basis of low PCT concen-

trations, for example, in patients with a clinical presentation of

lower respiratory tract infection significantly reduces antibiotic

exposure without adversely affecting clinical outcomes.21 For

skin infections such as erysipelas, however, clinical studies

investigating the diagnostic performance of PCT and other

more traditional inflammatory markers for differential diagnosis

are currently scarce. To our knowledge, there is one “pilot

study” that investigated the correlation of PCT with the alleged

severity of skin infection; this study, however, did not include a

control group.22 A very recent study looked at the value of

PCT and interleukin-6 in patients with bullous impetigo and

staphylococcal scalded skin syndrome.23 Finally, a review

paper discussed the value of PCT in localized skin and skin

structure infection, diabetic foot infections, septic arthritis and

osteomyelitis.24

The aim of our study was to investigate the diagnostic value

of PCT levels as compared with CRP levels and WBC counts

in a consecutive at-risk population of patients presenting with

either erysipelas or DVT of the lower limb to the ED of a tertiary

care hospital in Switzerland.

METHODS

Study design
We prospectively included consecutive adult patients present-

ing to the ED who had a final diagnosis of erysipelas or DVT of

the lower limb (as defined below) between 1 March 2013 and

31 March 2014, independent of other medical conditions. After

being examined in the ED, adult general medical patients were

included in an observational biobanking study that included a

blinded 30-day telephone follow up, entitled the TRIAGE

study.25 This study has been registered at the ClinicalTrials.gov

registration website (http://www.clinicaltrials.gov/ct2/show/

NCT01768494). In view of the fact that it is an observational

quality control study, the institutional review board of the Can-

ton of Aargau approved the study and waived the need for

informed consent (EK 2012/059).

Definitions
The definition of erysipelas was based on the clinical diagnosis

of the treating physician team (i.e, signs of systemic infection

with concomitant typical clinical presentation of erysipelas of

the lower limb). Microbiological proof of infection (i.e. positive

bacterial cultures) was not required. Because of overlapping

presentations in diffuse superstitial spreading skin infections of

the lower limb, cellulitis and erysipelas may have been used

synonymously in clinical practice of the study site. Therefore,

we will use the term “erysipelas” possibly referring to both enti-

ties in this report.26,27 For diagnosis of DVT, validation by

color-coded duplex sonography was mandatory. Patients with

other concomitant bacterial infections (n = 7) were excluded

from the main analysis.

Clinical assessment
Data on pertinent clinical variables including common risk fac-

tors for erysipelas described in the published work (e.g.

edema, chronic venous insufficiency, ulceration, tinea pedis,

trauma, obesity, white ethnicity and previous erysipelas) were

collected upon admission in all patients.1–6 To estimate the

severity of disease, we used adapted systemic inflammatory

response syndrome (SIRS) criteria, defined as temperature of

less than 36°C or more than 38.3°C, heart rate of more than 90

b.p.m., WBC of less than 4 or more than 12 g/L and oxygen

saturation of less than 90%.

Biomarker measurements
As part of the study protocol, CRP levels (mg/L) and WBC

counts (g/L) were measured upon admission in all patients as

part of the routine laboratory assessments. Concentrations of

CRP were determined by an enzyme immunoassay having a

lower limit of detection of less than 0.5 mg/L (EMIT; Merck

Diagnostica, Zurich, Switzerland). Concentrations of PCT (lg/L)
were measured after study termination by a blinded member of

the central laboratory using a time-resolved amplified cryptate

emission technology assay (Kryptor PCT; Brahms, Hennigsdorf,

Germany) with a lower limit of detection of 0.02 lg/L. Collec-
tion of blood or tissue cultures was not mandatory and up to

the treating physicians.

Statistical analysis
To evaluate differences between groups, the Mann–Whitney

U-test and Fisher’s exact test were used for non-parametric

continuous variables and categorical variables, respectively, as

appropriate. The diagnostic value of the individual laboratory

markers for differentiating between erysipelas and DVT was

compared by receiver–operator curve (ROC) analysis. The area

under the ROC (AUC) was the measure of the accuracy of the

laboratory parameter to distinguish between the two groups.

P < 0.05 (for a two-sided test) was considered statistically

significant. All calculations were performed using statistical

software STATA for Windows version 12.1 (StataCorp, College

Station, TX, USA).

RESULTS

Study population
Out of a total of 55 patients (35 patients with erysipelas and 20

patients with DVT), seven patients were excluded due to con-

comitant bacterial infections (urinary tract infection [n = 3], gas-

trointestinal infection [n = 3] and osteomyelitis [n = 1]). The
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final patient population thus comprised 48 patients (31 patients

with erysipelas and 17 patients with DVT).

Baseline characteristics of the patients included in the

study are presented in Table 1. The median age of the

patients was 64 years and 52% were male. Patients had a

high burden of comorbidities including hypertension (n = 19),

diabetes (n = 12) and chronic renal failure (n = 10). Underlying

comorbidities were equally distributed in both groups, except

for a higher body mass index in erysipelas patients. Other

common risk factors for erysipelas were also not significantly

different between the two groups. Blood cultures were col-

lected from 26 (84%) of the erysipelas patients in the ED, with

two of them (7.7%) showing positive growth with Streptococcus
dysgalactiae equisimilis and coagulase-negative staphylococci

(possible contamination). Within the 30-day follow-up period,

one patient with erysipelas died early after discharge from the

hospital.

Clinical presentation and biomarkers in patients
with erysipelas and DVT
There was no difference between the two groups with regard

to the distribution of SIRS criteria (Table 1). Figure 1(a) shows

the levels of the three biomarkers according to the final diag-

nosis of erysipelas or DVT. Significant differences between the

groups were seen only for PCT concentrations but not for CRP

concentrations or WBC counts. As shown in Table 2, there

was a significant association of logarithmic PCT and erysipelas

with an adjusted odds ratio (OR) of 63.04 (95% confidence

Table 1. Baseline patient characteristics

All Erysipelas DVT P

n 48 31 17

Sociodemographics

Age, mean (SD) 64 (15) 62 (15) 67 (16) 0.370
Male sex 25 (52%) 18 (58%) 7 (41%) 0.260

BMI* 29.6 (25.6, 34.8) 33.0 (27.5, 35.4) 25.9 (24.8, 31.4) 0.025

Comorbidities (%)

Coronary heart disease 2 (4) 1 (3) 1 (6) 0.660
Diabetes 12 (25) 9 (29) 3 (18) 0.380

Chronic renal failure 10 (21) 7 (23) 3 (18) 0.690

Hypertension 19 (40) 10 (32) 9 (52) 0.160

Anemia 5 (10) 3 (10) 2 (12) 0.820
Immunosuppression 6 (13) 3 (10) 3 (18) 0.420

Tumor disease 5 (10) 2 (6) 3 (18) 0.220

Vital signs on admission

Systolic blood pressure, mmHg* 141 (130, 153) 141 (130, 152) 136 (110, 155) 0.550
Diastolic blood pressure, mmHg* 77 (71, 90) 77 (71, 90) 77 (67, 86) 0.360

Pulse, b.p.m.* 87.5 (76, 100) 86 (72, 93) 95 (77, 107) 0.098

Temperature, °C* 37.3 (36.9, 38) 37.6 (37.1, 38.1) 37.1 (36.7, 37.3) 0.071
Oxygen saturation, %* 95 (93, 96) 96 (94, 97) 93 (89, 96) 0.088

Respiratory rate, b.p.m.* 19 (16, 22) 18 (15, 20) 22 (16, 24) 0.250

SIRS (%)

0 SIRS criteria 18 (38) 13 (42) 5 (29) 0.320
1 SIRS criteria 15 (31) 10 (32) 5 (29)

2 SIRS criteria 13 (27) 6 (19) 7 (41)

3 SIRS criteria 2 (4) 2 (6) 0 (0)

Common risk factors for erysipelas (%)
Chronic venous insufficiency 4 (8) 3 (10) 1 (6) 0.650

Past history of erysipelas 1 (2) 1 (4) 0 (0) 0.420

Eczema 4 (8) 4 (13) 0 (0) 0.120
Tinea pedis 5 (10) 5 (16) 0 (0) 0.080

Lymphadenopathy/edema 7 (15) 6 (19) 1 (6) 0.210

Edema 22 (46) 14 (45) 8 (47) 0.900

Initial laboratory work-up
PCT, lg/L* 0.09 (0.07, 0.22) 0.17 (0.08, 0.67) 0.08 (0.07, 0.9) 0.001

CRP, mg/L* 59 (16, 111) 76 (15, 165) 33 (21, 86) 0.200

WBC, g/L* 9.6 (7.6, 12.2) 10.7 (8.2, 13.8) 8.6 (7.4, 11.1) 0.140

Management of patients
Length of hospital stay, days* 6 (4, 9) 7 (5, 10) 6 (4, 9) 0.370

Death within 30 days 1 (2%) 1 (3%) 0 (0%) 0.450

*Median (interquartile range). BMI, body mass index; CRP, C-reactive protein; DVT, deep vein thrombosis; PCT, procalcitonin; SD, standard deviation;
SIRS, systemic inflammatory response syndrome; WBC, white blood cell.
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interval [CI], 1.5–2612.1; P = 0.03). The OR was adjusted for

age, sex and comorbidities (diabetes, immunosuppression,

tumors and chronic renal failure). The corresponding OR for

CRP and WBC were 1.82 (95% CI, 0.5–6.1; P = 0.33) and 1.91

(95% CI, 0.1–50.1; P = 0.70), respectively.

Patients with erysipelas had significantly higher concentra-

tions (median, interquartile range [IQR]) of PCT compared with

patients with DVT (0.17 lg/L [0.08–0.67] vs 0.08 lg/L [0.07–

0.09], respectively; P = 0.001, AUC = 0.79) (Table 1 and

Fig. 1b). No significant differences were seen between the two

groups with regard to CRP concentrations (76 mg/L [15–165]

vs 33 mg/L [21–86], respectively; P = 0.20, AUC = 0.61) and

WBC counts (10.7 g/L [8.2–13.8] vs 8.6 g/L [7.4–11.1], respec-

tively; P = 0.14, AUC = 0.63).

Figure 2 shows PCT concentrations in patients with erysipe-

las and DVT stratified according to SIRS criteria. Concentra-

tions of PCT increased in patients with erysipelas with each

additional SIRS criterion being present (ANOVA, P = 0.02), while

no differences in PCT levels were seen in patients with DVT

regardless of the number of SIRS criteria.

Performance of PCT with regard to diagnosis of
erysipelas
At a PCT threshold of 0.1 lg/L or more, the specificity

and PPV for erysipelas were 82.4% (95% CI, 56.6–96.2%) and

85.7% (95% CI, 63.7–97%), respectively. Both specificity and

PPV increased to 100% at the more than 0.25 lg/L and

more than 0.5 lg/L thresholds. Sensitivity values at the PCT

(a)

(b)

Figure 1. (a) Biomarker levels in patients with erysipelas compared to those with deep vein thrombosis (DVT). Procalcitonin (PCT)

shows significantly higher levels in erysipelas patients compared with DVT patients, while levels of C-reactive protein (CRP) and

white blood cell (WBC) were similar in these two groups. (b) Results of receiver–operator curve analysis for all biomarkers. Procalci-

tonin showed the highest discriminatory value as compared with CRP and WBC. AUC, area under the receiver–operator curve.
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thresholds of 0.1 lg/L or more, more than 0.25 lg/L and more

than 0.5 lg/L were 58.1% (95% CI, 39.1–75.5%), 35.5% (95%

CI, 19.2–54.6%) and 32.2% (95% CI, 16.7–51.4%), respectively

(Table 3).

Performance of PCT in the overall population
including patients with concomitant bacterial
infection
With inclusion of the seven patients with concomitant bacterial

infections, the performance of PCT was slightly inferior

(AUC = 0.76 for the overall differentiation). However, sensitivity

(62.9%, 37.1% and 34.3%) as well as specificity (75%, 90%

and 95%) were still reasonable at the 0.1 or more, more than

0.25 and more than 0.5 lg/L cut-offs, respectively (Table 3).

DISCUSSION

The main findings of this study are threefold. First, circulating

PCT levels have a superior diagnostic accuracy for the differen-

tiation of erysipelas from DVT as compared with other routinely

used inflammatory biomarkers including CRP concentrations

and WBC counts. Second, PCT at a cut-off value of more than

0.25 lg/L showed a high PPV (and specificity) to establish the

diagnosis of erysipelas and thus may help to recognize this con-

dition early in ED patients with a clinical presentation of a possi-

ble skin infection. Third, a low PCT concentration (<0.1 lg/L)
did not ultimately rule out erysipelas (negative predictive value

[NPV] = 51.9%). This may be explained by the fact that PCT

concentrations remain relatively low in non-severe, localized,

non-systemic infections (i.e. early erysipelas), which was mir-

rored in our study by an association of PCT concentrations with

the number of SIRS criteria seen in a patient.

There is currently no reference gold standard for the diagno-

sis of erysipelas mainly due to the low sensitivity of microbio-

logical tests such as blood and tissue cultures. Failure to

correctly identify erysipelas and to prescribe antibiotic therapy

can be associated with increased morbidity and even mortality.

Many cutaneous conditions – including DVT – may clinically

mimic diffuse soft-tissue infections as erysipelas and cellulitis.

A recent randomized trial found that dermatology consultation

in the primary care setting improved the diagnostic accuracy

of suspected cellulitis and decreased unnecessary antibiotic

use in patients with “pseudocellulitic” conditions.28 Thus, it is

likely that antibiotic therapy may be misused in this patient

population, resulting in unnecessary costs, side-effects and

facilitating the emergence of resistant strains of bacteria.

Whether inflammatory biomarkers mirroring the extent and

severity of bacterial infection may improve the diagnostic

work-up has not been systematically investigated. Our data

demonstrating a relatively high discriminatory value of PCT

levels in distinguishing between erysipelas and DVT are inter-

esting and may open new avenues for future research.

A growing body of evidence supports the use of PCT con-

centrations to improve diagnosis of bacterial infections and to

guide antibiotic therapy for several reasons. First, due to its

regulation, PCT is more specific towards bacterial infections

than are other inflammatory biomarkers such as CRP and

WBC. Moreover, PCT is upregulated by microbial toxins and

pro-inflammatory mediators such as interleukin-1b, tumor

necrosis factor-a and interleukin-6, and is downregulated as

concentrations of these substances subside during recovery.

Importantly, PCT expression is attenuated by cytokines typi-

cally released during viral infection (e.g. c-interferon).29 There-

fore, by flagging the presence and tracking the status of

systemic bacterial infection, PCT measurements aid in deter-

mining the risk and course of sepsis as well as the efficacy of

sepsis treatment.30,31 Second, clinical studies have found PCT

to be helpful in identifying the risk of sepsis and bacteremia. A

2007 meta-analysis including 17 observational studies totaling

more than 2000 patients found a high discriminatory value of

PCT (AUC = 0.84) for bacteremia.32 In patients with respiratory

infections, bacteremic disease was highly unlikely if PCT levels

remained below 0.25 lg/L.33 Patients showing growth of coag-

ulase-negative staphylococci in blood cultures and low PCT

concentrations had a high NPV to rule out “true bacteremia”

and predict culture contamination.34 Third, in patients present-

ing with SIRS, PCT has shown high accuracy in differentiat-

ing true infection from other causes. A recent meta-analysis

Table 2. Results of logistic regression analysis

Unadjusted Adjusted* AUC

PCT† OR 30.28 63.04 0.79

95% CI 1.7–540.6 1.5–2612.1
P 0.02 0.03

CRP† OR 1.99 1.82 0.61

95% CI 0.7–5.9 0.5–6.1
P 0.21 0.33

WBC† OR 3.09 1.91 0.63
95% CI 0.3–36.4 0.1–50.1
P 0.37 0.70

*Adjusted for age, sex and comorbidities (diabetes, immunosuppres-
sion, tumors and chronic renal failure). †Log transformed. AUC, area
under the receiver–operator curve; BMI, body mass index; CI, confi-
dence interval; CRP, C-reactive protein; DVT, deep vein thrombosis;
OR, odds ratio; PCT, procalcitonin; SD, standard deviation; SIRS, sys-
temic inflammatory response syndrome; WBC, white blood cell.

Figure 2. Procalcitonin (PCT) levels according to systemic

inflammatory response syndrome (SIRS) criteria in erysipelas
and deep vein thrombosis (DVT) patients. Levels of PCT

increased with severity of erysipelas patients defined as more

SIRS criteria, while no such increase was observed for patients
with DVT.
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including 30 high-quality observational studies totaling more

than 3200 patients found PCT to have an overall AUC of 0.85 to

differentiate sepsis from SIRS in different settings.35 Results

were similar for medical, surgical or pediatric patients, with sen-

sitivities and specificities of 75–80%. These results are in line

with the findings of the current study. In addition, PCT-guided

disease management has been shown to improve choices

regarding initiation and duration of antibiotic treatment in

patients with bacterial infections. Evidence from interventional

studies demonstrates that in mostly septic patients with respi-

ratory infection, PCT protocols led to dramatic diminution in

antibiotic (over-) exposure.36 Protocols using serially measured

PCT concentrations to guide early antibiotic treatment discon-

tinuation have been shown to result in sharp (30–70%) reduc-

tions in antibiotic consumption if cut-off ranges adequate for

the clinical setting have been applied. A recent individual

patient data meta-analysis including more than 4200 ED

patients and patients with pneumonia from completed random-

ized trials found that antibiotic exposure decreased from a

median of 8 days to 4 days in PCT arms versus control arms.19

In addition to its diagnostic use, PCT has also been found

to have prognostic value due to its association with severity of

disease and clinical outcome.37 It has proven to be better than

CRP or WBC in detecting serious bacterial infection among

children with fever of no apparent source. A US study found

an approximately 90% NPV for sepsis mortality when PCT

dropped by 80% or more within 72 h of intensive care unit

admission.38 When PCT levels did not decrease or even when

they increased, PPV were around 36–48%. A study looking

particularly at patients with complicated and uncomplicated

skin and skin structure infections also found that PCT showed

a good correlation with severity of infection.22 In line with these

findings, we also found a stepwise increase in PCT levels with

the number of SIRS criteria being present in patients.

Our study has some limitations. First, the small number of

patients included limits the power of this study, as a result of

which results may be more hypothesis-generating than definite.

Second, due to a lack of a true gold standard, the diagnosis of

erysipelas may not have been correct in all patients and we

did not seek dermatological evaluation in all patients. Third, fol-

low-up measurements of PCT during hospitalization were not

done and could have provided further important kinetic infor-

mation. Finally, our data is observational and interventional tri-

als are needed to investigate whether PCT-guided therapy

would improve antibiotic management of these patients.

Towards this aim, we believe that our data provide an interest-

ing first step towards further exploration of this concept.

In conclusion, this study found a high discriminatory value

of PCT for differentiation of erysipelas from DVT which was

superior to other more routinely used biomarkers such as CRP

and WBC. Whether the use of PCT reduces unnecessary anti-

biotic exposure needs to be assessed in an interventional trial.
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