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Comparison of White Blood Cell Count, Erythrocyte
Sedimentation Rate, and C-Reactive Protein for Diagnosis
of Diabetic Foot Infection

Joon Moon Lee, M.D., Seung-Kyu Han, M.D.,
Ja Hea Gu, M.D., Sung Ho Jung, M.D.,
Woo Kyung Kim, M.D.

Department of Plastic Surgery, Korea University College of
Medicine, Seoul, Korea

Purpose: Diagnosis of diabetic foot infection is some-
times difficult, since the classical inflammatory signs and
leukocytosis may be absent due to the decreased host
immune response in diabetics. Therefore inflammatory
blood markers, such as white blood cell (WBC) count,
erythrocyte sedimentation rate (ESR), and C-reactive
protein (CRP) have been commonly needed to confirm the
diagnosis of infection. The purpose of this study is to
evaluate the diagnostic usefulness of WBC, ESR and CRP
for detection of diabetic foot infection.

Methods: Peripheral blood samples were taken from
113 patients with diabetic foot ulcers admitted from June
2007 to April 2009. Diabetic foot infection was diagnosed
according to the microbiological culture from soft tissue
and bone specimens. Reference values of tests were 4500-
11000 /uL for WBC count, 0-20 mm/hr for ESR, and 0-5
mg/L for CRP'*". Sensitivities, specificities, positive and
negative predictive values of laboratory tests were cal-
culated and analysed. Receiver-operator characteristic
(ROC) curve was also created.

Results: There was a significant difference in WBC,
ESR, and CRP between infectious group and noninfectious
group (p<0.05). The sensitivity of WBC >11,000 /uL ESR
> 20 mm/hr, and CRP > 5 mg/L was 30%, 96%, and 84%.
The specificity was 86%, 14%, and 50% for WBC, ESR,
and CRP, respectively. Positive predictive value was 88%,
78%, and 84%, and negative predictive value was 28%,

Received March 9, 2010
Revised April 5, 2010
Accepted June 10, 2010

Address Correspondence : Seung-Kyu Han, M.D., Department of
Plastic Surgery, Korea University Guro Hospital, 97 Guro-
dong, Guro-gu, Seoul 152-703, Korea. Tel: 02) 2626-3333/ Fax:
02) 868-6698/ E-mail: pshan@kumc.or.kr

50%, and 50% respectively. The areas under the ROC curve
for WBC, ESR and CRP were 0.72, 0.75, and 0.78
respectively.

Conclusion: Based on the results of this study, we
conclude that CRP is more useful method in predicting and
diagnosing infection than WBC, ESR in diabetic foot ulcer
patients.
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719] HtgEe] vl indefendent t-test,
A 759 WUES} Eo|% H]1l+= Receiver Operating
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317 ESR¥} CRP7F Fhed £ |9 249 Aol - 2ABIICh

galrt= B3} 9lo],” AAlE WBC, ESR, CRP AAF & E7 2] 2] SPSS (12.0 for Window)E ©]8-5}
ol AL SEutet Py HR Y BAM FE QL F 2

& Adsted 7P ERol Hi dARIA dotrud  F

I iz 3 W At

20074 6U5E] 20099 49714 U] T A
off Ty B4 Fore] AR 9ol YAYE B4 F P

F71700] 10 o4, A4 WARHA] 45 o), Wagner 1. & 22| Xfo] Hlm

grade Il o<l WhY AP $4 132 o2 T8 13Y F Avad £k B2 5 @ RN o] 45
2 2 BE BAE a2 WASAES Adste]  H2WS Agdshy, iy B mE yolglom 3
vz 9w ze| n)yE I UAg ANGGo, £%  (infectious group) 70%, BIZHIE (noninfectious group)
U o} HuE GAPA| o] o] WBC ESR, CRPE 7Jek & 22o|ela, thtel whE B Ay Hult £ 2
TR W AAH(RMA B, T D AF UG, FID o] ST Holsk YUk (p 0466 p 0.187)

M2)E Astoic. WBC29] -2 7h98 10,834 /ul. £5,7317} ]7-4]

F

A
A&E IAES 7Y+ (infectious group) .2, ¢
W Z2A BE o] HEEA 2 FAES HE
o=

H =2 = =] L
woP?‘iF—, ﬂ‘r}—a =

o2 N

(non-infectious group)

Z2] T 7k oAt o] HEE k= & dtollA A9 Zroll Fofgt 2pol7k A

AlF ). E3F WBCE 11,000 /ul,, ESR2 20 mm/hr, CRP+= 9 W Al AL A
5mg/L ol A5 A Y PR sttt 7] I A 2] 0] Hatgh vl A
B} Zx do HAks A9t Bz Akelol 7 @l of FoJgt Zpo]7}h glict (Table 1).

Table I, Comparison of Clinical Data, Inflammatory Markers and Other Peripheral Blood Tests between Infectious Group

and Non-infectious Group

At Characteristic (ROC) curve&4-& A

of3tel BB FAHOR il G A0 WHdt

@, 4]

2]
LR

145FSATE P ko] 0.05

= WA AR AT Z2A] BERoA ool o 7,559 /ul £2,783 (p 0.001), ESRS] H+2 7HEt 90
2 mm/hr +359} ¥ 7+ 55 mm/hr + 34 (p 0.000), CRP2]
= PFe 7r 787 mg/L £85.17 v|ZFAE 155 mg/L +
Z  295(p 0.000)°.%, %= %3l WBC, ESR, CRP: &

7

Al

Infectious group Non-infectious group p-value
Age (years) 62 (+10.0) 65 (£10.3) 0.466
Gender (%female) 23/70 (32.9%) 4/22 (18.2%) 0.187
WBC (/uL) 10,834 (+ 5,731) 7,559 (+2,783) *0.001
ESR (mm/hr) 90 ( 35) 55 (+34) *0.000
CRP (mg/L) 78.7 (£ 85.1) 15.5 (£ 29.5) *0.000
Hemoglobin (g/dL) 10.3 (x 2.07) 11.3 (£ 1.62) 0.053
Albumin (g/dL) 3.45 (+0.54) 3.69 (+ 0.38) 0.052
Fasting glucose (mg/dL) 148.9 (+ 65.6) 110.4 (+ 38.8) 0.075
Postprandial glucose (mg/dL) 192.8 (+100.8) 234.1 (+70.8) 0.240
HbA1C (% of THb) 7.87 (£1.75) 745 (£1.42) 0.299

WBC, white blood cell coumt; ESR, erythrocyte sedimentation rates; CRP,

*p-value < 0.05.

C-reactive protein.
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A Zrdo] Sl Al 5 AAFEIE R Y-S YRl

W= (sensitivity)= ESR©| 96%, CRP+= 84%, WBC+=
30% %t ol e A A 34S UEhde
Eo| = (specificity)x= WBC7} 86%, CRP7} 50%, ESR-2
14% ek AAMET A FolA AAl ddEs Uetd=
kA o &= (positive predictive value)+= WBC 88%, ESR
78%, CRP 84% %111, AAFAY} S7d50llA AA Fredol ofd
89l 24 d|&% = CRP, ESRo| 50%°]1L WBCZ} 28% %,
t} (Table I).

3. E3X|ES2
Characteristic) curve

9lo) mi7tEel Bo =g olgslo] Wt A= o}

%] 9J5to] SPSS 12057 T 1HL o] 85to] wighEet

-5ol=E I ZE YEhd ROC curves 4510, 374

| ROC (Receiver Operating

2 |
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> 0.6
= e
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e 5 = CRP(mg/t)
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Fig. 1. Receiver operating characteristic curves of erythro-
cyte sedimentation rate (ESR), C-reactive protein (CRP), and
white blood cell count (WBC) in the diagnosis of diabetic
foot infection, The area under the curve was 0.75 for ESR,
0.78 for CRP, 0.72 for WBC.

f 34 ¥ ¢ 738k3] %] Vol. 37, No. 4, 2010

ofgl] ™24 (AUC: area under curve)2 F5-tt 41 o}
W2 (AUC)2 CRP 0.78[95% CI, 0.67-0.89], ESR 0.75[95%
(I, 0.65-0.87], WBC 0.72[95% CI, 0.60-0.85] =, CRP7} 7}
E2 e eI (Fig. 1).
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Table Il. Sensitivity, Specificity, Positive Predictive Value, and Negative Predictive Value of Inflammatory Markers

WBC (> 11,000/ uL) ESR (> 20 mm/hr) CRP (> 5mg/L)
Sensitivity(%) 30 96 84
Specificity(%) 86 14 50
Positive predictive value(%) 88 78 84
Negative predictive value(%) 28 50 50
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k' ESRS ALIFAXARS] TEST 1 Automatic ESR
Analyzerg o]-gsto] S43+5aL, AJd, Aol okt FhaL
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714 AR 7ML Qs AL st 20mm/hr 7]
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ESRL WIZFE7} 96% 2 =2 Hl, Eo|Els 14% 2 uj&
kTh ol= AAl Aol = AFe] 96%7F ESRo] 20k Th
o wh, ol gl AR 86% = ESRo| 20kt A=
AL o)ttt CRP= Y77} 84%, E0|%=7} 50% = ESR
Hoh HxpL 32 SR o] §lE Ale] ARl =
CRP7} S7F8l] QIThaL & 4= Qltk 1A witeel Bole

E o} #o17] Yelir= AlollA AME3HE ROC curve
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o] 9IZHE 83%, Bolk 77%= Hthol| 7 5835 Zlojeka
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