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Background
The prevalence of leprosy has almost reached the goal of World Health Organization. Accordingly,
attention to leprosy and the number of skilled doctors who can diagnosis the leprosy upon clinical

manifestations were decreased which caused the delayed diagnosis of leprosy.

Objective

Serum C-reactive protein, interferon gamma-induced protein 10, anti-phenolic-glycolipid-1 IgM
are biomarkers associated with multi-bacillary leprosy. Therefore, we investigated whether the
use of multiple biomarkers has diagnostic value.

Methods
The samples were collected from August 2012 to December 2019 at our institute. Through various
statistic methods, multiple biomarkers and equation were compared in multi-bacillary patients,

pauci-bacillary patients, contacts and different skin disease.

Results

Samples were collected from 21patients (17 multi-bacillary, 4 pauci-bacillary) and 17 from
non-patients (7 from contacts, 10 from other skin disease). Serum level of C-reactive protein,
interferon gamma-induced protein 10, anti-phenolic-glycolipid-1 IgM and equation showed
statistical significance compared from patients to non-patients. Comparing multi-bacillary
patients to pauci-bacillary patients, only anti-phenolic-glycolipid-1 IgM showed statistical
significance. Each area under receiver operating characteristic curve of those biomarkers and
equation was 20.70 and p<0.05. The results of Equation using 3 indicators showed higher area
under receiver operating characteristic curve and lower P value compared when each indicator was
used. Also sensitivity and specificity of them presented meaningful data.
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Conclusion

We confirmed that using integrated analysis of three biomarkers is more significant than the

single indicator in the diagnosis of leprosy. In addition, the use of multiple biomarkers is thought

to contribute to the management of leprosy in the community.

= key words: Biomarker, C-reactive protein, Diagnosis, Interferon gamma induced protein 10,

Leprosy, Phenolic glycolipid 1
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1) CRP ZAH

CRP Y AArs et =g A
UG YA QJRIBERTE HHI(HY)oIM BHS
2245+ AU CRP reagent(OSR6147, BECKMAN
COULTER, U.S.A.)Q ¥t A7 (AU400,
OLYMPUS, JAPAN)Z 0|23 CRP Z A7}
MAIEATE. 2MTI0IAM 2 HAH Z ZHol
AtEO 2 AEEIRUCEH THQE mg/LO|C

2) IP-10 A

IP-10 HAt= AHg BIE(magnetic bead)
718t BAAUHAZAHA HALZ BHAOI
gEol vlel YA HHZ LA Us
MAGPIX® System(Luminex, U.S.A.)2
o|&56t] HAl(ME)oM UYL 226t IP-
10 YHI7IE(Millpore, U.S.A.)2F MAGPIX®
System(Luminex, U.S.A.)2 O|28}0] £U51Ct
YAHIFIES T2EZO 2k xPONENT®
AT EQo{(Luminex, US.A)E A28 27
MEBE 2F A2 IP-10 YUILE HQISHYICE.
A= pg/mlo|Lt.

3) PGL-I MG A
PGL-1 YHIHAHS SHAEHAZ2IN ARHUC

i)

E

2 ATE shlly BAHTHEY(MB) U 7Y (PB))
210, 2Apto] YUY A=A (contact) 70,

Table 1. Study cohorts

UG AHAO] oJ2ISHSCE PGL-I YHIH A= PGL-
Gg2 2 U3YH ND-0-BSAE AAMItHS L
O|NtTHY} DI EY A R4 wLH A Zgror
AL BEGITE. A (HY)OIN WHE 2istol
LAY ZYI|(GEMINI 6280, STRATEC
biomedical AG, GERMANY)E At85+ 7t
HAAVUASHAATL HASRCT ZYYL 2
42l 0DZt(optical density value)ofl 10002

Soto] A5

4) Al

NCSS(U.S.A)2 NCSS® 122 A3t 237t
MR 2YUS EAM0lE Mann-Whitney
U A%, Kruskal-Wallis H 4%, 0|29 ZA|AY
SIHEMEZ HAIGHRL, 2 A A g Y
2712 Oj2Y 2A|AE LFLAO| O[5+ 371R|(CRP
BY o, IP-10 PAF 2t g, PGL-I GAIPA 2ot
WEEAR0IM 71Z0| ElE YZT Yol %8
Y AEE YAl o3t ZE (0I5t Equation,
P=ea*bx/1+e2"®) 2| At60] ROC(Receiver
Operating Characteristic) 2412 0|22} 2 o2y
FY (AUC)O| Alhtstn, 2t HEAIE L Equation?]
21219] 7|12 2t YoudenQ| A7 At A
£0|& 2 AALE AHESHIC

ohMley ZTHATS ol Y HoM EU
2 OE mEA(control)Z 7t 1000IM
AAIEIRACH(Table 1).

Group Numbers Age (yr) Male/Female(%)
MB 17 21to076 65/35
PB 4 31to 68 100/0
Contact 7 32 to 67 43/57
Control 10 251079 70/30

MB: Multi-bacillary leprosy patient, PB: pauci-bacillary leprosy patient
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0|2Y ZA|AE BIYZAMo| o5t 37FA|(CRP MY g, IP-10 HAAF A 3, PGL-1 YHMAA 2
FEHLKOIN 7120] EE YR7F Lol Y& U 10 Qo MEE YYAof o3t LE(Equation,
P=eat+bx/1l+ea+bx)2 F6tH, I HhHo]| AHEE ZFE Table 2 9 ZHCY.

Table 2. Variables in Equation(P=ea+bx/1+ea+bx by Logistic Regression)

B S.E, Wald df Sig. Exp(B)

Stepa 1 CRP 323 370 .761 1 .383 1.381
PGL_I .002 .001 1942 1 163 1.002

IP_10 .003 .002 2.378 1 123 1.003

Constant -1.696 .719 5.566 1 .018 183

a. Variable(s) entered on step 1: CRP, PGL_I, IP_10. CRP, PGL_I, IP_10. CRP: C-reactive protein,

IP_10: Interferon gamma induced protein 10, PGL_I: anti-phenolic-glycolipid-1 IgM.

1. &% CRP, IP-10, PGL-, Equation 22 B2

=4 CRP, IP-10, PGL-I, Equation Z+2| B|woj|A],
CRP 32 & 2E(%2t Y &2t ZY¢2
S22 Q95 2t0|(Mean rank= 0.1900,
0.0700, Mann-Whitney U=96.50, p=0.0148)7}
UNRCH, IP-10 F2 F 28 YU SAXCe=
2095t 2}0|(Mean rank = 552.6, 114.5, Mann-
Whitney U=89, p=0.0077)7} YO, PGL-I HL
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T O 5YUE SAH2E 2%t 20|(Mean
rank = 495.0, 217.0, Mann-Whitney U=106,
p=0.0329)7t UYPC D, EquationdL & 227!
ZH7He EHZOZ QO|$t 2}0|(Mean rank = 1.0,
0.9987, Mann-Whitney U=87.50, p=0.0045)7}
AU (Fig. 1).
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Fig. 1. Serum level of CRP, IP-10, PGL-I, Equation (by Logistic Regression,
P=ea+bx/1l+ea+bx) comparing leprosy patients vs non-patients.

Group differences were determined using Mann-Whitney U test, the statistical significance
level used was p < 0.05. Patients (Multibacillary leprosy patients & paucibacillary patients,
non-patients (contacts and patients with other skin diseases), *** >0.001, ** >0.01, * >0.05,
ns: not significant.

Y% CRP, IP-10, PGL-I, Equation 22| HImOjIA], S & 12 Z2YYLS EAHXOoZ 295t
CRP 32 & J1E5(ta7d ¥ da ZYUL  240|(Mean rank = 583.0, 14.00, Mann-Whitney
EAZ02 Q9%+ 2t0o|(Mean rank = 0.2500, U=1, p=0.0007)7t U} LM, Equation L F
0.1350, Mann-Whitney U=16.50, p=0.1233)7} D2 2YYL EAHOZ Q9|3 210|(Mean
AUNCH, IP-10 F2 & 28U SYUL FAK= rank = 1.000, 0.9999, Mann-Whitney U=27,
Q9J6t 2}0|(Mean rank = 950.3, 122.1, Mann- p=0.4374)7} AACH(Fig. 2).
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Fig. 2. Serum level of CRP, IP-10, PGL-I, Equation (Equation (by Logistic Regression,

P=ea+bx/l+ea+bx) comparing MB vs PB,

Group differences were determined using Mann-Whitney U test, the statistical significance
level used was p < 0.05. MB (Multibacillary leprosy patients), PB (paucibacillary patients),
***50.001, ** >0.01, * >0.05, ns: not significant.

®% CRP, IP-10, PGL-I, Equation 22
HIROIM, CRP %S 4 1E(U2Y, 829,
HE2L EF IEAS HA(control)) 2t EHYULS
Kruskal Wallis H 432l 21t QoL 0fA
p=0.0442(Kruskal Wallis H statistic= 8.092)2
ALz QOlgt 2107t QUUCH, IP-10 F2 4
I8 22 99Y420M p=0.0087 (Kruskal

Wallis H statistic= 11.66)2 EA|2O2 Q9|st
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2t0|7 QUUO D, PGL-1 HL 4 227 2HYL
89/420|M p=0.0001(Kruskal Wallis H
statistic= 20.87)2 SAIH{22 {93t z}0|7t
9140 0f, Equation AL 4 1272 2L
89/420|M p=0.0012(Kruskal Wallis H
statistic= 15.81)2 SAHXOZ Q9| 2}0|7t
UACH(Fig. 3).
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Fig. 3. Serum level of CRP, IP-10, PGL-I, &Equation (Equation (by Logistic Regression,
P=ea+bx/1l+ea+bx) comparing MB, PB, contacts, control (CRP P<0.05, IP-10 P<0.01,
PGL-I P<0.001, Equation P<0.01).

Group differences were determined using Kruskal-Wallis H, the statistical significance level
used was p < 0.05. Patients (Multibacillary leprosy patients (MB) & paucibacillary patients
(PB), contacts, and patients with other skin diseases (control).

2. 9% CRP, IP-10, PGL-I, Equation Z}2| ROC, 2IZE % E0|% H|w

CRP, IP-10, PGL-I, & Equation® AUC(area under ROC curve)= 22}t 0.730, 0.751, 0.703, 0.8122
25 0.70 O]44o|1, PZFO| 0.05 Olst2 ZRITIRUCt £ 37+A| A|EE O[3+ Equation®] Zit= 2t7H9]
AIRE AHE Al BT AUCE =2, PEE2 S ERISIUTH(Table 3).

Table 3. Receiver operating characteristic curves (ROC) for leprosy patients compared to

controls showing all 3 makers (CRP, IP-10, PGL-I, and Equation (by Logistic
Regression, P (Equation) =e*"™/1+e*"™)

Significance level P

Variable AUC SE*® 95% CI° (Area=05)
CRP 0.730 0.0874 0.561 to 0.861 0.0086
IP_10 0.751 0.0827 0.584 t0 0.876 0.0024
PGL_I 0.703 0.0923 0.533 to 0.840 0.0278

Equation 0.810 0.0732 0.650 to 0.918 <0.0001

* Delong et al., 19888, b Binomial exact
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Youden indexQl7|2Zf2 2 AZ3SE CRP, IP-10, PGL-I, 2 Equation? 214 & & E0|= CRP 4=

&

% 0.10]l 80.95%/64.71%, IP-10 L= 7|12 4t 436.0401 57.14%/100%, PGL-| F2= 7I& &t 3260i

66.67%/88.24%, Equation 2= 7|2 3t
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Sensitivity

0.999999984011 61.9%/100%Z HQI=IAUTH(Fig. 4).
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Fig. 4. Receiver operating characteristic curves(ROC) for leprosy patients(mutibacillary(MB)
and paucibacillary(PB)) compared to non- patients(contacts, and patients with other

skin diseases) of all 3 makers(CRP, IP-10, PGL-I, and Equation(by Logistic Regression,
P(Equation)=e*"™/1+e*"™)

ROC for leprosy patients compared to non-patientscomparing all 3 makers(CRP(red), IP-
10(blue), PGL-I(yellow) and Equation(green).
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shAigo] 9820|917 10,0009Y 1% O|Pto 2
Foil Tek, 2kA oHlle 1% IA7HolM 332U &
HZ A THAEOl AHQIElof O 227t YBk 950 &
THe| D SR QANMETL L27F AR Olof| W
2t 21T AJo]| SHMIg A 2 53 ZJOH HEH 37t
Y QAL 2%k 2|7t ERUCH. TIL0| QYEO b
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5| 3% U dEOIU ShlYy &ALE E4 7t
ROlIN LHSE| AT BIHET HPS SHE 6
SHAIY ZHEJAIA| SHoll HSHAI HAE 288K oF
Z10| 2YSHA| QA el QITH,
0| Phenolic Glycolipid | (PGL-1)0f| CHt

o] 232 M 251 U ohilly U AHol 52
Yot A0 QYD BIFY(PB)OIA O Bt

S YetHoz B2 SRAIP =2 Mid Bt Qle
k2.0

Lo e do Jm

TP (MB)OllAM = PGL-I0f| CHSH IgM 4| ¢
At UHECHS. PGL-| HIE HESHE AT 2

o HAPE FHL RO L, 7H2 40| HISHE|O] OF
2] SZo|M G2l AFRED QA= UTH, shMllge
Ud 48 T Y 38Y dH7E =3 QAo QJsH
AHE= AHES 2302 H|nZ LAZOl AW
Y U 20 A UEY TR 242t Thl Y Th2
APO|EFIQI T2 YL BORTHE, PGL-I0] THEH &
A 222 2Yste 2 Aoz 220 IP-10
(Interferon gamma-induced protein 10)1 Z2
o LY AFO|EZHRIOf THEE RVt HIH7 L 24 el
Bolofl 7|fYCHe BTt JUTHO. & S YEY F
ghof| CHot QI HEARZ 7I8H 29 9371
Ui CRPO 2Jo|= BNEUCH?. M2 21T Y
AHOIIA] MIZE 2 AW Y e HBAEES ZYot
HZ0| 7k217F QUTH AR EICH IP-10, CRP 9] Sl
ol THE RIZ= 27t 59 EnEWP 2 2ot shil

Y AWEY Mutol| X U Z4F o TYst Yu
IS TS| Ao MIE Y 4| HY 23 22|
HIt 1T QAo ZEE|ofof o ZI0 2 AR EICE O]
B HL0jl M "% CRP, IP-10, & PGL-1 29l Blu0f
A SR} T UL 2 2Y7FL EXHoE BE

F 210|(p=0.0148, p=0.0077, p=0.0329) 7} U

L, e ¥(MB) U S#YP(PB)Zt SHAUL PGL-
[(p=0.0007)2 AlQst2 UHA|= §AHIHCE Q9
63_ 2|_0|7I_ EI' Olh 27‘_!__1 Eﬂ%15,19,23,2494 é
e} ZHo| ojet Aol ALRSH HBAIREL THFY
(MB)2 Sho2 ot &ALe} HIRALY THojl= O
ojoj7t QoL Bi@YOl Tolls 0joj7t giittn
ARECE O T R?Y(MB), B3y (PB), BEAH U
Bt MEA Bt YT SAHZ2Z {943t 2t
(p=0.0442, p=0.0087, p=0.0001)= o1 &
27t AU, E3| 2lFF(PB) THA ol 240 o|2{ot
A7 U2 202 Atz EIC

Ol A0l AHESE HEAEES THFY(MB)S 3
O Z I SRLQL HIIR}Q| THO|= O 9|97t QIO
L, elgeol THgolls 1 o7t iRiTh SlZ%(PB)
Ol A PGL-IOf| CHSH A BHEPte 2= HALE AY
SHe Gl 2611 Qo M4 Y MZ o 2k
0|20l o2 YERIEQ HZEO| WAL, &L
anti-PGL-1 IgM, IP-10, CRP £22 C+#%(MB)
b 20| QU= PHA, ApoAl B S100A12 &2
S B IAE(OEY U YFY)S LSt ol 88
WOD| ApoAlS BIZY(PB)OIMI 7ty 203+ B
MEBAEZ YOIZIUCE, AT 2T TYSH HEBAE
7t ZYE TE ALV HQY 202 At ECL
THE AYOM o YIARE FAI0 YFH2z H
Z2YOZMN 2T 20| El= THYSAIEHAL
(multiple biomarkers test, MBT)E & &t= o
7t BOE|D QUG ZeW 20HEA BAYGT Y
HSGHAYof| THE o2 YWY W HBAESE Y
T F7reto] 9Jo7t B &N QITH O AHILO|A O]
2Y 2A|AH ZYEMo]| ot 37FR|(CRP HIH 4,
IP-10 HAF 21} g, PGL-I FAHIFAL Ak ZH)FTEHA
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LO|M 7|20| El= YR7L Uolg YE U MEHY
A0 St GF(P=e™/1+e™™) A|MSEI0] AtL
5t Equation 2t st CRP, IP-10, PGL-I, &
Equation?] AUC(area under ROC curve)= 2}2}
0.730, 0.751, 0.703, 0.8122 2% 0.70 O|¢0|L,
PZrOl 0.05 O[stE QUEIRUCE EF 3712 AEE
0|83t Equation?| Atz 270 A|EE AHE Al
2O AUCE A, P2 YA HIEI%1, Youden
index?| 7|& Q2 AZESHCRP, IP-10, PGL-I, Y
Equation? L= B EO|EE= CRP FL2=
80.95%/64.71% (7127 0.1), IP-10 F2=
57.14%/100% (7127} 436.04), PGL-| QL
66.67%/88.24% (7123} 326), Equation F&
61.9%/100%(71&3}F 0.999999984)2 QI
Ch YSAEE UE02 AHESIYS R &0 §
A 290l U= HHS Y 2 UACTHD AtZHCL

O AT J7F CHFY(MB) BUBCHD U2l 4y
SAESE X2 £2 HAOZ ASIFCHS HolA
0| YHFHO 2 HGAF|E Tl SHAIZH QITHD AL
SICE CHOF Of3y 4 % |ES S G ZAKStol 02 &
orsto] THAO| ALBSI0] 1 984S Yol 5L
447r =] Ar ST YU O UL AL B2

oAY(PB)S mHSH=O Q8% ¥SAEE
AP%‘.’J 27p H7F WRSICHD AFREICEL £H 2 7

gon CHSH P7te DA SO|E0) Yape 22 Al
S Aol MY 712 3 MOl 222
2(SAbe] L SHAIY B2jofl 2 71018 & HOB AR
Bk,
4 &

CRP, IP-10, PGL-| Y| QA ZtE 0|83t 5
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