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Abstract
Acridine orange stain of Mycobacterium leprae

Jong Pill Kim, Min Seok Lee, Jeoung Won Kang

Institute for Leprosy Research, Korean Hansen Welfare Association

The Ziehl-Neelson's AFB staining method was mainly used for the AFB
observation of the diagnosis of leprosy. However, the fluorescent stain
performs better and allows the detection of more positive smears. The
limitation for its widespread use has been the high cost for fluorescent
microscopes. Novel light-emitting diodes (LED) are inexpensive solutions for
fluorescent microscopes, and thus fluorescent stain may be a cost-effective
step to improve the diagnosis of leprosy in resource-poor countries. And the
comparison of auramine and acridine orange for staining of acid-fast
bacteria was showed significantly more acid-fast rods after using acridine
orange and the number of “false positive” results was somewhat higher on
auramine staining. So acridine orange offers a good alternative to auramine
which is considered carcinogenic.

This study evaluated the comparison of the Ziehl-Neelson's AFB stain and
the acridine orange stain in the skin smear based on PCR. As PCR results
were taken as gold standard, results of the study revealed that the
sensitivity of Ziehl-Neelson's AFB stain was 50% and that of acridine
orange stain was 92.2%. This study confirmed that the fluorescence stain
method is more sensitive than the Ziehl-Neelsen's staining method. It is
suggested that the training of laboratory technicians on fluorescence
microscopy should be scaled up for increased disease control.
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1) Acridine orange M4 E o] &3 3
FgA

Acridine orange® AlXule AL =
Bl GAg o JAA S Smithwick™®
=d] 9%t phenolic acridine orange®H
o2 BF B A7doA AxRI Al A}
£3t9l2m (Table 1, 2), SAYHE ol
o Woz P Aoz AYPS HA



gt (Table 3) H7A Al A€ W72
CyScope® PH(Partec, Gérlitz, Germany)
o|lH excitation 455nmolA 2734 T}

Table 1. Phenolic acridine orange solution

oA 9] acridine orange ¥3FA : AFH, oWy FAHY

dn Sl YU §U9E PHom AP
At (Table 4, 5)

Table 4. Pre-treatment for AFB’s stain
of fluorescence stained slides

Reagent vol Step Time
phenol crystal 5g Xylene 2 min
Deionized water 50ml 100% alcohol 2 min
Glycerol 25ml wash (in running water) 2 min
95% alcohol 25ml Drying 30 min
Acridine orange 0.1g

Table 2. Destaining solution

Table 5. Ziehl-Neelson's AFB stain of skin
smear

Reagent vol
95% alcohol 74ml
Deionized water 26ml
Concentrated HCL 0.5ml
Methylen blue 0.2¢g

Step Time

Table 3. Phenolic acridine orange fluorescence
stain of skin smear

Carbol fuchsin sol (gently heat the stide) 25 min

wash (in running water) 10 sec
0.1% HCL-alcohol 1 min
Methylen blue sol 1 min
wash (in running water) 10 sec

dry

Step Time

Acridine orange solution 15min

wash (in running water) 10 sec

Destaining 2min

wash (in running water) 10 sec
dry

2) Ziehl-Neelson's AFB 94
Acridine OFAg &ol=d FHJHN]
Aoz A7 F FUT &Fol=E AFB
FAg AAIZE, o] 93] acridine O
At &elol=o ] AFB |4S %
AXYE Ao, AA7 8¢ & AFB
AL AAZtE, AFBEA-E nlo] 1|2
ofe] giHdE THIe FAYPOE AN
oke BT B AR Azt Al8-3
i, LM E B d7dolA H2 AY

3) Y+ DNA ¥38 ¥ PCR

Acridine O 94 ¥ AFB |23 &g
olze i3l Uit DNA H= ¥ PCR=
At HAAMZE AA AAT FFL
acridine OGAg &gtol=od di3] AFB
AAE gt AAT WHI FL3A AA
goh AAE7E 3 F PCRe 9% U
DNA A&<S AAsIAth 20ml €71 &
Zol=E Y3 QiagenAte] ATL buffer
(34 ZA: Tris-HCl 100mM, NaCl
200mM, SDS 0.2%, EDTA 5mM)
15mlE §& & 56CdA 1247 A3t
% QIAamp DNA Investigator KitE ©]
43l QIAcube® °|&3te U DNAE
28kt

PCR& Al2&AlE= Primer-BLASTE ©]
23t YUt RLEP4(X17152.1)e] ti3k
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A&A (Table 6)E A28t PCRS A3

PCR AHES QIAxcelZ o] &3l 7|

&k PCR 2742 95T 30%, 59C 30 %3l 93t Wle ARE Felsiyr,
Z, 72C 30% 283 WEIGT. SZH
Table 6. Profile of primers
Sequence(5'_>3’) length Start Stop Tm GC%
forward ACCATTTCTGCCGCTGGTAT 26 45 59.74 50.0
reverse ATCTGCGCTAGAAGGTTGCC 179 160 60.46 50.0
Product length  154bp

4) F3dA 484 A7t

Acridine O%3FHe 484 H71E
Aa) EA #A AEA JH(LAH AL
104, 373 ’“EUA} 4‘1‘)011 sl |4
2% BEClF 2 BEAZ 5L BET
ARl FEYF P4 dTE 7]%&; 5
d o, 6ol 20, 20 ooz 3
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& 9 9xE AgAs7 2(BI=2)Y Al
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J']'EC:] 58L& 7]‘1-_9.i 0}93\:11 1
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8 A Ag Aoz wASHAY. Acridine
QA ehol= A7 Ae J2ARY A
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i o,
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1. ZAL L&A}

201349 49 1< #¥ 8¢ 30¥€7HA &

FAEX P A7l g SHAALY
WdAFE] o8] skin smear® A&
sglolzo] =% ¥ Acridine orange A}
£ o] &3t FPFA, Ziehl-Neelson &
, Y DNA AZ ¥ PCR €22 A}
AA T ddAE 109822 IR} 69
A7t 40HLeE o5 Haueole
62.8A01a1, thEFEol 747, 3dFHo]
357 ot

9& w2 B

1) Acridine orange A4E& o434 3
P44 2 Ziehl-Neelson's AFB
44

Acridine O®4Z43} 109¢] F 3449

A @B AAcm Fo| }elFYo

o, Ziehl- Neelsons AFB g413 &g}o

TE PR AT F Y &

o]z 2 AFBEA Zdae 1094 5 1649

oM dAwE HAo=z ol BAFUT

(Fig.1-4).

2) Y+ DNA #32 ¥ PCR

Acridine O 94 & AFB |4 ??_ <t
olzo] W& Y DNA AZ ¥ PCR Z



I} 109¢ F 2849 A7|FEF & 2]
Qe M=ot FRAHAT

3) 449 2 PCROl W& vlw
Acridine 04 % AFB |43 Z#&
A3t B Acridine OGA oA A<l
344X AFB 42 1547} &3 (44%)
o] AL, AFB FAA ¥Fd<d 16
A= 154 (93.8%)°14 Acridine O
o] Fgoz A (Table 7).

Table 7. Result of Acridine O stain &

YFol M9 acridine orange B384

HEL, oWy, A4

£E 7]%(gold standard) o2 nHE uf )
7} AFB @AdA ez IRIHJITY
(Table 9).

Table 8. Result of PCR & Acridine O stain

PCR
pos. neg. total
Acridine O  pos. 26 8 34
neg. 2 73 73

total 28 81 109

Table 9. Result of PCR & AFB stain

PCR
pos. neg. total
AFB pos. 14 0 16
neg. 14 2 93
total 28 81 109

AFB stain
AFB
pos. neg. total
Acridine O  pos. 15 19 34
neg. 1 74 75
total 16 93 109

Acridine OF4 & AFB |43 &go]
zd ol Y+ DNA #HE ¥ PCR ZAH
BAste] B Acridine Og49 3%
3449l FgAtAA 264 (76.5%) A
PCR 74 9v e W=yl FAHAL,
PCR ZAAF % 91 & W=7t gedd 28
o % 269(92.9%: WA=, 90.1% E9]
%, PCR ZAF 2 97 e H=r) e
A$E 7]%(gold standard)ez 1HT
)7} Acridine OGAA ez 39l
H9H(Table 8). ¥, AFB g4 A%
= 16919 FAAFNA 144(87.5%) A
PCR 74 9v e W=yl FAHAL,
PCR ZAAF % 91 & W=7t gedd 28
o % 144(50%: WA=, 100% E°)%,
PCR ZAAF 4 v Sl= Wi=rt 8914 4

o [

4) 33948 484 A7}

Acridine OFFFAHe A8 H7ME
A 2A #A A8 AL EA 10
o, B8y AL 49)d s g4 A}
=5 9 #BEAZ 5 Hrieie,
FHHGF FA A58 7IE0E 5 ojf F
AR T (D73 EIA 39, FR 449
AF 49), 6d0lM 209 FAAE 39 (YA
WAL 3%), 20 o FAMAE 4% (94

WelAl 4%) 5ol Wrlel Belsiat

AFB @4 th3t 778 F7lellA 5 o]
W FARE 78 F 598 (71.4%)2 5%l
WETE 2.58)90, 6 ddA 208 SAARE
3% F 3%(100%), 20d o FARAE
4% F 47%(100%)< S5EIN (BT 4%,
3.5%) #=33tt (Table 10).
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Table 10. Result of reading of AFB stain

6-20
< byears years >20years
AFB ,, mean 2.5 4 3.5
time(min.)
success
rate(%) 71.4 100 100

Acridine O] tigt A7 oA
YzARY] 282 FUAS A5 5d oy
TAAE TH F 100 (71.4%)& bH¥-o]
WEET 2.678)d, 64X 20 FAMAL
= 39 F 2%(66. 7/) 209 ol FAb
Ae 44 F 3H(75%)2 STl (HT
2.5%, 2.33%) #EsYTH(Table 10).
g g ZzARRLY] ERE A FA &e
3¢ 5 ol FARAE TR o] 59
W #EIR] Eal¥a, 63A 208 FA
A= 3% F 1%(33.3%), 204 o F
AAE 4% 5 1% (25%)2 SEIH(HT
5#) B3 TH(Table 12).

|

=

Table 11. Result of reading of Acridine
O stain with help

< byears

>20years
years

Acridine  mean
(+H) time(min.) 2.67 2.5 2.33

success

rate(%) 100 66.7 75

Table 12. Result of reading of Acridine
O stain without help
6-20

< byears
years

>20years

Acridine mean 5 5
(-H)  time{min.)

success
rate(%) 0 33.3 25

8] Ziehl-Neelson €4
2} ‘5‘5 2 "01 AFAQ FAHo R A48
A7 HE&d S A
Ziehl- T\Teelson AL AAA g E3] 7Y
EZoA Ho] AMgstm oHi zEy
auramine®@ Fg o] Ziehl-Neelsen G4
o vl =& AT WE A|7F Hok
A gt o8 B} Q318 Tenover
e A2 ¥R HEAHY Ziehl-
Neelson 3 7 AHg-st= AS AARY A
7HS Zo)7] Y8l #BASt 13, Ulukanligil
562 FpAme Azt L HE FHA
o] ZAAHoloN 53| B FAE Al
3= RoA= ARge] AR St
thub AA} 2ARake] EFA Mo g3k &
HAx7F YFdelv 34 Z2FE oWt
Zo3it). A dakdt A A e
TAAE GEE 97X, F 7R AARE

EA0] Asta, WG olke) A
FBaag JlBos s PHL AdH

Auramine 33942 H|E 7]£9] fuchsin
A2 ARGl HlE] #E A S =
W7l AL, ARE A AR o gl U
g g grh=d, Ziehl-Neelson A
AL Bl Awd + dvn Eadue
UAIRE, 5o FPxZAEC] YJAHOE 2
g & Iz’ wl7 &Bo] potassium
permanganate°] 93] Ao} dibd-S
Z7] Q13 W7 ERE BI7) o B4
7h A

Auramine orange
Hagemanel 2J&] A2
ol gk FFF A

gAare 19384
AAE olF G4
Agsa g



Richards $%'¢] ®E1slgth. Katila®}
MantyjarviZ?e  AAEA acridine
oranges AT FFIAMES FHUBIAE
o], o] ¥WH<L prestaining acidification
GA7E 2313, phenold &8 barbital
S TIA] G EA Ak ARESHA,
@A 277 A" S T
Smithwick 5% <8l  acridine
oranges AM&ste AZE it i
FFAMo] A7REATt. acridine orange
G Aty g i RFA Ak F A
T 79 A9k AFEET auraminedd
Ao "3 FH2MA FIA] b A
Z7] gt €& ZA o2 HFAHA
ZZyg9 H|5o] dao] & Uehd, acridine
orangeg§4°] auramine@AHEc}t ¢ $-¢
sitta Bt &3k o] AJ2§ acridine
orange FFFAL uwlo| Aot AE
g 53 AL FHE A7) Y3 A
529 ikt GAo|M e} Zo] phenols
AHEE, 671 A= AL&o] 7Hssitt.
Acridine orange §@4¥ 3Lk 9
AMor AAMOoZ  FP& Holl,
acid-alcohol B4 §-9°] methylene blue
= HEgd 274 B3 @n|3eAN &
F YA & Hadog JAazgith FFH
n Ao = methylene bluee WA %
9 P Adsrle AT, g
A Fgol Jits U] Y% 2 &
PG PR Hol|y] wfFo, ikgo] H]
x& A B, HL 33 242 AY
Ho|x| ¢kol #A dite A dFTt.
FAEH &FPolmg o]FE Fo| H{T
7% acridine orange @€ ikt 3
3 Aze 2 ¥4 7 S Zen

acridine orange {4 #<I3k wlo|zu}

12w

2 DN

YFol M9 acridine orange B384

HEL, oWy, A4

Hglob= M. tuberculosis complex, M.
avium complex, M. leprae %°|t}.
Kalich §%& vwlo]zue|g]o} gadA 2]
acridine orange 947 auramined 2|
f&74 v]xddlA acridine orange @4i°]
9 oui7t gidlen, A= AA e
U 14 E 9 Solxrt £0a Husigith
nto] ZHte| 2o} wjgdg o] &3 mlolz
e 2lolE 3] 9% acridine orange ¢
A3 guramine@Xe] g Katilas?*9
H AT 7%NM Fdol e, acridine
orange°lX HFH F =40 HiER
ool Al&gh Adhd AALR el o
T auramine@X9 FL& dAHoR
acridine orange 942 A|<tskh.

HZ A=A AEae] Ato|x A
ol digh AFex G dig ¥
AellA wiF AHE 71 (gold standard)
o7 3198 v, W%+ phenolic acridine
AL 79.7%Z Ziehl-Neelsong4] 83.5%%
H| &3l oW, rhodamine-auramine g

(73.4%) 9 H3] Bt} =A oI},

AN E FFF Mo g Bl 3l
8 Fite-Farraco @AdA 4o
U2 ghd 65709 ZA &l F o
A& ALslil Auramine@olA S
20189 ti®. Bhatia 5 & gHAlgel %
=% &glo|zoA el Ziehl-Neelsen @213}
auramine #3922} H|wAA auramine
FFAo] o VAL, AL Y Ut
o] Rl &3t o™, AXNA e #E
% Aty H3skith.

Nayak 5°& #3d47 Hgd Fite-
FaracooZ ZAU9 UdE 1t
Heked, 59419] 2 YA Fite-Faraco
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AFB 949 3% FAEs7E 1 735l
AN Z2E WE "351301]"1 A, Hi $=A]
7+ 3 R E UegEd, ol a7t $H
vl A ghAlE T AR F83 JlE
o] AFB @4 % ZZololA 2d ZF=
3 AEAC ko] AFE]l 4% o=
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Case 1
AFB stain Acridine stain

<™

Case 2
AFB stain Acridine stain

X100 X100

X400 X400

X1.000 X1.000

Fig.1. Result of AFB stain{+) & Acridine stain(+) case
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Yol A 9] acridine orange ¥33FA : AFH, oy FAHY

Case 1
AFB stain Acridine stain

Fig. 2. Result of AFB stain(+) & Acridine stain(-) case

Case 1
AFB stain Acridine stain

Fig. 3. Result of AFB stain(-) & Acridine stain(+) case

Case 1
AFB stain Acridine stain
T e S

: i 2o =3 < [

iy

. > %
. e - 3
3 ¥ = - s 5
. 3 £ aud ,‘
8 & ; : s |
I o k k. e V

Fig. 4. Result of AFB stain(-) & Acridine stain(-) case
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