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Table1 CDC recommendations: Turnaround time for laboratory

examinations

(1) Reports of acid-fast examination of specimens within 24 h of specimen

collection

(2) Identification of M. tuberculosis within 10 to 14 days
(3) Reports of drug susceptibility tests within 15 to 30 days

(Tenover et al. J Clin Microbiol 1993)

Table 2 Macroscopic grades of sputum purulence

Category

Macroscopic purulence

M1 Pure mucoid specimen with no suspicion of pus
M2  Predominantly mucoid specimen with a suspicion of pus

P1 Purulent, grade 1: pus amounting to less than one-third of the specimen
P2 Purulent, grade 2: pus amounting to one-third to two-thirds of the specimen
P3 Purulent, grade 3: pus amounting to more than two-thirds of the specimen
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HI7F—BHTORRERD, MHEEEZ 1+, 2+,
3+ TRTZLIZL (Table 4)o TP & ) R HHEIR
BLHEAECTLFEMETH Y, 773 —FHE BEHREC
W Tw 2 ENIRAX#MPEATIE v MBI, By
FHREZWOH A K54 v O CRERBRER KOS
EOCH T F—FBEHNTVWEIETHoT2, 2O
Yit, 1+@3 7 7% — 2%, 2+3 A 7%—5%, 3+
WA 7F— 95 LHAMI THEICHW S Z & T
O L TRE NI L 72 (Table 4 @ Note BH) o
CNETH7F— 1 HERRLTWABlITE LR L,
[ — DO ED & BHAEARZEVE T2, WHER SO
B THMETRETH 5,
HEEHEO-OIZ, BUEEARL LTBCG, BEEA
ELTRBWE HVERZEREF L, EMIcem
HERF Vv ITRETHD, TBHOGWRE VS
727y bL, EEEFRS NG EITUEIIH W
HESLBREHBEIOMEL v A2 F 2y 235208
EEBICAEMNTH 5

3. EERE
1IELWHECTER S N-PBER O 5 BER 22 12 £ 2

Table 3 Evaluation of a newly developed fluorochrome
acid-fast staining method, acridine orange stain

No. of specimens with the following
culture results

+ — Total

Staining method

Acridine orange

+ 55 4 59

+ 2 0 2

— 3 31 34
Auramine-rhodamine

+ 54 2 56

+ 3 1 4

- 3 32 35
Ziehl-Neelsen

+ 46 1 47

+ 6 2 8

- 8 32 40
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Table 4 Report of acid-fast examination results

Report Fluorochrome Ziehl-Neelsen N ?te
(200 X) (1,000 X) (Gaffky's grade)
— 0/ 30 fields 0/300 fields GO
ok 1-2 /30 fields 1-2 /300 fields Gl
1+ 2-20/ 10 fields 1-9/100 fields G2
2+ =20/10 fields =10/100 fields G5
3+ =100/1 field =10/1 field G9

£*: Any number of acid-fast bacilli less than 3/30 fields with fluorochrome stain (less
than 3/300 fields with Ziehl-Neelsen stain) is doubtful ; either reexamination the smear
or make a new smear from the same or another specimen
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Table 5 Detection systems of mycobacteria based on liquid medium

System Detection of mycobacteria
BACTEC 460 TB Radio active “C

BACTEC MGIT 960 Oxygen consumption
BacT/Alert Colorimetric detection of CoO,
ESP Myco Increase of CO, pressure
Septi-Chek AFB Liquid/solid format
MB-Redox Reduction of tetrazolium salt
Myco-Acid Reduction of tetrazolium salt
KRD “Nichi B” Reduction of tetrazolium salt

Table 6 Rates of recovery of mycobacteria from 587 sputum specimens in different media

No. (%) of isolates detected by :

Isolates MB-Redox MGIT MB-Redox
[n] MB-Redox MGIT Ogawa plus plus plus
Ogawa Ogawa MGIT
TB [133] 115 (86.5) 122 91.7) 87 (65.4) 124 (93.2) 128 (96.2) 129 (97.0)
MOTT [70] 62 (88.6) 63 (90.0) 46 (65.7) 66 (94.3) 64 (91.4) 69 (98.6)
All [203] 177 (87.2) 185 (91.1) 133 (65.6) 190 (93.6) 192 (94.6) 198 (97.6)

Table 7 Mean turnaround time to detection of mycobacteria from the samples
which were positive in all the method

Average no. of days (range) to detection

Isolates [n]

MB-Redox MGIT Ogawa
M. tuberculosis [80] 16.1 (3-42) 15.9 (3-44) 25.7 (7-62)
MOTT [42] 11.0 (4-50) 10.5 (2-53) 19.4 (4-70)
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Table 8 Advantage and disadvantage of broth-based media

(1) Supports growth better, more positive culture
(2) Much faster turnaround time

(3) More species grow

(4) Easy to use

(5) Better quality control

(6) Mixed growth can not be detected
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Table 9 Simple differentiation between TB and MOTT bacilli

(1) Niacin accumulation test
(2) BACTEC NAP test
(3) Growth on PNB medium

(4) DNA probe test (ribosomal RNA)

(5) DDH Mycobacteria (whole chromosomal DNA)

(6) Chromatography analysis (fatty acids or mycolic acids)

(7) Immunochromatography analysis using anti-MPB64 antibody
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Table 10 Rapid confirmation of the M. tuberculosis complex in liquid

cultures by Capilia TB
Capilia TB

Isolates [n] Positive Negative
M. tuberculosis [50] 50 (100%) 0

M. avium complex [34] 34 (100%)
M. kansasii [5] 5(100%)
Other MOTT [18] 18 (100%)
Mixed culture [1]* 1 (100%) 0

Total [108] 57

Sputum specimens were cultured with the MB Redox and MGIT systems. Samples
from positive cultures were assayed by Capilia TB.
*A mixed culture with the M. tuberculosis complex and M. kansasii

Table 11 Drug concentrations ( «g/ml) used for susceptibility testing

Drug L-J Ogawa 7TH10 MGIT 960 460 TB
Isoniazid-low 0.2 0.2 0.2 0.1 0.1
Isoniazid-high 1.0 1.0 1.0 0.4 0.4
Rifampin 40 40 1.0 1.0 2.0
Streptomycin 4.0 10 2.0 1.0 2.0
Ethambutol 2.0 2.5 5.0 5.0 2.5
Pyrazinamide 100 100

B 722308, TR, FIEIZIZAOENTH B8
BRI R D0 > T & 2o BHFIRBE OB TILRE
W HERRD 1% LT (0.8%) THDTIXH 5 bkt %
RY BB T 5 2 D50 o 723, BB
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KR ORAE X, BT ABEFIOEZ o7
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AT I LR D, ORGSR DA “ERTET &
ATV 2345 H Tl BRI LR LiCLTw
5o AR CRYZ 2 25 E 3R D & A
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1994 £E |2 FARAERRES (WHO) & [EIBAS A% MR 8 F B
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TIZAEE B O MDR-TB (L2 b4 V=TI F
(INH) &V 77 v ¥ ¥ ¥ (REP) O % #E L
T 5 ZHIM SR K& RRBETSH 5 3939,

DO EOREREMER BRIV SFETLIITo TS

[ BERESE AP (B3~ A 28] D 1997 F DI L %
L, HEBOLVEZHEROEEWE O FE 43
(INH, RFP, APL T <AV (SM), =¥ VT b—
)V (EB)) Wi 1 HICHEOEHAX103%TH 5
A3, BEVRIEBI Tl 42.4% L8 4 REF AR IX BA L Cw
5o RIGEBITIE, WHEFDT5%1F 1 FNTH 3 2 i
THHOIIx L, BEHEFEFITIE60% 232 KDL LD
RN Z B L Tnize ShonZ &id, EHKZ
PRI OB RIRRICERETH LI LERLTY
5o

IHETHARTIT bR TV EAEZERBIZOW
T, WEBEMEOHMICHFEZZLRAID -2, TR
B e K 2 B R HIME TIT b T w A i K& 7
ERROND, €2 THRBERERTIE, EXWER
BRI BREEEZ196FEICRHRE LBEFHZzERL, Ly
MAENN199744F 6 HICEHAR L VRES ™, %
ENLRBEBEZ 19NN ZHCLLELETH S
(Table 11) 0 CHOREBRIRE, TORORREAEFES
B Z T TR ORI D —EAYIE iz, #3
ERFBL, SHTIRIIEAEORRTH LWKREET
RERZITo TV 5B,

TR TR LT 2 Bk ML T, Hvai
M, RERIEE, HEhEiEEbIbThd, Lizhs
TINSTHROLNAEEEZHEICHET 5 2 I35
Thhb, Wk WHO/ITUATLD 70 ¥ = 7 b T, H|
RO —RA 5V 2% BIBT210H720, RO
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WHO Coordinating
Laboratory

Supranational Reference
Laboratory

Ref. strains
Some isolates

i National Reference

Laboratory
Fig. Standardization and quality assurance of susceptibility testing (WHO/IUATLD)
Table 12 Results of five rounds of proficiency testing in the SRL network,
1994-1998
Cumulative
Variable INH RFP EB SM Overall results of
5 rounds

Sensitivity

1994 99 94 66 88 89

1995 94 99 75 92 93

1996 97 98 90 96 96

1997 100 100 92 91 97

1998 100 100 95 97 98 95
Specificity

1994 100 96 98 100 98

1995 86 99 84 82 86

1996 100 100 96 91 96

1997 100 99 91 95 95

1998 99 100 98 89 96 95
Efficiency

1994 99 96 91 92 95

1995 93 99 81 90 91

1996 98 99 94 93 96

1997 100 99 91 93 96

1998 100 100 97 92 97 95
Reproducibility

1994 98 94 93 89 94

1995 98 99 90 72 96

1996 98 98 99 92 97

1997 100 95 92 91 98

1998 99 98 97 95 97 96

Sensitivity : Ability to detect true resistance : Specificity : Ability to detect true susceptibility ;
Efficiency: Ratio between the number of correct results; Reproducibility : Intra-laboratory

agreement between duplicate cultures

BhRIBREEZTIHON TV L BREERBROKEZ RS
e TuY s e RAY — b EE729, WHO/
IUATLD i WHO D Z N ZNOHIKNIZ 2 ~ 3 DRFFEHT
% Supranational Reference Laboratory (SRL) & L T3ET,
WHO/IUATLD ® 3 — 7 4 % — % —H L RERE ¥k % SRL
IZ#Ef L, SRLOMENELF = v 7 Lize TOFEDHF
REBMYBEL, —FDOLRVIZHLIEEHEAL. K
DAFyTELT, 7aVz27 MEIMENOLT7 7LV R
FTRT M) —DREEEHERT 572D SRLAH T 5

(Laszlo et al., Int J Tuberc Lung Dis, 2002)

LV BTHENED SN (Fig)o 19944 & 1998 4
DOMIZ SRL A v b7 — 27 NT 5 [\ O K5 EE BT
bz (Table 12) . HHIKZMERERX INH, RFP, SM,
EB® 4 #H|ITiTbi 7z, 5BOBTEE @ L T2k
E (EOmwE oK) 1395%TH Y, 19944ED 89%
5 1998 4E D 98% D HFEFHIZ B - 72393, RO FFE M
(BoEZMRE oM 1295%, £FR0—%F (ELw
RO E R TE - 72 5Ml) 1295%, FHME QMo
FERW O—3F) 1396% TH - 720 INH & RFPIZDWT
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STANDARDIZATION OF LABORATORY TESTS FOR TUBERCULOSIS
AND THEIR PROFICIENCY TESTING

Chiyoji ABE

Abstract Explanations of proper collection procedures are
imperative for accurate laboratory analysis. The quality of
specimens collected and the proper transport of those
specimens to the laboratory are critical to successful isolation
of etiological agents.

Most mycobacteria grow at a relatively slow rate.
Therefore, the acid-fast smear plays an important role in the
early diagnosis of mycobacterial infection. There are several
methods of determining the acid-fast nature of an organism.
In the carbolfuchsin procedures (Ziehl-Neelsen, Kinyoun),
acid-fast organisms appear red, and in the fluorochrome
procedures (auramine O, auramine-rhodamine, acridine
orange), the acid-fast organisms fluoresce yellow to orange.
Fluorochrome-stained slides may be directly restained with
any of the carbolfuchsin staining procedures. This may be
done to confirm a positive fluorochrome slide and to study
organism morphology.

In the last 10 years, there were many advances in the
culture examinations of mycobacteria. The newly developed
Mycobacteria Growth Indicator Tube (MGIT), BacT/Alert,
ESP Myco, MB Redox and KRD “Nichi B”, biphasic
Septi-Chek AFB and Myco-Acid, and radiometric BACTEC
460TB systems based on liquid media, proved to be
significantly better than the egg-based solid media for the
isolation of mycobacteria from clinical specimens. In addition
to liquid-based medium, agar (Middlebrook 7H10 or 7H11) -
or egg (Ogawa or Lowenstein-Jensen)-based media should be
used in the primary isolation of mycobacteria.

To identify mycobacteria, conventional biochemical tests
are traditionally used. Key test can be used to identify species,
or further preliminary grouping may be used. Other
approaches to identifying some species of mycobacteria are
available. They include niacin accumulation, p-nitrobenzoic
acid and p-nitro- a -acetylamino- 8 -hydroxypropiophenone
tests for discrimination of the Mycobacterium tuberculosis
complex from mycobacteria other than M. tuberculosis
(MOTT) ; DNA probe methods for identification or confir-
mation of the M. tuberculosis complex, M. avium complex,
M. kansasii, and M. gordonae ; DNA-DNA hybridization

method for identification of 22 Mycobacterium species;
and gas-liquid chromatography or high performance liquid
chromatography analyses for recognizing the patterns of
the mycobacterial cell wall fatty acids or mycolic acids.
The advantages of the last four methods are that they are
capable of providing definitive identification within 2 to 5 h
after adequate growth. Capilia TB is the newly developed
immunochromatographic assay for rapid discrimination
between the M. tuberculosis complex and MOTT bacilli. The
kit can be easily used for rapid identification of the M.
tuberculosis complex in combination with the culture systems
based on liquid media. In addition, Capilia TB could correctly
detect the M. tuberculosis complex from mixed cultures with
the M. tuberculosis complex and MOTT bacilli.

The WHO/IUATLD supranational reference laboratory
(SRL) network was created in 1994, to ascertain the accuracy
of the susceptibility test methods used in different laboratories
across the world, and to allow comparability of the
surveillance data gathered in countries participating in the
Global Project on Anti-tuberculosis Drug Resistance
Surveillance. Today, the network has evolved and 23 SRLs
actively participate. Results of five rounds of proficiency
testing in the SRL network suggest that performance of the
network has improved substantially through the years. This
progress has been particularly evident for streptomycin and
ethambutol sensitivity, which was very low in the first rounds
of proficiency testing. In 1998 sensitivity for these two drugs
was higher than 95%. For isoniazid and rifampin, sensitivity
has been consistently high since the beginning of the Global
Project. This indeed reflects the enhanced efforts made by the
SRLs to improve their individual performance.

Key words : Laboratory tests for tuberculosis, early diagnosis
of mycobacterial infection, liquid medium, immunochromato-

graphic assay, proficiency testing

Correspondence to : Chiyoji Abe, 1-4-28-402, Uenohara,
Higashikurume-shi, Tokyo 203-0001 Japan.
(E-mail : abe_chiyoji@yahoo.co.jp)



