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Background : The mechanisms through which cellular activation results in intracellular mycobacterial
killing is only partially understood. However, in vitro studies of human immunity to Mycobacterium
tuberculosis have been largely modeled on the work reported by Crowle, which is complicated by several
factors. The whole blood culture is simple and allows the simultaneous analysis of the relationship between
bacterial killing and the effect of effector cells and humoral factors. In this study, we attempted to
determine the extent to which M. tuberculosis is killed in a human whole blood culture and to explore the
role of the host and microbial factor in this process.

Method : The PPD positive subjects were compared to the umbilical cord blood and patients with
tuberculosis, diabetes and lung cancer. The culture is performed using heparinized whole blood diluted
with a culture medium and infected with a low number of M. avium or M. tuberculosis HxRa for 4
days by rotating the culture in a 37°C, 5% CO: incubator. In some experiments, methylprednisolone- or
pentoxifylline were used to inhibit the immune response. To assess the role of the T-cell subsets,
CD4+, CD8+ T-cells or both were removed from the blood using magnetic beads. The A log Kkilling
ratio was defined using a CFU assay as the difference in the log number of viable organisms in the
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completed culture compared to the inoculum.

Results @ 1. A trend was noted toward the improved killing of mycobacteria in PPD+ subjects
comparing to the umbilical cord blood but there was no specific difference in the patients with
tuberculosis, diabetes and lung cancer. 2. Methylprednisolone and pentoxifylline adversely affected the
killing in the PPD+ subjects, umbilical cord blood and patients with tuberculosis. 3. The deletion of
CD4+ or CD8+ T-lymphocytes adversely affected the killing of M. avium and M. tuberculosis HyRa by
PPD+ subjects. Deletion of both cell types had an additive effect, particularly in M. tuberculosis HsRa.
4. A significantly improved mycobacterial killing was noted after chemotherapy in patients with
tuberculosis and the A logKR continuously decreased in a 3 and 4 days of whole blood culture.
Conclusion : The in vitro bactericidal assay by human whole blood culture model was settled using a
CFU assay. However, the host immunity to M. tuberculosis was not apparent in the human whole
blood culture bactericidal assay, and patients with tuberculosis showed markedly improved bacterial
killing after anti-tuberculous chemotherapy compared to before. The simplicity of a whole blood culture
facilitates its inclusion in a clinical trial and it may have a potential role as a surrogate marker in a
TB vaccine trial. (Tuberculosis and Respiratory Diseases 2002, 53:497-509)

Key words : Mycobacterium tuberculosis, Whole blood culture, Bactericidal assay, Colony forming
unit{CFU), Log killing ratio
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Fig. 1. Mycobacterial cytotoxicity in the whole blood culture of umbilical cord bloods, PPD
positive subjects and patients with tuberculosis.
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Fig. 3. Effect of pentoxifylline(lmM) on mycobacterial growth in whole blood culture(*p<0.05).
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Fig. 4. Mycobacterial cytotoxicity when CD4+ and CD8+ T-cells are deleted in the whole blood

culture of subjects with PPD positive(n=8).
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Fig. 5. Effect of deletion of CD4+ and CD8+ T-cells on mycobacterial growth in the whole
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A M aviumol HE A logkRe ztol: CD4+
T-IXF AAAl +0.04, CD8+ T-HET 2HAA
+003, CD4+ 2 CD8+ T-¥EZF EA AHAIA
+0062.58 AustA Adge] ZHAHJew M
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tuberculosis HzRadl &t A logKRS Zpol&
CD4+ T-YETF AAA] +0.22, CD8+ T-YEF 2t
AA +018, CD4+ 2 CD8+ T-HET FA| 24|
A +04382 A logKR7F 37tE e frojsiAl A
o] ZaHE AL & £ doH =TI CD4+ ¥
CD8+ T-HZF FA AAA AT Fsid
£ HAHFig. 4 & 5). °|d% AA= M avium
Hoe Ego] gle ¥ M tuberculosis HxRa
oA B} 3k 447ke] WGz 19A
F(memory cel)7} A3 U EolwE-& e
=Y 87EHE Jarter AZREn of Fi
g A7E A7) HIHE Fo 2 7Y Hjgol
gestin Azt Sivers®s B¥TE olg
3 ATFoAE CD4+ T-BEF7F W 4-74
HEAAL 2 JEF-uj/jg o2 AEW HyRve
FHE JAAT 2 Easqich

HAHYSA 5oelA 6-8/14e FEY A8E
A F AN AF AdFo] oz Ao Wzt
£ vusgeh Aol dig wgnkgol &4st
5ol A logkR7F 71 A" Zoz qidstdd
AAgatl A PPD 44 BN Hladte A9
T AdEe S Aolg HolA ¥you Aw
Fof A A X5 A vwstd {93
A A logKR7F At @A sA Aol F7t
ek PPDYA A4, B 9 A &4 Al
g 9 A B A A w1
Aol Add AEHE By 3Y, 4Y Yol
AYPHH AdFo] TEAG 2w AFAHoR
S A 28x8 59 AN E F 19, 3
d, 2 49 A logKR7F HA gAse #23H
A deol FrtetrhFig 6). ol2d A
g AAHoz AARY A AAdqMe A
e digk Wide] F7tE AA oy AR
& B3] A digh WHo] FrtEo Aw
g B S A Aol Frtste Ag B
ozt Agdaiey AE Fole AT A

ol #A3 F7IH WY 3-4UA AATF FAL
gA AR PPD ¥ AARIolY AEdA =
Aol BgAe] & DGy #Hg g nparbA
2 A8 Y 349 d¥to] FAE AL A
W owAo2 dojAe HFEUYAol AR AF
Ao AEY Fo dAHE WAL Holg v
Bl 7HSAE dx Adde gEE Fol LAy
t WAl A8 zvlde Az ALHA &8
e RE A4S B 4 Utk S B AHE
A7) s E AN X8 F F7|
AR Ao#E 9 ugsyd H49 oA A
AE Egol E 4 e, o g5uiyel 3
g F AX-uAg dYy S/t AHAAA ol
dAE ofd HAHG] AR tiE AT
¥ag 7oz yztgr.

A AE mdg ol &3 AXY FHF Y
of &gt AT HBAXY AT dEFgoe
ANl dAle Ao g "GN F A
ke Ao dig WS Hlud &&= ey
PPD ¥4 AANE oz & dFdA Hgy
AAE H/bAY 53] A¥AA =7 2¥&
A Ao AT Aol AaEAoH, A
o] g F H¥lA AmHHY vt FoJ3A
A7 4L dAsd 479 S e
Bao meld A AE 2dS ol gsto AT
ArEe FA5e PHe H2 2494y M
83 BA9 sl WA spdels o A3E
sl vaccine trialoll AHEEE 5 SlE A
AAbge <Al MY Rde) FHoTE AT
o] ztatsie), 3ol Ag ALgEte @xjd
Bae 32 g AYE Bapgbae] golsin
Ado] AFY AEHGH FAdY HE£& =
¥gatn glve & & £ don, £4Hes
A3} variationo] & Holw H¥F A&7t
o] ol MYrItE TN F Y HE B
F glo} oleld Mg B # = AT o

2] mlo

=

AL e e
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dgsirta 4z€En.

2 o

Al

HEH AXY Z2F9AEA A g 539 o
o}71d % WYL o} & Y3 olFHA E
i glow oHg HsHg dATEr] sy
Me HEd Zgrdol "asith A¥(whole
blood)> AMAG AT AEAY B BFE ¥
g A A E g E e gl |
e ztoldl WE AT AT AHEH A}
ol Hu¥ 4 Y& HHI EdI FAHED o
gt B AT BAHE A AdF AY wi
2dS shdete FFHE AFRUAA £FH
49 A= FAste dig FARNE ALstuz
gt Aelth

o Y

PPD ¥4 AAE didez AdyE, 2938,
B 3 HgEAG vusgoh dYE g4y
AT Mycobacterium avium3 M. tuberculosis
HyRaol @& ZAEEE AAAII2L 37T, 5% CO,
g7l &9 Fduuzlelr AR ulg
(rotating culture)3tck WY 1, 3¢ 2 49 H
THTE 134883 121 ¥ Middlebrook 7H10/
OADC H#ujAdx ZA¥d o] FHE wr7x
3453 37T, 5% CO; wig7lel] wigsle Fgrs

Aststt. 9RdPoNA TNF-a o BH%5E 0%

ol  #AAY7] 91849 methylprednisolone®t
pentoxifyllines 78t WAzAL dgon,
CD4+ T-H=ZTF9 CD8+ T-YETE magnetic
beadol ZWE VFE FAHE ALEsd AASHK
o A £E £33 e CFUR A4tss
t} A7He A log killing ratio® FAEFYch
A logKR=logio(Final CFU/Initial CFU).

4 3

1. AdEY A 4#o] PPD YA dixTdl
vt thh ZHAE AR BYow, d¥@Ate
AYd 478LE PPD 94 2Ty 549§ o]
& RolX ¥ £ Fuvd dAdT 297
AdEE Y dzTd vty ST Hfo)g B
o]7] ¢kttt 2. Methylprednisolone® pentoxy -
fyllineE AME&-3F WH2A Al A, PPD 44
A% a2z 27 ZToA HAHeMe A
9] Addo] AHE FF¥E Bk 3. CD4+
9 CD8+ T-HEZT 24AlA] log KR7F 7149
et A Aol HAHIoH CD4+ %
CD8+ T-|ET FA AAA @A Asads
B3 ol8d A= Mycobacterium aviumB.th
= 5¥o| gle 72 Mycobacterium tuberculosis
HyRadlAq Rt Fagch 4 #49 x8%9
Ad A7 X8 A7 vnstd FsA A
logkR7} Zrastgion, Wi 3-4dol= dAAF 2
HF F49 dAE BAH

g4 E:

AAe] Ao g #AFAA AADe] WAIY
HE HEoA AT 4THE T8 nud ¢
T ey QA AE mde hdslan 9
743 wEol 790 AYBANAM B Ax} &
of @AY AYF FdHe ol Holmg HZ
AYATe 71 Fag FA 9 e #N e
oA 1 A#g #dds vaccine trialel o] &%
T A& 7HeAE AlAKRHL
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