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1. Incidence tuberculosis in the USA the The dotted 
replresEmts the .." "''''.'''.'''''' rate of decline (18). 
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2. for Africa: detection and DOTS coverage, 2000 

Counll}' WHO TB conl,,,1 otrale<ty DOTS othe, SI'.; .. ~Y non-DOTS) 
CounIryIT emlo'Y Estimated cases DOTS % %01 % %01 

oUcases Newss+ number CDR cale- 01 ~ Newss+ DDR pulm 01 01 eases Newss+ puIm 
llt1ousa~ds number rate numbe, rale an cases Newss+ % nON 000 numbe, ",'e number mte % cases 55+- 000 number mle -number ",'e cases 55+-

• b bla c cia d II cle f g h I1I(g-.) I I/(g-.) I/e k I V(k"a) m ml(k-o) n 
Algeria 30291 18294 60 8050 27 13909 6259 129 4 100 18294 60 8050 27 129 60 0 
Angola 13134 16062 122 9053 69 36083 15860 57 1 0 100 16082 122 9053 69 63 
Benin 6272 2706 43 2286 36 16266 7167 32 4 100 2706 43 2286 36 32 95 

Botswana 1541 9292 603 3091 201 11661 4597 67 4 100 • 9292 603 3091 201 67 39 
IltJrI<jne fe." 11535 2310 20 1560 14 37319 16013 10 4 100 2310 20 1560 14 10 88 0 

Burundi 6358 25820 10808 0 

Cameroon 14876 5251 35 3960 27 50685 21594 18 3 46 4754 32 3522 24 16 86 54 497 3 438 3 94 

Cape Verde 427 777 341 0 

Central African ReDUbfic 3717 16544 6857 0 

Chad 7885 21571 9487 0 
Comoros 706 120 17 87 12 447 201 43 4 100 120 17 87 12 43 86 0 
Congo 3018 9239 306 4244 141 10206 4377 97 4 100 9239 306 4244 141 97 68 0 

~t.d'I""i'. 16013 12943 81 8497 53 62353 26163 32 3 60 12943 81 8497 53 32 85 40 

DR Congo 50948 60627 119 36123 71 162901 70443 51 3 70 60627 119 36123 71 51 82 30 

Equatorial Guinea 1117 500 0 

Eritrea 6652 182 590 16 10559 4636 13 3 80 6652 182 590 16 13 10 20 

Ethiopia 62908 91101 145 30510 48 249457 104734 29 3 85 91101 145 30510 48 29 50 15 

Gabon 3606 1569 0 
Gambia 1 3436 1520 0 

Ghana 19306 10933 57 7316 38 55141 24094 30 3 87 10325 53 7042 38 29 76 13 608 3 274 1 54 

Guinea 8154 5440 67 3920 48 22046 9785 40 4 100 5440 67 3920 48 40 90 0 

Guinea-Bissau 1199 1273 106 526 44 3251 1432 37 4 95 1273 106 526 44 37 47 5 

Kenya 30669 64159 209 28773 94 148579 61556 47 4 100 58067 189 26162 85 43 54 0 6092 20 2611 9 55 

Lesotho 2035 9746 479 3041 149 11768 4742 64 4 100 9746 479 3041 149 64 52 

Liberta 2913 8012 3521 0 
Madagasca, 15970 40642 18264 0 

Mala'" 11 308 23606 209 8265 73 50539 20793 40 4 100 23606 209 8265 73 40 48 

M.I 11 351 4216 37 2527 22 30318 13403 19 4 95 3845 34 2221 20 17 74 5 371 3 306 3 94 

M.lIilari. 2665 3067 115 1583 59 6028 2699 59 1 0 100 3067 115 1583 59 70 

M.lIitius 1161 160 14 115 10 803 357 32 4 100 160 14 115 10 32 89 0 

Mozambique 18292 21158 116 13257 72 79144 32878 40 4 100 21158 116 13257 72 40 71 0 

Namibia 1757 10474 596 3911 223 9141 3723 105 4 100 10474 596 3911 223 105 46 0 

NiQer 10832 4292 40 2693 25 27701 12315 22 3 70 4292 40 2693 25 22 80 30 

Nigeria 113862 25821 23 17 423 15 347385 150301 12 3 47 25821 23 17 423 15 12 72 53 

Rwanda 7609 6093 80 3681 48 30793 12896 29 4 100 6093 80 3681 48 29 81 0 

Sao T orne and Principe 138 97 70 30 22 183 82 37 1 0 100 97 70 30 22 35 

Senegal 9421 24617 10906 0 

Saychelles 80 20 25 11 14 34 15 73 4 100 20 25 11 14 73 61 0 

Sierra leone 4405 3760 85 2472 56 12225 5365 46 3 50 3760 85 2472 66 46 75 50 

S<lu1I1A1lica 43309 111269 257 n391 179 227941 92683 84 3 77 87838 203 62399 144 67 84 23 23433 54 14992 35 n 

Swaziland 925 5877 635 1823 197 5551 2229 82 1 0 100 5877 635 1823 197 36 
I 

Togo 4527 1409 31 984 22 14368 6181 16 4 100 1409 31 984 22 16 92 0 

Uganda 23300 30372 130 17 246 74 81780 34717 50 4 100 30372 130 17 246 74 50 66 0 
UR Tanzania 35119 54442 155 24049 68 126103 53589 45 4 100 54442 155 24049 68 45 58 0 

Zambia 10421 49606 478 12927 124 55152 22425 58 1 0 100 49806 478 12927 124 34 

Zimbabwe 12627 51918 411 15455 122 73701 29603 52 4 100 51918 411 15455 122 52 36 0 

w 
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for cont'd: treatment outcomes for cases rpo;<:h'rprl in 1999 WHO TBcontrol strategy and other 

New smear-positivi) cases ~ DOTS Rotreatment cases .. DOTS Now , CaDG8 • "o,,·DOTS 
CounlrylT errilory ·k ·k ·k % % % ·k % ·k % ... % °Ao % % % % % % % ... ·Ao % % 

cured died lailed del.un trans- nol success cl..I'ed died I.iled default trans- not success cured died felled default tra.,... nol success 
ered eted ferred eval eted lerred eval ered eted lerred eval 

• c d e I g h b e+d 1 Ie 1 m n " p kil q 5 I u v w • r 5+1 

Algeria 7622 81 3 1 5 5 0 81 810 85 0 2 8 5 0 85 
Angola " 

Benin 2192 57 20 1\ 2 15 I 0 77 200 45 24 8 4 21 0 0 68 
Botswana 2746 25 46 7 0 10 II 0 71 383 21 51 9 0 12 7 0 72 
Bundna F.so 1411 51 9 14 3 14 7 1 61 75 56 5 12 11 12 4 0 61 
Burundi 
Cameroon 2003 61 8 11 2 11 2 a 15 243 62 5 II 8 13 2 0 67 
C.peVerde 

Central Alrican ReoubUc 
Chad 
Comoros 115 93 0 2 2 3 0 0 93 8 100 0 0 0 0 0 0 100 
COOIlO 2222 49 12 I 0 23 2 13 61 98 43 16 2 1 38 0 0 59 
COted'lvoi'e 6946 53 10 4 3 16 15 0 63 691 57 9 5 7 16 6 0 66 
OR Congo 34923 59 10 5 I 7 9 9 69 2608 60 7 7 2 1 11 6 67 
E<IUi3lori.1 Guinea 

Entrea 465 40 4 8 2 7 6 33 44 84 60 10 6 6 1 12 0 69 
Ethiopi. 15980 60 16 7 1 10 4 3 76 846 59 15 9 3 10 4 0 74 4531 28 39 4 1 18 5 4 68 
Gabon 

Gambia 

Ghana 5605 49 6 8 2 17 6 12 55 1272 25 6 4 3 11 1 50 32 

~e. 3563 65 9 8 2 9 7 0 74 239 58 8 5 5 13 10 0 66 
Guinea-Bissau 616 19 16 7 0 20 8 30 35 65 11 14 8 a 29 8 31 25 
KeI1)'1l 24670 64 14 6 0 9 6 0 78 1545 62 11 11 1 10 5 0 73 2747 82 6 5 2 4 1 0 88 
lesolho 2831 48 21 13 1 7 6 3 69 374 50 11 19 1 6 3 8 61 
Ubelia 
Mad.g.sca, 
M.Ia"; 8185 69 3 21 1 4 3 0 71 668 64 6 23 1 3 3 0 71 
Mal 2690 50 18 3 1 26 2 0 68 309 61 15 3 2 18 2 0 76 
M.uritanla 

Mauritius 122 87 4 4 5 0 87 3 67 33 0 67 
Mozambique 11791 69 2 11 1 12 3 1 71 1404 69 2 12 2 11 4 0 71 
Namibia 3791 37 12 5 1 12 6 27 50 589 39 16 14 6 12 9 5 54 
Niger 1368 37 24 12 2 17 $. 0 60 1941 27 31 12 2 18 9 0 58 

NigeM. 14868 60 15 6 3 13 3 0 75 1639 61 13 8 5 9 4 0 74 
Rwanda 4652 56 11 6 1 4 6 16 67 325 39 9 10 2 6 5 31 48 
Sao Tome and Prtncipe 97 62 20 7 4 5 0 2 81 
Senegal 
SeycheRes 21 86 5 0 0 5 5 0 90 1 100 0 0 0 0 0 100 
Sierra leone 1904 66 9 2 16 7 1 0 75 
Soo1hAlrica 63304 52 8 7 1 13 17 2 60 21125 40 7 8 4 20 20 I 47 18191 33 16 6 1 19 23 1 49 
swaziland 
Toao 893 74 1 10 2 12 1 0 76 
Uganda 14250 30 31 8 0 16 5 9 61 1111 28 20 11 1 11 5 24 48 
UR TMlani. 23994 71 6 10 0 7 6 0 78 737 69 5 13 1 6 5 1 74 

Zambia 11645 50 19 7 3 9 5 7 69 
Zimbabwe 12791 59 14 10 0 1 11 0 73 943 50 17 16 1 a 9 0 66 

~ 
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Figure 9. Generation of gene-deficient mice 
(63). 
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ND ND 

ND ND 

ND ND ND ND ND ND 

ND ND ND ND ND ND ND -

ND IND I ..L I ND ND ND ND 

ND ND ND ND ND ND ND 

ND + ND ND ND 

ND ND ND ND ND ND ND 

ND + ND ND ND -
Table 1. Overview of experiments using auxotrophic mycobacteria. Degree of persistence or protection ranges from +-t+ (lots 0:: growth, good to (no growth, minimal Used spleen CFU lIS a Ii-.,) 

bone macrophages. Lv.- gp - l!IIinea ph!. -not I ....:I 
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PI 
P2 
Pneo 

Exon 8 reverse 
Deleted allele 
1L-4 REI 0 reverse 
IL-4R intron 6-8 

5' 
5' 
5' 

5' 
5' 

5' 
5' 

GTG AGC AGA TGA CAT GGG GC 3' 
CIT CAA GCA TGG AGT TIT CCC 3' 
GCG CAT CGC CIT CTA TCG CCT TC 3' 

TGACCT ACAAGGAACCCAGGC 3' 
CTC GGC GCA CTG ACC CAT CT 3' 

ACC TGT GCA TCC TGA ATG AT 3' 
CCC TTC CTG GCC CTG AA TIT 3' 

Table 2. Primer sequences for "'~"'''h''',,'''''' mice. 

+/+ +/- -/-
1L-4 P lIIL-4 P2 180 180 
1L-4 P lIIL-4 Pneo 1208 1208 

IL-4Ra: allele 800 800 
1L-4Ra: deleted allele 1300 1300 

Table 3. Extlectced PCR 1J1UUU~.t" for ",,,,.,..,,"11",..." and llJ-·U"u. mice. 
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IL-4 

IL-5 18051D 19241V 18062D 

IL-12 19361V 18482D 

18181D 554587 18112D 

18131A 19321T clone MP6-XT3.11 

23201D 555104 23212D 

Table 6. Antibodies used for ELISA. All antibodies are from which is from R&D 
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3 RESULTS 

3.1 RESULTS OF IL-41IL-13 STUDY 

3.1.1 GENOTYPING OF MICE 

All mice were genotyped to confirm the genetic complement of the mice. PCR analysis of 

IL-4-I
- mice indicated that these mice only contain the 1208bp band (Figure lOA, lanes 1-6), 

whereas WT mice only contain the 180bp band (lane 8). The heterozygous control (lane 7) 

did not work but should contain both the 1208bp and 180bp band. The negative control was 

negative (lane 9). 

2 3 4 J 6 7 8 <j 10 

Figure lOA. Genotyping of IL-4 
-1- mice using IL-4 primers. Lanes 
1-6 are IIA-I- digests. Lane 7 is 
the IIA-I- positive controL Lane 
8 is the WT positive control and 
lane 9 is the negative control. 
Lane 10 is the bacterial DNA 
marker. 

IL-4Ra.-I- mice were genotyped with both the WT alleles and the deleted alleles (Table 2). IL-

4Ra.-I- mice should be negative for the WT allele of 800bp and should contain the deleted 

alleles of 1300bp (Figures lOB and 10C). 
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Figure lOB. Genotyping of IL-4Ra-l­
mice using deleted allele primers. Lanes 
1-16 are IL-4Ra.-I- mice digests. Lane 17 
is the IL-4Ra.-I- positive control. Lane 18 
is the WT control. Lane 19 is the 
heterozygous control and Lane 20 is the 
negative control. Lanes 11 and 21 are the 
bacterial DNA markers. 

Figure lOCo Genotyping of IL-4Ra.-I­
mice using WT primers. Lanes 1-16 are 
IL-4Ra-l- mice digests. Lane 17 is the IL-
4Ra.-I- positive control. Lane 18 is the WT 
control. Lane 19 is the heterozygous 
control and Lane 20 is the negative 
control. Lanes 11 and 21 are the bacterial 
DNA markers. 
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12B. burden in organs of 
mice infected with 350 CPU 
tuberculosis H31Rv. The bacterial in 

and liver was determined 4, 8, 12 
24 weeks after aerosol infection. The results are 
CXtlres,Sed as the mean +/- SD from 4 mice and the 
data are 2 



Univ
ers

ity
 of

 C
ap

e T
ow

n

41 

mouse, 4 

a 

most 

a ""Uj;<, .... J 

as 

outcome to eSl:sta:llce IS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

wr 

IL-4R-I· 

48 

wk12 wk24 

Figure 13A. Haematoxylin and eosin representations of lung sections from Mycobacterium tuberculosi..'i H37Rv­
infected mice sacrificed 12 and 24 weeks after infection with 100 CFU. Magnification 40x. 
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IL-4R·'· 

Figure 13B. Haematoxylin and eosin representations of lung sections from Mycobacterium tuberculosis H37Rv­
infected IL-4-'-and lL-4Ra· l

- mice sacriJiced 12 and 24 weeks after infection with 350 Cru. MagniJicaton 4Ox. 
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Figure 14. Semi-quantitative analysis of granulomas] 2 and 24 weeks after a 350 CFU infection. Mononuclear 
cell clusters of more than 15 cells were counted as granulomas. The results are expressed as the mean +/- SD 
from 4 mice. A lung granulomas. B liver granulomas. 
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Figure 15A. Lung Ziehl-Neelson staining of sections from mice t2 and 24 weeks after Mycobacterium 
tuberculosis H37Rv infection with tOO CFU. Magnification 1000x. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

IL-4-/-

IL-4Ra-/-

52 

wk12 

Figure 158. LWlg Ziehl-Neelson stalOlng of sections from Mycobacterium tuberculosis H37Rv­
infected IL-4-1- and lL-4Ra-l - mice sacrificed 12 and 24 weeks after infection with 350 CFU 
Magnification ] OOOX_ 
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Figure 16A iNOS staining of lung sections from Mycobacterium tuberculosis H37Rv-infected mice 
sacrificed 12 and 24 weeks after infection with 100 CFU. Magnification 40x. 
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Figure 16B. iNOS staining of lung sections from Mycobacterium tuberculosis H37Rv-infected IL-4-1
-

and ll...-4Ra-l
- mice sacrificed 12 and 24 weeks after infection with 350 CFU Magnification 4Ox. 
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Figure 16C. Nitrotyrosine staining of lung sections from Mycobacterium tuberculosis lI37Rv-infected 
IL,..4-/- and IL-4Ra-f. mice sacrificed 12 and 24 weeks after jnfection with 350 CFU. Magnification 4Ox. 

3.1.6 CYTOKINE ELISA 

Cytoklne and chemokine levels III lung homogenates and BAL fluid were assessed to 

determine whether the increased response to H37Rv infection in IL-4Ra-l
- mice could be due 

to better or increased recruitment or activation of cells. Cytokine/chemokine levels in BAL 

fluid were minimal, regardless of the infective dose. Levels of cytokines/chemokines in lung 

homogenates after a normal dose was significantly lower than that obtained after a high dose 
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infection. Comparing IL-12 levels 24 weeks after a high dose infection revealed that IL-4Ru-l
-

mice had more IL-12 than IL-4-1
- mice (Figure 17A). TNF levels in IL-4Ru·l- mice were 

markedly reduced (p < 0.001) compared to ILA-I
- mice (Figure 17B). IL-4-1

- and IL-4Ru-l-

mice had similar high levels of IFNy and TGF~ (Figure 17C and 17D respectively). Chronic 

TB infection is associated with increased TH2 cytokines when compared to individuals who 

control the disease (64). It has been speculated that this failure is due to the suppression of the 

protective THI response by TH2 cytokines. During the absence of IL-13, the ILARu-l- mice 

have increased IL-12 levels and this could be due to the absence of suppression by IL-13. The 

increased IL-12 levels also could account for the increased survival of the IL-4Ru-l
- mice. 
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Figure 17. Cytokine and chemokine secretion in the supernatant from lung homogenates of IL-4-1
- and 

IL-4Ra.-I
- mice at weeks 12 and 24 after a high dose infection. The results are expressed as the mean +/­

SD from 4 mice. 
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3.2 RESULTS OF THE PROTECTIVE EFFICACY STUDY 

3.2.1 MORTALITY 

Since purc mutant mycobacteria reportedly are attenuated, we asked whether this mutant has 

reduced virulence in an immune-suppressed host. Therefore, IFNyK/- mice were infected with 

WT and purC-l
- H37Rv respectively, by aerosol (100 CFU per lung). The immune-deficient 

IFNyR-I- mice infected with WT H37Rv started to lose body weight within 2 weeks and 

succumbed to infection between week 4 and 6, whereas 80% the WT mice survived (Figure 

18). IFNyK/- mice infected with the attenuated purC strain of H37Rv rapidly lost weight 

within 5 weeks, and all mice succumbed by week 7. WT mice survived after infection with 

purC-l
- H37R v. 

In the vaccination study, there were no deaths and no reduction in body weight of any of the 

mice, regardless of the vaccination given (data not shown). 
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Figure 18. Mortality study of WT and IFNyR-I- mice infected with 100 CFU Mycobacterium tuberculosis 
H37Rv, via the aerosol route. Each group contained 4 mice. A Infection with WT H37Rv. B Infection with 
pure-I

- H37Rv. 
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3.2.2 CFU DETERMINATION 

Organs of infected mice were assessed to determine the mycobacterial growth. As expected, 

the WT H37Rv grew more prolifically in all the organs than the pure-I
- H37Rv (Figure 19A). 

This gives an indication that there is a reduction in virulence after deletion of the purine gene. 

In WT mice, WT H37Rv CFU had been reduced at week 8. The pure-I
- H37Rv CFU had an 

apparent increase at week 8 that could be due to the delayed growth kinetics of this strain. At 

week 4, more WT H37Rv and pure-I
- H37Rv were recovered from the organs of IFNyR/-

mice compared to WT mice. The IFNyR/- mice died shortly before week 8, which is 

consistent with the higher bacterial load. Therefore, even though the pure-l- H37Rv had initial 

reduced growth, this did not affect its ability to cause morbidity and eventually, mortality in 

IFNyK/-mice. 
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Figure 19A. The bacterial burden of WT H37Rv 
and pure·l

- H37Rv were determined at wk 4 and 
wk 8 after infection ofWT and IFNyR-I- mice. 
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Four weeks after v~ccination, bacteria could be recovered from all the organs of mice 

vaccinated with WT BCG. Mice vaccinated with pure-I- BCG also had some bacteria in the 

organs but this was significantly lower than the WT BCG detected (Figure 19B). Four weeks 

after vaccination, the mice were exposed to WT H37Rv. This infection was continued for a 

further four weeks (week 8 after initial infection), after which the numbers of WT H37Rv 

were assessed (Figure 19C). Mice vaccinated with pure-I- BCG and saline had similar 

numbers of H37Rv in the lungs. This was slightly higher than that obtained for mice 

vaccinated with WT BCG. The spleen and liver CFU of mice infected with pure-I- BCG was 

similar but slightly higher than that obtained from mice vaccinated with WT BCG. The 

results obtained with pure-I
- BCG vaccination are similar to that obtained with unvaccinated 

controls and indicates that WT BCG vaccination provides some protection from subsequent 

H3 7R v infection. 

Vaccination study - week 4 
iii lung 

• spleen 

1.E+06 ~ 
Clliver 
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1.E+04 

I 
1.E+OO 

WTBCG purC-I- BCG 

'-- -

Figure 19B. WT or purC-I- BeG recovered at week 
4 from the organs of WT mice vaccinated with 
either strain. 
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Figure 19C. WT mice were vaccinated with either 
WT BeG or purC-1

- BeG. Four weeks after 
vaccination, the mice were challenged via aerosol. 
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3.2.3 HISTOLOGY 

3.2.3a Haematoxylin and eosin stain 

The inflammatory granuloma response was investigated by light microscopy (Figure 20A). 

WT H37Rv caused typical lung granulomas consisting of activated macrophages and 

lymphocytes in WT mice. The lungs of IFNyR"/- mice infected with WT H37Rv exhibited 

extensive necrosis, with extracellular growth of the mycobacteria. In addition, there were 

many small granulomas in the liver. WT mice, after pure-I
- H37Rv infection, had less 

pathology than after WT H37Rv infection and displayed an increase in peribronchial cellular 

infiltration after 8 weeks. Pure-I
- H37R v caused less severe lung lesions in IFNyR"/- mice at 

week 4, although much of the alveolar space was occupied by mononuclear cellular 

infiltrates. All mice died shortly after week 4. Thus these observations taken together with 

the CFU data suggest that purC-l
- H37Rv exhibits a reduced virulence but that it is not 

attenuated enough to be used in immunocompromised mice. 
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WT + WTH37Rv WT + pUre-l
- H37Rv 

IFNyR-I- + WT H37Rv IFNyR-I- + pUre-l
- H37Rv 

· 
Figure 20A. Representations of lung sections from WT and IFNyK'· mice 4 and 8 weeks after infection. 
Sections were stained with haematoxylin and eosin. Magnification 40x. 
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Fours weeks after vaccination, mIce vaccinated with WT BCG had well-developed 

granulomas in all organs while those vaccinated with purC-1
- BCG had much less infiltration 

and only very small granulomas (Figure 20B). Eight weeks after the WT BCG vaccination 

(four weeks after challenge with WT H37Rv) the granulomas were smaller than at week 4. 

Control mice or mice vaccinated with purCI
- BCG had much larger granulomas in all organs 

(Figure 20C). These results indicate that purC-1
- BCG does not provide as good protection 

against H37Rv challenge as WT BCG does. 

wrBCG purC-I- BCG 

Figure 20B. Representations of lung sections from WT mice vaccinated with WT BeG and purC-1
- BeG at 4 

and 8 weeks. Sections were stained with haematoxylin and eosin. Magnification 40x. 
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Figure 20e. HE staining of lung sections from 
~ saline-vaccinated controls. 4 weeks after WT 

H37Rv challenge. Magnification 40x. 

The uninhibited growth of mycobacteria was further visualised by the Ziehl-Neelson stain. 

Growth of mycobacteria in WT lungs decreased between weeks 4 and 8 after a WT H37Rv 

infection (Figure 21 A). Spleen and liver had minimal acid-fast bacilli. Four weeks after 

infection with WT H37Rv, IFNyK/- mice had a dramatic increase in acid-fast bacilli in the 

lungs, with some bacteria having spread to the liver and spleen. In contrast, fewer bacteria 

were found in lung sections from WT mice infected with pure-I
- H37Rv at weeks 4 and 8 

when compared to an infection with WT H37Rv. At week 4, IFNyK/- mice infected with 

pure-I
- H37Rv had more acid-fast bacilli in the lungs compared to WT mice infected with 

pure/- H37Rv but less than IFNyK/- mice infected with WT H37Rv. Therefore the growth of 

pure/- H37Rv was reduced in both WT and IFNyK/- mice. 

Fewer acid-fast bacilli were observed in the organs of pure/- BeG-vaccinated animals than in 

WT BeG-vaccinated mice (Figure 21B). After being challenged with WT H37Rv, mice 

vaccinated with pure/- BeG or saline had more bacilli in their organs than mice vaccinated 

with WT BeG (Figure 21B and 21 e). This indicated that the protective efficacy of pure/-

BeG was not as good as that of WT BeG. 
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WT + WT H31Rv WT + pure-I
- H31Rv r_~ __ 

Figure 21A. Lung Ziehl-Neelson staining of sections from WT and IFNyR.J- mice 4 and 8 weeks after infection. 
Magnification lOOOx. 
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Figure 2IB Lung ZN staining of WT mice vaccinated with WT and pucC·l . BeG 4 weeks after aerosol challenge 
ofWT H37Rv. Magnification lOOOx. 
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Figure 2Ie. Lung ZN sections of saline­
vaccinated controls 4 weeks after an 
aerosol challenge with WT H37Rv. 
Magnification lOOOx. 
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WT + WTH37Rv WT + pure-I
- H37Rv 

Figure 22A. iNOS staining of lung sections from WT and IFNyR'- mice 4 and 8 weeks after infection. 
Magnification 40x. 
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Figure 22B. Nitrotyrosine staining oflung sections from WT and IFNylr/"l11i~e 4 and 8 w~cks atter intcction. Magnification 40x. 

Figlll"C 22C. iNOS staining of lung sections from wlccinat.:d micc at 4 and 8 weeks. A. WT BeG-vaccinated OIIic') at week 4. H. WT BCG­
vaccinated mice at week 8. C. pure"'· BCG-vacciniltcd mice at week 8. D. Salillc-va~cinated control mice at week 8. Magnili~ation 40x. 
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APPENDlXC 

PREPARATION OF BACTERIAL DNA MARKER 

Preparation of Luria broth and agar 
In 1 litre of water, the following is added Tryptone 109 

Yeast extract 5 g 
NaCI 109 

pH solution to 7, aliquot and autoclave 
Before use, add ampicillin to a working concentration of I OO~g!ml 
For agar, add l5g of agar before autoclaving 

Preparation of mini- and maxi-preps of E. coli XL Blue containing plasmid 
PTZ18R 
Day 1 E. coli is streaked onto a Luria plate containing 100~g!ml ampicillin and incubated 

OIN at31'C 
Day 2 One of the colonies are picked and transferred into a vial containing 4ml of Luria 

broth with 4~1 ampicillin. This is incubated with shaking at 31'C OIN 
Day 3 200ml of Luria broth and 200~1 ampicillin are added to 400~1 of the mini culture from 

day 2 and incubated with shaking at 37°C OIN 
Day 4 Using the ax500 Nucleobond kit (Wizard Plus maxipreps DNA purification system, 

cat no. A 7270, Promega), plasmid PTZ18R is isolated from the maxiprep according to 
the manufacturer's recommendations 

After the plasmid purification, the plasmid integrity is checked using A2601A280 absorbance 
readings 

Digestion of PTZ18R 
Plasmid DNA 
lOx RE buffer 
HinF 
Total volume 

33~g 

1O~1 
100U 
100~1 

The digestion mixture is incubated OIN at 31'C and 5~1 of the digest is added to each gel as a 
PCR DNA marker 

·1202 

·~17 Figure. Size demarcations of bacterial 
.396 DNA marker, plasmid PTZ18R digested 
·349 with HinF I. 
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