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INTRODUCTION 

In 1953, the year in which all states began to report 
tuberculosis (TB) mortality to the Public Health Service, over 
84,000 cases of TB were reported annually. By 1983 the number of 
cases had declined to approximately 24,000 with a rate of 10.2 
cases per 100,000 population. Although the average annual rate 
of decline slowed in the late 1970's due to an influx of 
immigrants from Southeast Asia, by 1984 a yearly decline of 9.0% 
in the number of new TB cases had been re-established. Brimming 
with optimism on April 5, 1985 the Centers for Disease Control 
(CDC) stated "with the number of tuberculosis cases reported 
being at record lows, categorical programs for tuberculosis 
control are no longer necessary" (1). 
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Over the past two years both the medical and lay press have 
published numerous articles concerning the re-emergence of TB 
(Figure 1) • In 1990 1 25 1 701 new cases of TB (rate 10.3 per 
100 1 000 population) were reported in the U.s. , an increase of 
9.4% from the previous year and the largest increase since 1953 
(Table 1). In some parts of the United states the increase has 
been startling (Table 2). In New York City a 38% increase in new 
cases of TB was reported in 1990 compared to 1989 and the case 
rate was 48.1 per 100,000. During the same time period the 
number of new cases in Texas increased by 17% (case rate 13.2) 
(Figure 2). Currently, Dallas has a case rate of 22.7 1 an 
increase of 35% from 1984 1 and ranks sixteenth amongst cities 
with populations greater than 250 1 000. 
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Table 1 

Tuberculosis Cases and case Rates 
states, 1990 and 1989 

Rank According 
Tuberculosis Cases Cases R;ote to Rate Population 

stat a 1990 Census 
1'1'10 1'18'1 1'1'~0 108'1 1'1'10 108'1 

United states 25,701 23,495 10.3 9.5 248,709,873 

Alabaaa 484 444 12.0 11_.3 13 12 4,040,587 
Alaska 68 59 12.4 11.2 lO 13 550,043 
Arizona 275 305 7.5 8.6 20 19 3 , 665,228 
Arkansas 323 330 13.7 13.7 6 ' 2,350,725 
Cal.ifornia 4,889 4,212 16.4 14.5 3 4 29,760,021 

Colorado 74 73 2.2 2.2 44 46 3,2'14,394 
Connecticut 144 160 5.0 4.9 32 31 3,287,116 
Dalawara 3a 46 5.7 6.8 29 22 6&6 , 168 
District of Colunbia• 163 ua 26.9 31.1 606,900 
Florida 1,1132 1,703 14.2 13.4 4 7 12,937,'126 

Georgia 800 860 12.3 13.4 11 a 6,478,216 
Hawaii U6 189 17.7 "17. 0 2 2 1,1011,229 
Idaho 14 28 1.4 2.8 "' 41 1,006,749 
Illinois 1,119 1,113 9.8 9.5 16 1& 11,430,602 
Indiana 269 261 4.9 4.7 33 32 5,544,159 

Iowa n 68 2.6 2.4 42 l't3 2,776,755 
Kansas 78 72 3.1 2.9 37 40 2,477,574 
K-tucky 363 380 9.8 10.2 15 14 3,685,296 
Louisiana 366 407 11.7 9.3 17 17 4,219,973 
ltaine ' 34 41 2.8 3.4 40 38 1,227,928 

ltaryland 384 404 a.o a.6 1a 18 4,781,468 
ltassachusatts 438 421 7.3 7.1 23 20 6,016,425 
ttichigan 506 462 5.4 s.o 30 .30 9,295,297 
ttinnasota 114 103 2.6 2.4 41 44 4,375,099 
ttississippi 362 388 14.1 14.8 s 3 2,573,216 

Hlssouri 312 278 6.1 5.4 27 . 27 5,117,073 
Hontana 26 31 3.3 3.8 36 35 7'19, 065 
Nebraska 23 zs l.S 1.6 48 49 1,578,385 
Nevada as 39 7.1 3.5 24 36 1,201,833 
H- Haapshire 20 zs 1.a 2.3 loT u 1,109,252 

H- .Jersey 970 949 12.5 12.3 9 9 7,730 , 188 
H- ttexico 113 93 7.5 6.1 22 24 1,515,0&9 
Hew York 4,176 3,202 23.2 17.8 1 1 17,990 , 455 
North Carolina 666 637 10.0 9.7 14 15 6,628 , 637 
North Dakota 18 13 z.a 2.0 39 47 638,800 

Ohio 378 373 3.5 3.4 35 37 10,847,115 
Oklahotla 243 228 7.7 7.1 19 21 3,145,585 
Oregon 148 151 5.2 5.4 31 28 2,842,321 
Pennsylvania 767 710 6.5 5.9 26 2S 11,881,643 
Rhoda Island 75 57 7.5 5.7 21 26 1,003,464 

South Carolina 455 502 13.0 14.3 a s 3,486,703 
South Dakota 14 28 2.0 3.9 45 34 696,004 
Tennessee 598 601 12.3 12.2 12 10 4,877,185 
Texas 2,242 1,915 13.2 11.3 7 11 16,986,510 
Utah 51 56 3.0 3.3 3a 39 1,722,850 

Ver.ont 13 9 2.3 1.6 43 48 562,758 
Virginia 410 380 6.6 6.2 zs 23 6,187,358 
Washington za<t 248 s.a s.z 28 29 4,866,692 
West Virginia 87 77 4.9 4.1 34 33 1,7'13,477 
Wisconsin 97 131 2.0 2.7 116 liZ 4 ,an, 769 
W,--ing 5 I 1.1 o.o so so 1153,588 

A-rican s-o.+ 
~ 59 54 42 . 8 
No. Mariana Is.f 28 30 64.3 128.5 43,555 
Puerto Ricof 285 3111 7.9 9.6 3,599,2511 
U.S. Virgin Is.f 6 3 5.8 2.<t 103,000 

• District of Colunbia is not ranked with the states but is included in totals. 
f Hot included in totals. 

(••) Hot ranked. 
1 •• ) Hot available. 
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Table 2 

Tuberculosis cases and case Rates: 
Cities of 250,000 or More Population, 1990 and 1989 

Rank M:eording 
Tub@reulo~is Cases Case Rate To Rate 

Cities Population 
1'~'1 0 1'!8'1 l"'IO 1'111'1 1'~"0 1'111'1 1""0 

Albuquerque, N.H. 21 20 5.4 5.3 St. 55 3117,484 
Anahei•• Cal. 26 9.8 "" 266,406 
Arlington, Tex. 14 5.3 57 261,721 
Atlanta, Ga. 203 259 51.5 56.6 3 3 394.,017 
Austin, Tex. 100 " 21.5 14.7 1a 28 465,622 

Balti-e, lid. 124 1211 16.7 17~1 27 22 743,900 
BiMii.ngha• 1 Ala. 75 57 211.2 19.8 10 16 265,9611 
Boston, llass. 120 112 2o.'1 19.5 20 17 574,2113 
Buffalo, N.Y. 31 27 9.4 8.5 to a 46 3211,123 
Charlotte, N.C. 47 59 11.9 14.9 37 27 395,934 

Chicago, Ill. 705 "4 25.3 22.9 1S 13 2,7113,726 
Cinci,...ti, Ohio 52 .43 14.3 11.6 33 38 364,040 
Cleveland, Ohio 49 74 9.7 14.2 45 31 505,616 
Colorado Springs, Colo, 6 2 2.1 0.7 64 61 2111,140 
ColUIIbus, Ohio 62 lt9 9.8 8.6 43 45 632,910 

Corpus Christi, Tex. 30 20 11.7 7.0. 39 49 257,453 
Dallas, Tex. ZZ'l 197 22.7 111.6 16 19 1,006,877 
Denver, Colo. 29 33 6.2 6.6 53 S1 467,610 
Detroit, llich. 233 208 22.7 19.3 17 18 1,027,974 
El Paso, Tex. 101 as 19.6 16.4 n 24 515,342 

Ft. Worth, Tex. 75 89 16.8 18.2 26 20 447,619 
Fresno, Cal. 47 49 13.3 15.4 36 26 354,202 
Honolulu, Ha-11 102 82 27.1 21.6 12 14 377,059 
Houston, Tax. 522 496 32.0 24.6 8 11 1,'-30,553 
Indianapolis, Ind. 63 70 8.5 9.6 S1 41 741,952 

Jacksonville, Fla. 112 77 15.9 11.9 30 37 705,322 
Kansas City, llo. 38 39 8.7 8.8 51 43 435,146 
las Vevas, Nev. 211 17 9.5 6.5 ... 52 293,4'10 
lons !leach, Cal. 111 116 zs.a 27.6 14 9 429,433 
los Angeles, Cal. 944. 876 27.1 25.a 11 10 3,4115,3n 

LouisvUle, Ky. 39 33 14.5 11.5 31 39 269,063 
llellllthis, Tenn. 83 " 13.6 13.8 35 32 610,337 
llesa, Ariz. 7 9 2.4 3.2 62 59 288,091 
Hiaei, Fla. 272 zza 75.9 61.4 1 2 358,548 
llilwauk_, Wise. 30 62 4.8 10.3 59 40 628,088 

llinneapolis, Hinn. 34 27 '1.5 7.6 47 48 358 ,166 
HaslwUla, Tenn. 74 83 14.5 17.5 32 21 510,7114 
H-ark, N • .J. 1118 208 68.3 66.4 2 1 275,::21 
New Orl•ana, La. '2 114 18.5 21.4 zz 15 4'16 , 938 
New York, N.Y. 3,520 2,545 48.1 36.0 5 • 7,322,564 

Horlollt, Ve. 13 15 s.o s.s sa 54 2'1,22'1 
Oakland, Cal. 183 121 49.2 34.0 4 7 372,242 
Okl-'- City, Okla. 52 33 11.7 8.7 38 44 444,719 
OMaha, Nebr. 12 11 3.5 3.4 61 58 346,247 
Philadelphia, Pa. 253 2tol 16.0 14.6 29 29 1,585,577 

Phoenix, Ariz. 102 89 10.4 9.2 42 lt2 983,403 
PiHsburvt>, Pa. 40 47 10.8 12.5 41 36 369,1179 
Portland, Ore. 70 " 16.0 16.0 28 25 437,31'1 
Sa~to, Cal. 711 112 21.1 24.1 19 12 369,365 
st. louis, 11o. 46 3lt 11.6 8.1 ltl 47 396,685 

st. Paul, llinn. 12 lit 4.5 5.3 6t 56 267,968 
San Antonio, Tex. 131 126 14.0 13.6 34 34 935,933 
San Diego, Cal. 197 156 17.7 14.4 2lt 30 1,110,549 
San Francisco, Cal. 33lt 2:86 46.1 39.1 6 s 723,959 
San .Jon, Cal. 143 123 111.3 16.7 23 23 7112,248 

Santa Ana, Cal. 86 29.3 9 293,742 
Seattle, llasn. 89 " 17.7 13.7 25 33 501,800 
T_a, Fla. 107 123 38.2 42.7 7 It 2110.015 
Toledo, Ohio 8 16 2.4 4.7 n 57 332,'143 
Tucson, Ariz. 24 55 5.9 13.0 54 35 405,390 

Tulsa, Okla. 34 211 9.3 6.8 49 51 367,302 
Virginia Beach, Va. 26 20 6.6 5.7 52 53 3'13 , 01.'1 
Washington, D.C. 163 laB 26.9 31.1 13 8 60& , '\'00 
Wichita, Kans. 17 5 S . lt 1.7 55 60 304,011 

Total • 64 Cities 10,11511 9,378 24.2 21.2 44,111&,014 
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Fiqure 2 

Tuberculosis Incidence in Texas 
From 1983 Projected thru 1992 
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Circumstantial evidence would therefore suggest that our 
current approach to the management of tuberculosis is lacking. 
This review will focus on recent developments concerning the 
immunopathogenesis of TB, the epidemiology of TB and new advances 
in rapid diagnosis and therapy. 

MYCOBACTERIUM TUBERCULOSIS 

The genus mycobacterium was introduced to microbial taxonomy 
in 1896. Currently over 50 species are assigned to the genus. 
In general mycobacterium are defined by their ability to 
withstand decolorization with acid alcohol (i.e. acid fastness) 
following routine staining with auramine 0 or Ziehl-Neelsen 
protocols. Mycobacteria are obligate aerobes, tend to be 
intracellular parasites and usually have a slow rate of growth in 
vitro (2). 
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Table 3 

Runyon Classification of Nontuberculous Mycobacteria* 

Group 

1 
2 
3 
4 

Name 

Photochromogens 
Scotochromogens 
Nonchromogens 
Rapid growers 

Example 

(M. kansasii) 
(M. scrofulaceum) 
(M. avium complex) 
(M. fortuitum, M. chelonei ) 

*From Timpe, A., Runyon, E.H.: The relationship of 
"atypical" acid-fast bacteria to human disease: A 
preliminary report. J. Lab. Clin. Med. 33:202-209, 1954. 

Several classification schemes have been utilized to 
differentiate the different mycobacteria, including the Runyon 
scheme (Table 3) for identifying non-tuberculous mycobacteria 
based on pigment production (3). M. tuberculosis, like M. avium, 
does not produce significant pigment or grow rapidly in culture. 
Thus a wide battery of in vitro tests have. been developed to 
adequately identify the different species of mycobacteria (Table 
4) (4). Most useful amongst these is the production of niacin by 
M. tuberculosis but relatively few other species of mycobacteria. 

Table 4 

Tests to Differentiate Mycobacteria* 

Growth 

Growth 
Species Rate 

M. I ubaculosis s 
M. !>ot•ist s 
A·L kmzsasii s 
M. marinwn v 
M. simiae s 
M . scro(ulaceum s 
M. s:ulgai s 
M. X<'IIOpi s 
M. gordonae s 
M. az•ium s 

c..mzpl c:ct 
.\!. (tJTtuitum R 
. \.!. ·c/zdtHl<'i R 

Pigment 

N 
N 
p 
p 
p 
Scot 
Scot§ 
v 
Scot 
;\!:Scot 

N 
;\! 

Niacin 

+ 
-t 

-t 
+ 

-t 

Nitrate 
Reduction 

+ 

+ 

+ 

+ 

Catalase 
Stable 

>45 111111 68" c 

+ + 

+ + 
+ + 
+ + 

+ 
+ + 

v 

+ ... 
+ 

Tween 
Hydro!· 

ysis 
10 d 

v 

+ 
+ 

v 

+ 

v 
\' 

Arylsul· 
fatase 

Urease 3d 

+ 
+ 
+ 
+ v 
+ 
+ 
+ 

+ 
v 

on 5'7t 
Pyrazin· MacConkey 
amidase 

4d ;\'aCI Agar 

-t-

+ 

v 

+ 
v 
+ v 

\' 

•From Kubica. G . P. , Gross. \\' . :'-.1.. Hawkins. ). E .. Somml·rs. H . \ \' .. \ 'estal. A. L., \\'avne. L. G .: Lai:>llr.Ht>rv 'l'r\'ICl'' ,, 
mvcobacteria l d iseases . Am. Rev . Respir. Dis. 112:773-71'7, !975. \\'ith perm~Ssit>n. 

Key to abbreviations: S = slow; R = rapid( < 7 d) ; :"\ = nonphot<Khromo~!.'mc; P = photochromogenic; Scot = scotochn>mt>>;!.'mc; 
\' = \ 'Miable (t!.'st may be disregarded in 1dent1tkation pattt'rn) . · 

t:'-. lycobacterium bovis includes BCG; .\!. .wumz complex znclud!.'s .\!. m·izmz and .\!. illtmcdlularc. 
tOccasional strains may be niacin positive. 
§~lay be photochromogenic at 25• C. 
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Although these standard methods of differentiating 
mycobacteria remain in the forefront of laboratory practice, 
future advances in rapid diagnosis and therapy as well as a 
greater understanding of the pathogenesis of TB are likely to 
rely heavily on knowledge of the molecular and protein structure 
of mycobacteria. 

MOLECULAR CHARACTERIZATION OF M. TUBERCULOSIS 

Investigations concerning the genetics and molecular biology 
of M. tuberculosis and other mycobacteria have been difficult, in 
part owing to the slow rate of growth of these organisms in 
vitro. Nevertheless, analysis of genome size and DNA-DNA 
hybridization experiments have disclosed substantial differences 
between species ~f mycobacteria. M. tuberculosis has a genomic 
size of 2.5 x 10 daltons, significantly smaller than most other 
mycobacteria (5). Furthermore DNA-DNA hybridization studies, a 
somewhat crude method of determining homology by allowing 
separated DNA strands to "recognize" complementary strands, have 
revealed relatively little overlap between M. tuberculosis and 
other mycobacteria (Table 5) (6). Utilizing two different 
strains of M. TB (H37Ra and Erdmann) only M. bovis BCG 
demonstrated appreciable homology. Other studies analyzing 
ribosomal RNA (rRNA) gene sequences, which are highly conserved 
and thus useful for establishing phylogenetic relationships, have 
disclosed that fast and slow growing mycobacteria are well 
separated. However, among slow growing species 96% of the gene 
sequence was homologous (7). 

Table 5 

Relatedness Among Mycobacteria by DNA-DNA 
Hybridization to M. tuberculosis (Erdmann) 

Strain % Homology 

M. TB H37Rv 95 
M. TB (Erdmann) 100 
M. bovis BCG 97 
M. intracellulare 26 
M. Kansasii 24 
M. leprae 2 
M. marinum 6 

The development of restriction fragment length polymorphism 
(RFLP) analysis has allowed for more precise "fingerprinting" of 
mycobacterial species ( 8) . This technique can detect small 
differences (i.e. single basepair changes) in gene sequence. 
Numerous fragments of DNA are generated by restriction 
endonucleases which cut DNA at specific base sequences. The 
resultant fragments are electrophoresed on the basis of size and 
compared. Additionally, these fragments can be radiolabeled and 
utilized to probe chromosomal DNA by Southern hybridization. 
RFLP analysis has demonstrated that some regions of the M. 
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tuberculosis genome are highly conserved but enough divergence 
has occurred in other regions that different isolates of M. 
tuberculosis can easily be distinguished (Figure 3) as can M. TB 
and M. bovis. Several probes have been generated which recognize 
only the conserved regions of M. tuberculosis but not other 
mycobacteria commonly found in sputa. These probes are now being 
used in clinical trials (see below) to identify M. TB in sputa 
(9-11). Undoubtedly utilization of RFLP in the future will aid 
epidemiologic studies in defining "index" cases of tuberculosis 
and tracking the spread of infection within a community (12). 

Fiqure 3 

RFLPs of M. bovis BCG, M. avium, and Random 
Clinical Isolates of M. tuberculosis 
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LIPID STRUCTURE AND PROTEIN ANTIGENS OF M. TUBERCULOSIS 

Extensive characterization of lipid and protein components 
have been performed and are reviewed in several excellent sources 
( 13, 14) . For the purposes of this review a few of these 
components will be briefly summarized with emphasis placed on 
their role in pathogenesis. 

Mycobacterial Cell Wall 

Studies with isolated mycobacterial cell walls have 
indicated that a variety of host responses are either stimulated 
or frustrated by lipid components of this structure. 
Approximately 25% of the cell wall is composed of free lipids. 
The two most important groups of free lipids are: 

a) Mycosides - This group of glycosylated peptidolipids are 
located in the outer layer of the cell wall and tend to form long 
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parallel filaments around the bacterial cell. These structures 
are thought to be resistant to the action of most proteolytic 
enzymes and are thus likely to enhance survival of mycobacteria 
in the host. Additionally, receptors for mycobacterial phages 
are present on mycosides indicating a possible role for these 
substances in the transfer of genetic information from other 
organisms. 

b) Trehalose esters - These substances have been isolated 
from all mycobacteria. The most notable of trehalose esters is 
6,6'-dimycolate of a,a-0-trehalose, more commonly known as 
trehalose dimycolate (TOM) or cord factor. Several studies have 
suggested that cord factor inhibits fusion of phagosome and 
lysosome within a macrophage and thus may be an important 
virulence factor. However, other studies have shown that some 
avirulent strains of M. TB (HJ7Ra) contain TOM and introduction 
of cord factor - coated beads into macrophages did not disrupt 
phagosomes. Some forms of trehalose esters are sulfolipids, 
which also are capable of disrupting phagosomes. Although the 
exact role of trehalose esters as virulence factors remains 
uncertain, the location of these substances in the outer layer of 
the cell wall suggests they are important in modulating the 
effect of phagocytes. 

The main component of the cell wall is a covalent skeleton 
composed of molecules of arabinogalactan-mycolate linked to the 
peptidoglycan (comprised of 0-glucosamine, muramic acid, o
glutaminic acid, meso-diaminopimelic acid, L- and o-alanine in 
molar ratios of 1: 1: 1: 1: 1: o. 5) • This skeleton has a fairly 
uniform composition throughout all mycobacterium: Mycolic acids 
20-40%, neutral sugars (0-arabinose and 0-galactose) 30-40%, and 
peptidoglycan 18-25%. 

Among the many constituents of the cell wall skeleton, two 
deserve special attention: 

1) Muramyl dipeptide (MOP) - This component of peptidoglycan 
is a potent adjuvant, i.e. a substance capable of nonspecifically 
enhancing or modifying a variety of immune responses. MOP 
enhances both cellular and humoral immunity presumably by a 
direct effect on macrophages with resultant stimulation of T and 
B lymphocytes. Additionally, MOP is capable of inducing 
granulomata in mice following IV inoculation. Taken together 
these observations suggest that the peptidoglycan or some 
component of it is responsible for eliciting the characteristic 
granulomatous response to M. TB in humans. 

2) Lipoarabinomannan (LAM) - This highly immunogenic cell 
wall associated glycolipid is composed of repeating saccharide 
units of arabinose and mannose linked to a phosphatidylinositol 
moiety. This phospholipid moiety in turn attaches LAM to the 
cytoplasmic membrane of the bacilli. Recent evidence suggests 
that LAM, which is also found in other intracellular pathogens 
such as M. leprae and L. donovani, may be an important virulence 
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factor. LAM is capable of inhibiting macrophage effector 
functions by multiple mechanisms including: a) the scavenging of 
toxic oxygen species produced by phagocytic cells; b) the 
inhibition of protein kinase C activity with resultant alteration 
of signal transduction in macrophages and c) inhibition of 
transcription of gamma-interferon inducible genes in macrophages. 

PROTEIN ANTIGENS 

Although the structural components of M. TB potentially have 
a broad range of effects on host response, it is clear that 
protein antigens are most important in the development of 
protective immunity. In particular, it appears that such 
proteins are produced only by viable cells as the administration 
of killed mycobacteria fails to induce protective cell mediated 
immunity. Many classes of protein antigens have been described 
in mycobacteria (Figure 4). Two groups are probably most 
important for understanding the host response to M. TB. 

Fiqure 4 

Location of Different Classes of Protein Antigens. 
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Figure 1.5 Location of different classes of protein antigens. The defined protein 
antigens of mycobacteria show differences in their subcellular distribution. 

0 
Heat shock proteins (70/71 kD, 65 kD, 18 kD, 12 kD) and superoxide 
dismutase (23/28 kD) are predominantly cytoplasmic proteins, although they 
can also be found in the supernatant of logarithmic phase cultures. 

~ Proteins which are found in association with the cell membrane include the 
ij 35 kD antigen of M . leprae and a 31 kD antigen of M. avium-intracellulare. 

~ A strongly immunogenic SDS-insoluble protein aggregate is tightly associated 
~ with the cell wall of M. leprae. \ 

The 38 kD and 19 kD antigens of M. tuberculosis hav:: biochemical properties 
_a and sequence features which suggest that they may represent a class of 
? lipoproteins, possibly involved in transport of nutrients through the myco

bacterial cell wall. These proteins are also found in the culture medium. 

Major exported antigens include the BCG85 complex and the MPB64 and 

0 MPB70 antigens. These proteins are synthesized with a signal peptide and are 
actively secreted across the membrane. Members of the BCG85 complex are 
also found in a cell wall associated form. 
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Heat Shock Proteins 

Exposure of normal cells or micro-organisms to an increase 
in temperature results in the synthesis of proteins (heat shock 
proteins (HSP)) which are highly conserved in nature (15). It is 
apparent that other stresses such as exposure to oxidative 
radicals can induce synthesis of these proteins and thus the term 
"stress proteins" is often utilized. Several distinct HSP have 
been characterized in M. TB which are largely identical to HSP 
produced by E. coli. The major HSP is a 65 Kd protein, which is 
encoded for by the groEL gene in E. coli ( 16) • This protein 
normally comprises 1% of total cell protein in E. coli grown at 
37°C but accumulates to 15% after short term incubation at 46°C. 
The increase in protein synthesis is regulated by a specific heat 
shock promoter upstream of the 65 Kd gene. The function of this 
gene product is unclear. However, the protein is believed to 
exist in an oligomeric form and bears strong similarity to a 
group of proteins known as chaperon ins. These proteins are 
believed to associate post-translationally with other proteins to 
keep them in the proper folding pattern for membrane transport 
(Figure 5). 

Fiqure s 

structure of Chaperonins 

a 

c 

The 65 Kd protein is clearly a major antigen involved in 
stimulating humoral and cellular immunity to M. TB. Studies in 
mice have indicated that 20% of resting T cells capable of 
responding to M. tuberculosis are responding to the 65 Kd antigen 
(17,18). In man, the majority of patients with clinical 
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tuberculosis have significant antibody levels directed against 
the 65 Kd antigen and a high proportion of T cells respond to 
this antigen (19). Of particular importance, a subset ofT cells 
which are CD4- cos- (i.e. gammajdelta+) responded to TB but not 
to the 65 Kd antigen (20). These cells, which may be important 
in initial defense against M. TB, will be discussed further 
below. Although the 65 Kd HSP is strongly immunogenic, it does 
not provide protective immunity in mice, suggesting that the cell 
mediated immune response requires activity against other antigens 
(21). In addition to the 65 Kd HSP, a 71 Kd and a 12 Kd HSP have 
also been identified in M. TB. Their role in the immune response 
has been incompletely elucidated. However, a 28 Kd HSP which 
functions as a superoxide dismutase appears to strongly stimulate 
gamma-interferon production at the onset of infection. 

Export Proteins 

This group of proteins is produced only by viable, actively 
proliferating mycobacteria and thus are attractive candidates for 
inducing a protective response (21-23). These antigens are 
synthesized with a signal peptide necessary for postmembrane 
transport and have been shown to be capable of inducing 
protective immunity in mice. Export proteins are likely multiple 
but include the BCG85 complex, MPB64, and MPB70 antigens. 

PATHOGENESIS OF INFECTION DUE TO M. TUBERCULOSIS 

The advances in molecular and protein characterization of M. 
TB have been mirrored by an increased, though still incomplete, 
understanding of the pathogenesis of tuberculosis infection. In 
this section the clinical aspects of tuberculosis will be 
discussed with emphasis on the sequential nature of the host 
response during infection. 

Fiqure 6 

overview of Tuberculous Infection and Disease 

50% no effect 

Index Case ----)7 Contact ~ no disease (70-90%) 
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Infection in humans results from transmission of M. TB via 
the respiratory route from individual to individual (Figure 6). 
several factors influence the risk of TB transmission including 
the organism load and severity of cough in the index case, the 
duration and proximity of exposure to noninfected individuals, 
and the concentration of organisms in the air. 
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I. THE INDEX CASE 

The extent of roentgenographic disease correlates roughly 
with the number of viable bac~lli aviilable for transmission. 
Solid nodular lesions contain 10 to ~o organisms while cavitary 
disease is associated with 10 to 10 organisms (24). Patients 
with laryngeal TB may have fewer organisms but be highly 
infectious due to the proximity of the bacilli to ambient air. 
Organisms are vis:J-ble on AFB smears of expectorated sputa when 
between 5-10 x 10 organismsjml are present (25). Contacts of 
patients with positive smears have a significantly higher 
incidence of infection than contacts of patients whose smears are 
negative (26). 

Transmission of M. TB occurs by the production of droplet 
nuclei containing the organism (27). Coughing appears to be the 
most effective way of generating these infectious particles. The 
water content of aerosolized secretions evaporates rapidly 
leaving an airborne particle of 1-5 um (droplet nuclei). The 
size of the particle is crucial (28) as only droplets of this 
size are capable of reaching the alveolus; larger particles 
deposit in the upper respiratory tract and tend to be rapidly 
cleared by a variety of non-immune mechanisms. Droplet nuclei 
remain suspended in air for extended periods of time. 
Aerosolized TB demonstrate a 60% survival after 3 hours at room 
temperature and up to 32% survive after 9 hours (29). Thus an 
index case is capable of transmitting infection long after 
physically departing from an area with closed or recirculating 
ventilation. 

II. DEVELOPMENT OF De NOVO INFECTION IN THE NONIMMUNIZED 
HOST 

Mycobacterium reaching the alveolus are rapidly phagocytosed 
by alveolar macrophages (AM) (30). This process appears to be 
mediated through complement receptors 1 and 3 on AM (31). In 
some individuals the entire inoculum may be cleared by the 
mucociliary escalator. However in most cases the efficiency with 
which AM either growth inhibit or kill the ingested TB organisms 
is crucial to preventing establishment of infection. Individual 
virulence factors amongst differing strains of M. TB are also 
likely to influence the establishment of infection at this early 
stage but have been poorly described. More importantly genetic 
factors in the host directly affect the killing of M. TB at this 
point in the infection. 
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Susceptibility of mice to the establishment of infection is 
controlled in part by a single, dominant autosomal gene (the Beg 
gene) (32, 33). This gene is located on the centromeric portion 
of chromosome 1 (Figure 7) and shows homology with a conserved 
region of human chromosome 2. This gene appears to regulate T 
cell-independent macrophage activation for mycobacterial killing. 
It should be noted however that "resistant" mice can become 
infected with TB if the inoculum is high enough. In humans, 
several studies have suggested that ethnic differences in 
susceptibility to infection exist (Table 6) • Although 
socioeconomic factors may contribute to these differences data 
exists to suggest that genetic predisposition to infection is 
real. In a study of racially integrated nursing homes in 
Arkansas, Stead and colleagues reported a two-fold increase in 
the development of new infection (i.e. a newly converted skin 
test) in black residents compared to whites (34). Of note, no 
difference was found in the risk of progression to active disease 
between white and black residents suggesting that immune-mediated 
defenses subsequent to the establishment of infection were 
comparable. 
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Table 6 

Racial Differences in susceptibility 
to Infection by M.TB 

Whites Blacks Relative Risk 

1446/19,095 585/4049 1.9 
(7. 6) (14.4) 

31/881 57/755 2.1 
( 3. 5) (7. 5) 

54/393 41/150 2.0 
(13.7) (27.3) 

p 

<0.001 

<0.001 

<0.001 

Following a lag period of a few days intracellular organisms 
multiply and cause the AM to rupture. By this time an influx of 
peripheral blood mononuclear cells including phagocytes 
(monocytes) and lymphocytes have been recruited to the site of 
inoculation. The "free" mycobacterium are ingested by newly 
recruited mononuclear phagocytes. Data would suggest that 
significant differences exist between humans and mice in the 
mechanisms of defense at this stage of infection. 

In rodents resting macrophages are incapable of killing or 
growth inhibiting mycobacteria (35, 36). Activation of the 
macrophages requires the release of a number of cytokines by 
lymphocytes, most notably interferon-gamma and induction of tumor 
necrosis factor (TNF) in AM. Gamma interferon up-regulates a 
variety of macrophage functions including the production of toxic 
oxygen species and TNF and expression of major histocompatability 
antigens. In the mouse it also up-regulates the transcription of 
the gene for nitric oxide synthase (NOS) (37). NOS catalyzes the 
production of nitric oxide from L-arginine. Several 
investigators have demonstrated that murine macrophages require 
L-arginine to kill or growth inhibit intracellular pathogens 
including mycobacteria (38, 39). T lymphocytes expressing the 
gamma and delta chains of the T cell receptor are preferentially 
stimulated by M. TB (20). These cells are cytolytic and could 
potentially kill TB organisms. Additionally, these lymphocytes 
are potent secretors of gamma interferon and could activate AM. 

In humans, however, the antimycobacterial activity of AM or 
blood monocytes would appear independent of both gamma interferon 
and L-arginine (40, 41). There is little data to suggest that 
human AM increase their anti-TB prowess following incubation with 
potentially activating cytokines. Whether this reflects an 
inherent susceptibility of human AM to mycobacteria or the 
possibility that "resting" AM are already activated for maximal 
effect against a ubiquitous pathogen remains a matter of 
speculation. A recent report could not document any gammajdelta+ 
T cells in tuberculous lesions in humans ( 42) • In vitro data 
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suggests that 1, 25 (OH) 2 vitamin D3 may augment TB killing by 
human AM (43). 

If the growth of tuberculosis organisms goes unchecked, a 
critical burden is reached and the organisms gain access to the 
lymphatic system. This failure of initial local defenses is a 
"two-edged sword": Protective cell mediated immunity is 
generated in the regional lymph nodes. However, coinciding with 
the development of immunity hematogenous dissemination occurs to 
di~tant 

3
organs (43b-45). In rodents a bacillemia of between 

10 - 10 organisms occurs 20 days after inoculation and is 
coincident with the onset of reaction to purified protein 
derivative. These metastatic foci serve as the potential 
reservoir for the development of active infection at a later 
time. It is noteworthy that in animal models where a protective 
effect of BCG immunization is demonstrated that the protection 
clearly relates to a marked reduction in the degree of bacillemia 
following inoculation with TB. 

The development of a protective immune response against TB 
specifically requires the presentation of mycobacterial antigens 
by macrophages to resting CD4 T-lymphocytes. This highly 
specific reaction results in the generation of CD4+ T cells 
capable of recognizing mycobacterial antigen expressed by 
infected macrophages on the cell membrane in conjunction with 
Class II histocompatability antigen. Animals depleted of T cells 
are incapable of an immune response to TB (46). In humans AM are 
poor stimulators of resting T cells and thus the initiation of a 
protective immune response likely occurs in the regional lymph 
node ( 4 7) • However, AM can stimulate antigen-primed T cells 
which have "trafficked" back into the lung from the lymph node 
(4S). Thus a local proliferation of highly specific T cells can 
be induced at the site of disease after the immune response has 
been generated in the lymph node. 

The mechanisms by which CD4 cells provide protection against 
mycobacterium tuberculosis remain to be fully clarified. CD4 
cells can provide specific help to B lymphocytes and CDS 
(cytotoxic/suppressor) lymphocytes. Furthermore, cytokines 
produced by CD4 cells can regulate the function of mononuclear 
phagocytes in the lung and other organs. 

There is little controversy about the negligible role played 
by the humoral immune system in defense against TB. Despite the 
stimulation of specific immunoglobulin production, transfer of 
immune sera to animals at the time of inoculation has no effect 
on the development of infection. The role of CDS cells remains 
controversial. Depletion of CDS cells in animal models of TB has 
suggested that some component of protection early (Table 7) in 
experimental infection involves CDS cells (46). However, the 
magnitude of this involvement is clearly less than that of CD4 
cells. Indeed several studies now convincingly demonstrate that 
lysis of TB-infected macrophages is the domain of CD4 cells and 
that this activity peaks roughly 6 weeks after infection (49-52). 
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This lysis is specific: only macrophages expressing the 
appropriate antigen in conjunction with Class II antigen are 
lysed. The ultimate mediator of mycobacterial death following 
lysis of the infected macrophage is unclear. Possible hypotheses 
include the ingestion of the mycobacteria by a more competent 
phagocyte or loss of viability in an extracellula.r milieu rife 
with proteases and oxidants. Although the role of CD4 cells in 
animal models can not be necessarily extrapolated to human 
disease, the increased TB rate in CD4-depleted humans with HIV 
infection suggests a similar importance for these cells. 

Table 7 

Burden of M.TB in Mice 3 Weeks After Infection 

Depletion Log10 TB/Spleen 

None 5.77* 

cos+ 6.23*+ *p < .05 

CD4+ 6.78+ +p < .05 

The recruitment and proliferation of immune CD4 cells also 
results in the recruitment of additional mononuclear cells and 
the development of a granulomatous response. The mycobacterial 
lesion becomes necrotic and calcified. This primary lesion in 
the lung (Ghon lesion) is often accompanied by calcification in 
the hilar lymph nodes. If the initial lesion is not adequately 
sterilized, . progressive bacterial growth may result in a true 
tuberculous pneumonia. Radiographically the primary lesion is 
more commonly found in the lower lung fields corresponding to the 
greater ventilation of these lung areas. A subset of patients 
will develop a unilateral pleural effusion shortly after 
infection. This group of patients has an extremely high risk, 
perhaps as much as 60%, of developing active disease within 5 
years. 

Incomplete sterilization of tuberculous lesions is likely 
the rule rather than the exception. Clearly the inadequate 
sterilization of metastatic foci results in the high risk of 
developing clinically progressive TB shortly after initial 
infection. It is estimated that 3- 10% of individuals infected 
with TB will develop clinical disease within the first two years 
of infection (53) • However, after this period the risk falls 
rapidly in immunocompetent individuals to roughly . 05-.10% per 
year demonstrating the efficacy of the cell mediated immun~ 
response. Although some recent reports have documented that PPD 
patients can be re-infected by a different strain of M. TB (54) 
other data largely suggest that the development of clinical 
disease is the result of reactivation rather than re-infection. 
PPD- individuals exposed to patients with active disease had a 
rate of developing active TB directly proportional to the extent 
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of exposure. In contrast PPD+ individuals exposed to active 
disease had essentially the same rate of developing active 
disease regardless of the extent of exposure (55). RFLP analysis 
of isolates will likely prove a potent tool in settling this 
issue. 

The cell mediated response to TB declines with time in both 
mice and humans {56-58). One might hypothesize that the failure 
to completely eradicate all tuberculous organisms allows for the 
continued tonic stimulation of a protective response to TB. 
Given the high risk of progression to disease shortly after a new 
tuberculous infection (3-10%) and the relatively lower risk of 
reactivating dormant disease (2.5-5%/50 years) the relationship 
between host and remaining intracellular M. TB may truly be 
symbiotic. 

III. DEVELOPMENT OF CLINICAL DISEASE 

When the burden of organisms overwhelms the capacity of cell 
mediated immunity to kill or inhibit further mycobacterial growth 
clinical disease results. Circumstantial evidence would suggest 
that in the majority of individuals, this failure of immune 
defense is local. Extrapulmonary or disseminated tuberculosis 
accounts for 18-19% of all cases of TB at present. Although the 
incidence of extrapulmonary TB has progressively increased over 
the past decade, (59, 60) it is noteworthy that patients with 
enormous organism loads in the lung commonly do not have nodal 
enlargement or documented dissemination. In contrast, patients 
with profoundly reduced cell mediated immunity often have 
extrapulmonary TB. Patients infected with the human 
immunodeficiency virus who develop clinical TB have a high rate 
of extrapulmonary TB (55-60%) and frequently have enlarged 
thoracic lymph nodes (61). 

Table 8 

Risk Factors for Re-Activatinq TB 

Risk Factor 

Silicosis 
Immunosuppressive Rx 
Malignancy 
Hemophilia 
Hemodialysis 
Malnourishment 
Diabetes 
Gastrectomy 
Smoking 
AIDS 

Approximate Relative Risk 

30 
10-15 
10-15 

5-10 
10-15 

2-4 
2-4 

5 
2 

170 

Many variables can influence the risk of re-activating 
dormant TB and developing clinical disease (Table 8). However, a 
large number of patients have none of these predisposing factors. 
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Most commonly reactivation disease occurs in the apical or 
subapical regions of the lung, areas with a particularly high 
oxygen tension. The generally reduced perfusion of these lung 
areas might also predispose to inadequate distribution of 
specific immune cells and thus create a favorable environment for 
the development of disease. 

The clinical and roentgenographic manifestations of 
pulmonary TB are protean and are reviewed extensively in a number 
of sources (62, 63). Although malaise, weight loss, fever and 
cough are frequent, they may also be absent. The degree of 
radiologic involvement may not correlate with the severity of 
symptoms and patients with extensive disease can have minimal 
symptomatology. 

Radiologic abnormalities are often highly suggestive of 
active tuberculosis but may be nonspecific. Upper lobe cavitary 
disease with signs of volume loss are present in the majority of 
cases. Involvement of the anterior segment of the upper lobe 
alone is unusual. Patients with disseminated infection may 
display a miliary pattern or multiple cavities. The chest 
roentgenograph is highly valuable in suggesting a diagnosis of TB 
in immunocompetent patients but atypical presentations occur 
frequently. The acquisition of appropriate material for 
microbiologic or molecular evaluation is thus necessary to 
establish a diagnosis of active TB. Perhaps more important, 
however, is the presence of a high index of suspicion that 
disease may be present in certain patients particularly at risk. 

THE NEW EPIDEMIOLOGY OF TUBERCULOSIS 

HJV-lnfection 

Infection with the human immunodeficiency virus (HIV) has 
greatly altered the epidemiology of tuberculosis ( 64) and is 
believed to be largely responsible for the resurgence of TB. 
overall 3-8% of HIV infected patients in the United States have 
been diagnosed with clinical TB. However, in other parts of the 
world as many as 50% of HIV-infected patients may develop active 
tuberculosis. In the United states studies have shown that 25-50% 
of patients with newly diagnosed tuberculosis are HIV+, though 
there appears to be a wide range of positivity within the same 
geographical area. 
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Table 9 

Incidence of Active TB in IV Druq Abusers 
Followed Prospectively 

Percent PPD+ on entry 
Percent developing active TB 
PPD+ 
PPD-

HIV+ (215) 

23% 
4% 

7/8 
1/8 

N. Engl. J. Med. 320:545, 1989 

HIV- (298) 

20% 
0% 

Given the likely immunopathogenesis of TB the proclivity of 
HIV-infected patients to develop active TB can be understood. 
Cell mediated immunity against TB is dependent on CD4 T 
lymphocytes. As the CD4 count falls the major effector of 
defense is reduced. Studies have demonstrated that most cases of 
TB in the setting of a low CD4 count develop in individuals with 
prior evidence of infection (Table 9) ( 65) . However, HIV
infected patients are also at risk for the rapid development of 
clinical disease shortly after primary infection (66, 12). One 
recent report demonstrated that 7/18 HIV+ inpatients exposed to 
an index case of TB developed clinical disease within 60 days of 
exposure. Another report demonstrated rapid progression of 
primary disease contracted from a single index case using RFLP 
analysis (Figure 8). 

Fiqure 8 

Patient Number 

- 9.4 
-6.6 

-4.4 

-2.3 
- 2.0 

-1.3 

- 1.1 ••• -0.8 
. RFLPs of M. bovis BCG, M. intracel/ulare, and Clinical 

Mycobacterial Isolates from Residents of the HIV Congregate-
Living Site. 

Patients 1 and 2 were receiving antituberculosis therapy when 
they entered the facility. Tuberculosis developed in the remaining 
patients while they lived at the facility. Patient 8, who did not have 

positive cultures, is not shown. 
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It has recently been appreciated that HIV-infected patients 
with normal CD4 counts are also at an increased risk of 
reactivating TB (64). It is likely that low level stimulation of 
a specific "clone" of CD4 cells occurs in response to the few 
remaining viable mycobacteria scattered throughout the host. 
Because proliferating CD4 cells are more permissive for infection 
with HIV the "clone" of T cells responsible for defense against 
TB may be selectively deleted while the total CD4 count remains 
relatively normal. Overall current data suggests that infection 
with HIV is the greatest risk factor for the development of 
clinical TB. In Zaire HIV+ women had a 26 fold increased risk 
for developing TB compared to HIV- cohorts (67). It is estimated 
that an HIVT individual previously infected with TB has an 
8%jyear incidence of developing active disease (64). 

Table 10 

Results of Initial Pretreatment Chest Radioqraphys in Patients 
With and Without AIDS with Pulmonary Tuberculosis at Jackson 

Memorial Hospital, January 1, 1980 throuqh June 30, 1983 

Hilar andjor mediastinal 

Pts with AIDS 
(n=17) 

adenopathy 10(59) 

Localized pulmonary 
infiltrates involving 
middle or lower lung field 5(29) 

Localized pulmonary 
infiltrates involving 
upper lobes 3(18) 

Pulmonary cavities 0(0) 

No pulmonary infiltrates 6(35) 

Pts w/o AIDS 
(n=30) 

1 (3) 

1 (3) 

29(97) 

20(67) 

0 (0) 

Am. Rev. Respir. Dis. 131:393, 1985 

p Values 

<0.001 

<0.05 

<0.001 

<0.001 

<0.005 

The clinical presentation of TB in HIV-infected individuals 
is variable. Patients with normal CD4 counts may have 
radiographic presentations similar to HIV- individuals. However, 
HIV+ patients with normal CD4 counts also have a greater 
incidence of extrapulmonary TB (25-40%). Patients with low CD4 
counts tend to have markedly different radiographic presentations 
from the classical upper lobe cavitary disease of immunocompetent 
patients (Table 10) (61). The presence of mediastinal or hilar 
adenopathy in an HIV~ individual should suggest TB until proven 
otherwise. Extra pulmonary TB occurs in well over 50% of AIDS 
patients though the majority of these patients also demonstrate 
pulmonary involvement. Sputum stains are positive 50-70% of the 
time but diagnosis is frequently made only upon culture. 
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Bronchoscopically obtained specimens appear to add little 
sensitivity to routine sputum culture. 

Immigrants 

In 1986 23% of TB cases in the United States occurred in 
individuals born outside this country. Immigrants from Southeast 
Asia, Africa, and Latin America had particularly high rates of 
clinical disease. A recent report suggests that routine clinical 
evaluation (CXR, history & physical) may be ineffective in 
screening for active TB in this patient group (66b). In a 
prospective study performed in Seattle 249 immigrants considered 
to have inactive disease based on clinical grounds had sputum 
samples obtained for culture. In this group 13/249 (5.2%) had 
active TB documented by positive cultures. Whether mass 
screening of immigrant populations is "cost-effective" is 
uncertain. Nevertheless, this study illustrates the limitation 
of routine screening without sputum culture in high risk 
populations. 

Nursing Homes, Homeless Shelters, Prisons 

Numerous outbreaks of active TB have been reported in 
chronic care facilities, homeless shelters and prisons (67b-70). 
Data from two outbreaks in homeless shelters suggest that 50-60% 
of cases in these facilities may stem from a single index case. 
New infection, as documented by conversion to PPD+ status, 
approached 20% of the previously PPD- population/year. 
Institution of routine screening, repetitive skin testing and 
supervised therapy of clients with active disease resulted in a 
marked curtailment of further cases over the succeeding 2 years 
in a Seattle shelter. Of note, these series have suggested that 
approximately 10% of new cases of active TB in this setting were 
the result of re-infection with a different strain of TB in 
previously PPD+ individuals (54, 67b). Recent concern has 
focused on the transmission of TB strains which are resistant to 
multiple chemotherapeutic agents in these settings. The "cost 
effectiveness" of mass screening in these populations has not 
been established. 

Medical Personnel 

Surveys of skin test conversion among hospital employees 
vary from 0.11% annually in areas of low rates of active TB to 
2.3% annually in hospitals with higher incidence of active 
disease (71). Medical housestaff at an institution with a large 
number of TB cases (Jackson Memorial Hospital in Miami, Florida) 
had a conversion rate of 4%/year (72). Physicians performing 
invasive procedures likely to induce coughing, such as intubation 
or bronchoscopy are also at increased risk. In one study 11% of 
uninfected pulmonary fellows converted their skin test during the 
course of fellowship as compared with 2.4% of infectious disease 
fellows (73). Although the high incidence of infection among 
pulmonary fellows may reflect exposure to patients with 
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unsuspected TB, it is also possible that the performance of 
elective procedures on patients receiving medication and thought 
to be noninfectious contributes to infection. It is likely that 
infection of medical personnel will increase as the incidence of 
TB in the general population rises. A recent article quotes a 
14% rate of skin test conversion in medicine house officers at 
Mt. Sinai Hospital in New York City. As physicians are 
notoriously noncompliant in following CDC guidelines for 
prevention of tuberculous infection (74) some authors have 
advocated immunization of house officers with BCG prior to the 
onset of training (75). 

DIAGNOSIS OP TUBERCULOUS INFECTION AND ACTIVE DISEASE 

Tuberculin Skin Test 

The hallmark of cell mediated immunity to M. tuberculosis is 
reaction to an intracutaneous injection of tuberculin antigen 
(76). Although this test has many pitfalls, it remains the most 
useful diagnostic test for the detection of an individual 
infected with TB. The most commonly used and most specific skin 
test employs 5 tuberculin units (0.0001 mg) of purified protein 
derivative (PPD). Induration of 10 mm or more 48-72 hours post 
injection is indicative of tuberculous infection. Some authors 
have argued that skin tests >5 mm be considered positive in high 
risk patients (children, HIV-infected). There is some degree of 
cross reactivity with atypical mycobacteria and thus "false 
positives" can occur (Figure 9). Additionally individuals 
vaccinated with BCG can display a positive PPD. · Patients with 
remote history of tuberculous infection and a PPD <10 mm may 
develop a >10 mm reaction from a "booster" effect if tested 
repeatedly within a short time span (77, 78). 
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Induration, mm 

Percentage distribution of reaction sizes to 5 TU PPD. 
The dotted line represents the "negative" or 
nonsignificant" reactions and the solid line "positive" 
or "significant" reactions indicative of tuberculous 
infections. The reactions to tuberculin in those 
infected with nontuberculous mycobacteria are 
represneted by the dashed 1 ine. (From Edwards, P. Q. , 
Edwards, L.B.: Quantitative aspects of tuberculin 
sensitivity. Am. Rev. Respir. Dis. 81:24-32, 1960). 

Negative reactions to PPD must be interpreted somewhat more 
cautiously. Between 15-20% of patients with active TB may have 
negative skin tests (79). This may either be accompanied by 
anergy to other antigens or may be specific for PPD. A negative 
skin test in a patient thought to have active disease therefore 
does not exclude the diagnosis. Immunocompromised or 
malnourished patients are particularly at risk for nonreactive 
skin tests. Cutaneous anergy can also occur in patients with 
competent cell mediated immunity due to the action of suppressor 
cells and thus does not necessarily indicate an immunosuppressed 
state (80). 

DIAGNOSIS OF ACTIVE INFECTION 

As mentioned previously smears for acid fast organisms are 
sensitive only when organism burden is relatively large. 
Furthermore speciation of mycobacteria requires expansion of the 
organism load by in vitro culture. Because most pathogenic 
mycobacteria are slow growers (4-6 weeks prior to testing) 
significant attention has been devoted to the development of 
rapid diagnostic methods for TB. Several different advances in 
technology have been reported in the last decade. Many of these 
will take extended periods to become widely available. However 
three specific technologies have already demonstrated utility and 
in most cases practicality. 
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1. The BACTEC System 

This automated radiometric system relies on the metabolism 
of palmitic acid to C02 by mycobacteria. Carbon-14 labeled 
palmitic acid is thus metabolized to 14co2 which is collected in 
the BACTEC ~nstrument for measurement of radioactivity (81). The 
amount of 1 C02 produced correlates highly with bacterial growth 
and has reduced the time required for isolation and 
identification of mycobacteria to 2-4 weeks. BACTEC technology 
is currently utilized in many laboratories for identification and 
drug-susceptibility testing (82). Early experience with the 
liquid medium utilized in this system demonstrated that 
overgrowth of contaminating organisms was a problem. However, 
subsequent modification of the culture medium has largely 
alleviated this concern. Initial differentiation of TB from non 
tuberculous mycobacteria can be accomplished using the NAP test. 
This precursor of chloramphenicol inhibits all mycobacteria 
except TB. A 5 day incubation of developed BACTEC cultures with 
NAP is a rapid mechanism for identifying M. TB. 

2. Serologic Testing 

Although the humoral response to M.TB is not protective it 
could prove useful for the diagnosis of tuberculous infection. 
The major limitation to serologic testing has been the 
availability of highly purified antigens specific for TB. Among 
the most widely utilized serologic tests has been an 
enzyme-linked immunoabsorbent assay (ELISA) for antibody to M. TB 
antigen 5. The ELISA is relatively cheap and may prove useful in 
clinical situations such as tuberculous meningitis or other forms 
of extrapulmonary TB. However, analysis of the ELISA in a large 
trial (83) of patients with pulmonary TB in Bolivia revealed a 
sensitivity of 60% and a specificity of 88%, both inferior to 
chest radiograph or sputum smear (sensitivity 96% and 79%; 
specificity 95% and 100% respectively). An ELISA to the 38KD 
M. TB antigen yielded a 73% sensitivity in cases of 
extrapulmonary TB and 70% in smear-negative cases of pulmonary TB 
( 84) • studies utilizing other purified antigens have given 
similar results. This technology while promising thus remains 
unproven. Some authors have utilized a somewhat different 
experimental approach by assaying directly for tuberculous 
antigens using ELISA analysis of BACTEC bottles (85). The method 
was highly sensitive and decreased the time necessary to detect 
M. TB by 12 days. This technique has not been used prospectively 
in a clinical situation however. 

3. Molecular Probe Analysis and PCR 

Several approaches have been utilized to rapidly diagnose 
M. TB and distinguish it from other mycobacteria. As mentioned 
earlier several eDNA probes have been generated which are 
specific for TB (86, 87). Slot blotting for the detection of 
mycobacterial DNA appears to be impractical for common use. DNA 
from at least 104 bacilli must be appropriately extracted from 
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sputa samples. Some authors have reported a sensitivity of 90% 
in sputum samples but the test was only 83% specific. The more 
specific use of Southern blotting has to date been unsuccessful 
in detecting TB in cervical lymph nodes and is likely impractical 
for widespread use. 

Ribosomal RNA (rRNA) is present in excess in bacterial cells 
(104 copiesjcell) and is potentially useful for rapid diagnosis 
( 88, 89) • A commercially available system for detection of 
~¥~abacterial rRNA has been marketed by Gen-Probe. Using an 

I-labeled eDNA probe to mycobacterial rRNA an index of 
hybridized probe to unbound probe can be calculated after a 2 
hour incubation. Hybridization values > 10% are deemed 
significant and the results in a number of laboratories have been 
impressive. Sensitivity and specificity > 95% have been 
reported. Several drawbacks to the current Gen-Probe system 
exist. The system is expensive ($33/isolate) and has a 
relatively short shelf life. Some investigators have criticized 
the Gen-Probe system because of its inability to differentiate 
M.TB from M. bovis. However, in the u.s. the probability of an 
isolate being M. bovis is < 1%. Probably the greatest limitation 
to this test is that a visib~e mycobacterial colony corresponding 
to a concentration of 6 x 10 organismsjml must be utilized as a 
starting point. Although the Gen-Probe system can be utilized 
with BACTEC cultures it does not lend itself to rapid diagnosis 
of sputa samples. 

Perhaps the most promising approach is utilization of the 
polymerase chain reaction (PCR) (90, 91). This procedure is 
relatively inexpensive and lends itself to being performed in 
bulk. Twenty-five repetitives cycles consisting of denaturing 
the original template, hybridization of 15-25 base 
oligonucleotide primers to the specific sequence desired, and de 
novo DNA synthesis produced by a DNA polymerase will 
theoretically yield a 33 million-fold amplification of a single 
strand of DNA. Although this degree of amplification is usually 
not accomplished the amount generated is still sufficient to be 
visualized on a gel following electrophoresis (Figure 10). This 
procedure takes approximately 24 hours from start to finish and 
can detect as few as 10-100 total bacteria in a sputum sample. 
If hybridization of the amplified DNA to a specific probe is 
required for more definitive identification an additional 24-48 
hours is required. 
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. . Electrophoretic separation of amplified DNA from sputum samples by PCR. One-half (25 ~I) of reaction 

was electrophoresed on a 12% acrylamide gel and stained with ethidium bromide (top). The DNA was electroblot
ted to a membrane, which was probed with 32P-Iabeled 123-bp fragment (bottom). Lane 0, 123-bp ladder marker; 
lane 13, M. tuberculosis DNA; lane 14, PCR negative control; lanes 1, 6, 8, 10, 11, and 12, smear- and culture
negative samples; lanes 3, 4, 5, 7, and 9, smear and culture positive for M. tuberculosis; lane 2, smear positive 
and culture negative for M. tuberculosis. In lane 3, PCR product was seen as a faint band on the gel; however, 
it is not visible on this photograph . Note, target DNA is preferentially synthesized over control DNA, giving a de
creased amount of or no amplified control DNA when target DNA is present. The 123-bp target fragment and 
the 600 bp internal control fragment are designated with arrows. 

Several eDNA oligonucleotides have been generated which are 
highly specific for M. TB. A recent study (92) obtained sputum 
samples from 162 patients (Table 11) • Specimens were digested 
and PCR for a 123 base pair sequence within the IS6110 region of 
the M. TB genome performed. Fifty-one sputum samples were smear 
positive, culture positive or both. PCR was positive in 50/51 
cases. However, relatively few samples which were smear negative 
were tested and this is clearly the group of subjects most at 
interest. In 42 patients nontuberculous mycobacteria were 
cultured. The PCR was negative in 41/42. Patients on 
chemotherapy but with culture proven TB previously had a negative 
PCR. These results though still preliminary are encouraging. 
Future applications of PCR are likely to also identify drug 
resistance at the time of diagnosis. The same procedures 
outlined above can be utilized once the sequences conferring drug 
resistance are identified. 



27 

Table 11 

Detection of M.TB in Sputum by PCR 

+ + - + + Tuberculous Smear /Culture s jc S /C s jc 

PCR + 42 1 4 2 
PCR - 0 1 0 40 

Nontuberculous 

PCR + 0 0 0 0 
PCR - 24 3 2 7 

Am. Rev. Respir. Dis . .1.!.!: 1160 1991 

THERAPY 

Close Contacts Of Infected Patients 

Household contacts of patients with active pulmonary disease 
are estimated to have a 2-4% risk of developing active disease in 
the year following exposure (93, 94). Patients with a negative 
skin test but history of exposure (Group I) may have had 
insufficient time to generate a cell mediated response. The 
current recommendation of the CDC is that all close contacts be 
treated with INH pending a repeat skin test in 2-3 months. This 
approach seems most warranted in young children in whom the risk 
of INH hepatotoxicity is small and in adults with altered 
immunity. 

Infected Patients, No Evidence Of Clincial Disease 

Patients with a positive reaction to PPD but no evidence of 
clinical disease are infected with M. TB (Group II). In some 
Group II patients an increased risk of developing clinical 
disease mandates the use of anti-mycobacterial drugs. The widely 
used term "prophylactic therapy" in this situation is thus a 
misnomer - the patients are already infected. Several groups of 
patients have been identified who require therapy with INH 
regardless of their age (Table 8) (95-97). 

The major risk of INH therapy is hepatitis (98-100). The 
incidence of hepatitis increases with age in a linear fashion. 
Most patients treated with INH will transiently elevate their 
transaminases at 6-8 weeks of therapy. However, true INH 
hepatitis usually does not occur until 3-6 months of therapy. 
The major exception to this is seen in patients treated 
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concomitantly with rifampin. These patients can demonstrate 
elevated transaminases, bilirubin, alkaline phosphatase and 
prothrombin time within a week of the onset of therapy. This 
effect is almost always related to rifampin and most patients in 
this setting can have INH alone reinstituted when liver function 
returns to normal. The current CDC recommendations suggest that 
patients under the age of 35 with positive skin tests receive INH 
therapy. The logic behind this is somewhat circuitous as the 
rate of TB cases prevented becomes equivalent to the rate of INH 
hepatitis at age 45 (101). 
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Service trials of isoniazid preventive therapy. (From 
Ferebee, SH: Controlled chemoprophylaxis trials in 
tuberculosis: A general review. Adv. Tuberc. Res. 17:28-106, 
1970.) 

Prior data demonstrated that 1 year of INH 300 mgjday 
resulted in a 60% reduction in cases of TB in PPD+ individuals 
compared to placebo (Figure 11) (102). Subsequent nonprospective 
studies have suggested that the reduction of active disease 
produced by 6 months therapy approaches that of 1 year (97, 103). 
Thus the current recommendation for therapy is a minimum of 6 
months ( 104) • Longer time periods are believed to be required 
for HIV-infected patients but without any clear-cut data. Animal 
data has suggested that 2 months of therapy with rifampin and 
pyrazinamide (PZA) is superior to 6 months of INH alone (105). 
Given the rising incidence of INH resistant organisms the value 
of INH therapy may decline. Current recommendations suggest that 
rifampin be substituted when INH-resistance is suspected. 
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Patients With Clinical Disease 

It ts estimated that spontaneous resistance occurs ior INH 
in 1/10 organis~s, rifampin 1/108 , ethambutol 1/10 , and 
streptomycin 1/10 (106). Thus patients with active disease 
(Group III) require therapy with more than one agent. Because of 
the low incidence of drug resistant TB cases in the early 1980's, 
routine susceptibility testing was discontinued in many 
laboratories. As such accurate data on the true prevalence of 
drug resistance is lacking. The New York Times recently reported 
that 20% of current isolates in New York City are resistant to 
INH. Significant attention has focused on the emergence of 
multiply resistant organisms. Fourteen individuals in a prison 
in New York recently died of disease from a multiply resistant 
strain. These individuals were predominantly HIVT and this 
outbreak has received wide attention. 

The mechanism of drug resistance in TB organisms is unknown. 
It is believed that resistance is chromosomal rather than plasmid 
derived. Clearly the greatest risk of drug resistant disease 
occurs in individuals who discontinue therapy prematurely or take 
only one anti-TB drug (107, 108). In the Philippines over 50% of 
isolates in a population with a history of prior therapy and 
resurgent disease were resistant to at least 2 drugs. However, 
in poorer nations where anti-TB drugs were more scarce only 3% of 
isolates were multiply resistant. 

Noncompliance with therapy continues to be the major 
obstacle to therapy of TB. In a study (109) of 224 TB patients 
admitted to Harlem Hospital in New York City 68% had unstable 
housing situations, 64% were IV drug or crack cocaine users, 53% 
had a history of heavy ethanol consumption and 50% were HIV+. 
89% of discharged patients were lost to follow-up and failed to 
complete therapy. Roughly 27% of this group was re-admitted with 
active disease within 12 months. 88% of this group were again 
lost to follow-up. Analysis of risk factors demonstrated 
noncompliance was significantly associated with homelessness and 
alcohol abuse. HIV+ patients were significantly more likely to 
complete therapy. 
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Table 12 

Regimens With 95% Efficacy for susceptible TB 

6 months* INH, Rifampin, PZA (2 months) 
INH, Rifampin (4 months) 

9 months* INH, Rifampin, Ethambutol (2 months) 
INH, Rifampin (7 months) 

12 months INH, Ethambutol, (Strep or Rif) x 3 months 
INH, Ethambutol (9 months) 

18 months INH, Ethambutol 

*ATS/CDC Recommendations 

Table 13 

Druqs Used in Chemotherapy of Tuberculosis 

DRL'G 

First-line :\gents 
Isoniazid 

Rifampin 

Pyrazinamide 

Ethambutol 

Streptonl\'cin 

Sen11rd-line .-\l!ents 
Par;l-anlinn

'alicdie .1l'ld 
Ethion.anude 

C.lpreOIIl\Tin. 
bnanl\elll 

Tllit>at'dazorl<" 

.\Dl'LT DOS.\GE 

Daily 

5-10 mg. kg. up to 300 mg 
poor im 

10-15 ml! kg. up to 600 mg 
po 

25 me ke:. up to 2 g po 

15-25 mg· kg, up to 
2.5 gpo 

15 mg kg, up to 1 g im 

150 1111! kl!. up to 12 I! po 

1-'i Ill!! kt:. up to 1 !! pn 

}.) Ill'.! k!.!. up to I 1! po 

L>I .'i lll!!kl!. up to 11! irn 

1.')0 llll!d 

Trdcc \\ 'eck/!1 

15 mg/kg po or im 

600 mg po 

50 m~kg, up to 3.5 g 
po 

50 mgtkg po 

25-30 mgtkg im 

C0\1\10\" .\D\'ERSE EFFECTS 

Hepatitis. peripheral neuropath\' . central 
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Hepatotoxicil\·. hyperuril'emia. arthral
gia. skin rash 
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and rt'\'ersrhlei. ,kin rcL•h . 

\'Ill cranial nerve thuna~:e 1 ,·estihulari. 
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c ... trornll·,tur.ll "1'"'1. ht·palotll\ll'it\'. 
hont• marrow '"PPU'''IOIL r,,,h tlll.l\. 
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A number of regimens have been demonstrated to have a cure 
rate of 95% or better (Table 12) (110-112). Toxicity amongst 
these regimens is comparable and serious toxicity from each 
first line agent occurs in < 5% of patients (Table 13). In 
addition, several forms of intermittent therapy (113-116) lending 
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themselves to supervised administration have proved efficacious 
(Table 14). In most studies, utilization of pyrazinamide (PZA) 
appears key to the efficacy of intermittent regimens. Patients 
with INH resistant organisms tend to have 95% cure rates when 
treated with appropriate therapy. However, the success rate in 
patients with rifampin resistant organisms appears to be 
significantly lower in some studies. 

Table 14 

Intenli ttent Regimens With 95% Efficacy for TB 

6 months INH, Rif, PZA, Strep daily x 2 weeks; 
INH, Rif, PZA 2 X /Week X 6 weeks; 
INH, Rif, 2 x 1 week x 18 weeks 

6 months INH, Rif, PZA, Strep 3 X I week 

6 months INH, Rif, PZA 3 x I week 

Current data in the u.s. suggests that HIV+ patients respond 
well to standard therapy. Despite a high mortality (6%) in the 
month following diagnosis, patients surviving this period 
evidence a 98% cure rate for TB (117). Studies in Africa, 
however, suggest a poorer response to therapy in HIV+ patients 
( 118) . 

A frequent concern is the time course during which patients 
placed on therapy become noninfectious. This likely has several 
variables including initial organism load, the presence of drug 
resistant organisms, and severity of continued cough. Data 
suggests that after 2 weeks of therapy patients with INH 
sensitive TB di~play a 99% reduction in organ~m load. Thus a 
patient with 10 organisms would still have 10 organisms after 
two weeks (119). Several studies, however, suggest that patients 
returned to their home environment after short periods of therapy 
cease infecting previously uninfected individuals (120, 121). 
Active disease developed in 9% of close contacts of TB patients 
returned home versus 14% of contacts when the index case was kept 
in a sanatorium in Madras, India. Studies in Arkansas also 
demonstrated no difference in the rate of skin test conversion or 
active disease in household contacts of patients returned home 
after 1 month of therapy. Still the time at which patients 
become noninfective is elusive. From the above studies it seems 
logical that patients should be discharged home rather than kept 
in unisolated hospital rooms. It is likely that 5-7 days of 
initial inpatient therapy under conditions of strict respiratory 
isolation prior to discharge is sufficient in most patients. 

VACCINES 

The majority of clinical disease results from the 
reactivation of disseminated tubercle bacilli. In animal 
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studies, vaccination with M. bovis BCG markedly reduces the 
number of TB bacilli which disseminate after initial infection. 

Fiqure 12 

Summary of Estimates of the Efficacy of 
BCG vaccines Against Tuberculosis 
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Vaccination with BCG, an attenuated strain of live M. bovis, 
is utilized in 60-70% of the world ( 122) • The data concerning 
efficacy of this vaccine has been highly variable (Figure 12) . 
This reflects a number of factors including variations in the 
type of BCG used, ethnic differences in response to a given 
antigen, and previous immunization by contact with other 
nontuberculous mycobacteria in the environment. Because BCG has 
the potential to disseminate it is currently not recommended for 
use in HIV-infected patients. Nevertheless, some ethnic groups 
and high risk populations may benefit from BCG. 

Future attempts at designing more effective vaccines are a 
high priority of the World Health Organization. Although many 
cell wall components of mycobacteria are highly immunogenic, it 
is apparent that live mycobacteria are required for the 
development of protective immunity (21-23). Identification of 
the proteins responsible for the development of a competent 
immune response to TB should allow for the construction of 
recombinant BCG capable of more effectively conveying protection. 

THE CURRENT EPIDEMIC 

A combination of medical (HIV), social (homelessness, drug 
abuse), and governmental factors have coalesced to provide a 
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fertile environment for the resurgence of TB. 
would seem important for stemming the tide: 

Several steps 

1. Hrv+ patients should have skin tests and CXR performed 
at the time of diagnosis. Patients with low CD4 counts should 
have sputa obtained for culture at least once a year. Close 
contacts of infected patients should be actively sought. 

2 • Immigrants with an abnormal CXR suggesting quiescent 
disease should have sputa obtained for culture. 

3 • . Yearly skin testing should be performed on prison 
inmates, nursing home residents, clients of homeless shelters and 
medical personnel dealing with high risk populations. 

4. Programs allowing for supervised therapy including 
incarceration when necessary should be developed and supported by 
federal, state and local health agencies. 
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Fig. 1. USA National Tuber.:ulosis 
Rate/100,000 population 1980 to 1990 
(see text) . 

Fig. 2. New York City Tuberculosis 
Rate/100,000 population 1969 to 1989 
(adapted from [4]) (see text). 
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Analysis of statistics in urban areas of the U.S. suggest 
that a public health disaster is occurring. It is paradoxical 
that TB is resurgent when diagnosis and therapy of active disease 
is more effective than ever before. Some authors have referred 
to a "U-shaped curve of concern" (123) (Figure 13) for TB. An 
initial phase of improvement results in the lessening of concern 
and reduction of committed resources. Support for programs which 
are effective are decreased until the "controlled" disease begins 
to resurge. In 1969, Federal support for TB control was in 
excess of $20 million. By 1982 this had declined to $1 million 
and was still only $9 million in 1991. . It seems apparent that 
the will to combat tuberculosis declined in the 1980's. Unless a 
concerted effort is made in the near future the current epidemic 
will likely pale in comparison to what awaits down the road. 
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