
On the Track of "I(illerss TB 
The appearance of drug-resistant strains of the disease was predictable, but scientists are 
scrambling to understand how the bacillus works and to find weapons against it 
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WHEN A DRUG-RESISTANT STRAIN OF launch their careers. It just wasn't a 
the tuberculosis bacillus began killing disease with sex appeal, and now we're 
inmates in New York City prisons late in a catch-up game." I 

8 
last year, the small cadre of researchers On a global scale, experts concede, 8 
who study the age-old scourge were the game was never close to being ! 
not surprised. A major TB outbreak won. The so-called white plague con- - 
has been "just waiting to  happen," says sistently kills about 3 million individu- 
Barry Bloom, a Howard Hughes inves- als every year-more than any other 3 
tigator at the Albert Einstein College single infectious disease. In the United k 
of Medicine in New York. "This is a States, however, incidence of the dis- 3 
neglected disease that is now coming ease declined steadily after 1948-un- $ 
back to haunt us." ti1 the number of cases began to rise $ 

For years, Bloom and others note in again in the late 1980s. Researchers say 
frustration, U.S. health officials have there is no evidence for increased mu- 2 
treated TB as a disease that had been all tation rates in M. tuberculosis, nor is 8 
but conquered. Research budgets increased virulence to  blame for the f 
shrank, the  federal government recent fatal outbreaks of the disease. 
stopped monitoring the appearance of macrophage. Researchers are trying Out how. Rather, years of poor compliance 
drug-resistant strains, and in recent among TB patients unwilling to take 
decades very few new drugs have been de- 
veloped against the TB bacillus. Meanwhile, 
a deadly confluence of factors, including 
growing numbers of homeless and HIV- 
infected people, many ofwhom are immune 
suppressed and living in crowded conditions 
with poor access to  health care, provided an 
ideal environment for the disease to make a 
comeback. 

ics ofM. tuberculosis. The bacterium differs 
radically from most other bacilli in its bio- 
chemistry, growth characteristics, and the 
nature of its protective cell wall-a prime 
target for antimicrobial drugs. Indeed, the 
mechanisms by which "front-line" TB 
drugs-isoniazid, rifampin, pyrazinamide, 
and ethambutol-kill the tubercle bacillus 
have remained essentially a mystery since 

their medicine for the full 6 to 18 months 
needed to kill the bugs has led to the gradual 
development of stralns that are now resis- 
tant to as many as nine of the 11 most 
commonly tested drugs (see box). And al- 
though a trend toward drug resistance has 
been obvious for some time, the severity of 
the crisis went largely unrecognized in re- 
cent years, in part because federal surveil- 
lance programs designed to track TB drug- 
resistance trends were eliminated in 1986 
for budgetary reasons. 

Now the handful of scientists who still 
work with M. tuberculosis are trying to  
make up for lost time, but they are up 
against a balky and wily foe. Most irritating 
to  researchers is the bug's frustratingly slow 
growth rate in culture. While 8 hours is 
typically enough time to  grow lo8 colonies 
of E. coli in a culture dish, it takes a full 3 
weeks to get that many M. tuberculosis 
colonies. I t  can take another 1 to  3 weeks to 
get a population big enough to  perform a 
full panel of drug susceptibility studies, and 
an additional 3 to  4 weeks to get results 
from those tests. Equivalent studies with 
other bacteria can be accomplished in a 
matter of days. 

In addition to  slowing the pace of re- 
search, these glacial growth rates wreak 
havoc in clinical laboratories. Immune-sup- 
pressed individuals such as those with AIDS 
can get fulminant TB within weeks after 
exposure to the bacterium, and the disease 

Now, like the sequel to these compounds were dis- 
an almost forgotten horror ' covered decades ago. And 
movie, tuberculosis is back even less is known about 
with a vengeance: Drug-re- 5 the means by which newly 
sistant strains of Mycobac- I emerging strains of M. tu- 
terium tuberculosis, the berculosis now manage to 
highly contagious bacillus thrive in the presence of 
that causes TB, have been these once uniformly effec- 
showing up in prisons and tive drugs. 
hospitals across the country "We know very little 
and appear poised to  spread about TB pathogenesis. 
to  a broader population. And we know almost noth- 
Federal and state health ing about the kinds of im- 
agencies are consequently mune response necessary to 
scrambling to  remedy years beat it," says Bloom. "Ev- 
of research neglect, and sci- erybody said the battle was 
entists are frantically trying won," adds Michael Ise- 
to develop new diagnostic Barry Bloom man, chief of the myco- 
procedures, better drugs, bacteriology disease service 
and more effective vaccines. But researchers 
on the front lines say that inherent difficul- 
ties in working with TB's causative agent are 
hobbling their response to  the crisis. 

Scientists confess they know frighteningly 
little about the molecular biology or genet- 

at the National Jewish Hospital in Denver, 
"so nobody really looked for a better cure 
for TB. Pharmaceutical firms didn't follow 
up after the first good drugs were marketed. 
Academic scientists largely bailed out be- 
cause it wasn't a good avenue for them to 



components; in the coming months he 
hopes to expand his immunization studies 
h m  cell cultures into mice. 

As for new drug development, most re- 
searchers say they'd be more than happy at 
this point simply to understand how today's 
imperfect TB medicines work and then build 
on those findings to make a better product. 
Some people suggest that pyrazinarnide 
blocks cell wall synthesis, "but it's really a 
lot of hand waving, and we cem& don't 
have the gene involved in resistance," says 
Jacobs. Similarly, scientists lack proof for 
the popular notion that rifampin interfkres 
with RNA polymerase. And while there is 
biochemical evidence that isoniazid blocks 
the biosynthesis of mycolic acid, a compo- 
nent of the cell wall, genetic c o b a t i o n  
remains elusive. "So all together that's not a 
lot of help when it comes to understanding 
mechanisms of resistance or developing bet- 
ter drugs," Jacobs says. 

In hct, genetic studies of M. tuberculosis 
have become possible only recently. Only 
3 years ago researchers achieved the first 
stable insemon of plasmids into the bacil- 
lus, allowing geneticists to begin directed 
mutation experiments. And even when a 
gene has been successfully transfected, the 
bacteria's slow growth means scientists have 
to wait a long time to find out exactly what 

progresses much more rap- uniquely constructed cell 
idly in these individuals than 2 wall to see how M. tuber- 
it does in those with normal 5 culosis manages to survive 
immune systems. "TB in the lungs despite inges- 
spreads like wild& in AIDS " tion by peroxide-spewing X 
patients," says William 2 macrophages. "These bugs 
Jacobs of Einstein. "By the 3 are armor plated," says Ian 
time we get culture results Orme, an immunologist at 
the patient may be dead." Colorado State University 

Rapid and direct diagnos- in Fort Collins, noting that 
tic tests of M. tuberculosis insights into the nature of 
requiring little or no growth that armor could lead to 
in culture are under de- the identification of targets 
velopment in several labs, for new therapeutic com- 
but none has yet been pounds. 
adapted for clinical use. The Orme is searching for an 
polymerase chain reaction, antigenic component of M. 
for example, was recently Ian O m  tuberculosis for incorpora- 
shown to be a sensitive screen for M. tuber- 
culosis. And researchers at the Becton 
Dickinson Research Center in Research Tri- 
angle Park, North Carolina, describe in the 
1 January Proceedings of the National Acad- 
emy of Sciences a related amplification tech- 
nique that appears exquisitely sensitive and 
specific to tubercle DNA. But both meth- 
ods require purified DNA and will need 
substantial refinements before they can be 
used widely for clinical diagnosis. 

Meanwhile, immunologists and drug de- 
velopers are investigating the bacterium's 

,e. Taking 
ontrol ((:I - , Y . . z a "  - *  

tion into a recombinant vaccine. The cur- 
rent vaccine, known as BCG, is wildly un- 
predictable in effectiveness, protecting any- 
where from zero to 80% of inoculated indi- 
viduals. Recent studies by Orme appearing 
in this month's Journal of Immunology 
suggest that, contrary to popular belief, cell 
wall proteins may not be the right place to 
look for the most antigenic elements of M. 
tuberculosis. Orme has found that a protein 
secreted by the bacterium during the early 
stages of infection appears to activate white 
blood cells more effectively than do cell wall 

Drug Resistance and Sanataria 
Dr~lg-resistant tuberculosis isn't a nclv plicnomcnon. Ry the late t o  ensure they take their 
1940s, only a few !,ears after the introduction ofthc first effcctivc ~ncdications until they 
TR drug, strepton~ycin, strains resistant to  that compound are noninfectious. In 
emerged. Before long, c l i~i ic i~ns re.llized that .I'K could easily % Ne\v York C i c ,  4 0  such 
develon resistance t o  a sinplc d n ~ g  and often t o  t\vo, but tI1,lt a detention orders were 
th cd attack tcndeci to  he etTecti1 this insight p ron i~~lga ted  in 1991,  
o r  :her, thc Ccnters for 1)iscasc C: DC:) reconi- compared to I 1  in 1990, 
mended last month tllat TB patients b~ .,n espanded according t o  city health 
cocktail of four drugs immediately upon diagnosis. rlepartrncnt ofticials. 

Recently, hotvcvcr, tlic cmcrgcnce of M. tuherculosis strains Eut TR patients can 
resistant to almost e I ren  a~.ailable TK drug has sparked rcnc\f.ed be legally detained only 
interest in the recstablishnlcnt of sanataria or hospitals \\.ith until tests indicate a I ~ c k  
iwlated TR . track the root o f the  prohlenl: patients not of M. tuberculosis in 
takirlp their r of drups. Althouph patient' can fccl ~vcll Shades of the past. The first "cure t h e i r  s p u t u m ,  e v e n  
\\.ithin 2 to  3 months, it can take 6 to 18 months hefore all the coffa,t:~"forTB, inSaranacLake,rxr..Y. tho~lgh  the organism at 
TR bacilli in an infcctccl pcrscrn arc killed off. that point generally re- 

rcc-prong 
~e step furl 

. . .  

"In tllc past, as long as patients \\.ere in liospit.ils and sanataria, 
there n.as lrer?. little problem with compliance or  major outbreaks 
ofdrug-resistant strairls," says l k i e  E. Snidcr Jr., heacl of CL3C's 
division of  tuberculosis elimination. "Rut with the move toward 
nut-patient t rcat~nent  and sclf-administration, we started getting 
problems." The increasinp incidence of  TR in the homt.lcss, 
substance ahusers, ar I the crisis. 
"Thcsc arc people fo i is not the 
highest priority," Snic 

Alost states haw laus . U I ~ , U I I I ~  i n d i \ ' i d ~ ~ ~ ~ l >  ~ I L I I  rlcti\-e TR or 
ot sious dise: "detained. in hospitals, 

ivartls to a 
full courst 

mains a1it.c in thc lungs. Since many patients discontinue their 
medication after release, the disease frequently reemerges- 
often i r i  a form resistant to  the drugs to  which it has been 
esposed. Thus funding for impmved o u t r e ~ c h  prosratns is 
critically needed, health officials say, t o  prevent the spread o fTR  
t o  the pener'll pop~llation honi the i~n~nune-suppressed and 
indiac~it population now most at risk. 

"I'hc scar? thing is that 'TB is the disease that's going to be 
tranuniitted from HIV positives to non-HI\T-infccted people." 
says IVilliam Jaiohs, a microbiolosist and immunologist at 
Einstein. "There is \ . en  good cause t o  he al: RW.  
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they've created. 
Still, in a few labs, results 

are trickling in. Iseman says 
his colleagues at Jewish 
Hospital are closing in on a 
gene that encodes resis- 
tance to  isoniazid. And 
Aimee Stanley, a doctoral 
student at Colorado State 
University, recently identi- 
fied two regions of myco- 
bacterium DNA that confer 
resistance to ethambutol. 
The region she is focusing 
on is large, however-about 
22.6 kilobases-and it will 
take a lot of work to fill in 

Johns Hopkins. TB-suscep- 
tible and TB-resistant strains 
of rabbits have been bred, 
but the relevance of those 
models to human tubercu- 
losis remains controversial. 

TB researchers also note 
that for the sake of safety, 
most laboratory studies 
have used the "Erdman" 
strain of M. tuberculosis, a 
drug-sensitive strain that 
poses little risk to research- 
ers. But increasingly it 
seems that if scientists are 
to get the upper hand on 
the current epidemic, they 

it has come to this. "First the government 
cuts back its funding for TB research for 
decades, then it wants us to grow 15 liters of 
drug-resistant TB and spray a fine mist in a 
roomful of mice," says Orme of Colorado 
State, home to one of the few BL-3 tuber- 
culosis labs in the country. "To tell you the 
truth, we're fairly nervous about doing ex-. 
periments on aerosolized multiple drug re- 
sistant strains." Orme says his lab just re- 
ceived a brand new aerosol machine with a 
huge, 10-inch rubber gasket that should 
guarantee no leakage and no accidental ex- 
posure. But reassuring as that gasket is, he 
says, "I think we're going to put lead 
weights on top" of it. 

Expanding on Orme's frustration, Bloom 
the details. "Mycobacte- Michael Zseman will have to work with the 
rium molecular biology is more dangerous, drug-re- 

points to the federal government's growing 
failure to care for the nation's poor and 
disenfranchised, noting that at this point it 
will take more than rubber gaskets and lead 
weights to put a lid on the new TB. "I see 
this epidemic as a major indictment of the 
country's health care infrastructure," he says 
angrily. "Why is it that the United States 
deals with health problems only when there 
is a crisis?" w RICK WEISS 

still in its childhood, if not in its infancy," 
Stanley says. 

The lack of good animal models is also 
hampering TB research. Guinea pigs are used 
in some studies but are more resistant to the 
disease than researchers would like. And while 
mice are reasonably good models for studies 
of TB immunity, their failure to develop 
classic lung lesions compromises their value 
for pathogenicity studies, notes Arthur 
Dannenberg, who studies TB pathogenesis at 

Rick Weiss is a science writer based in 
New York City. 

sistant strains that are causing the problem. 
Such studies, in which animals inhale 
aerosolized drug-resistant mycobacterium, 
require so-called BL-3 laboratories de- 
signed to prevent release of highly infec- 
tious agents. Now it looks as though the 
researchers themselves will be facing signi- 
ficant new risks. 

Not surprisingly, many of the scientists 
who have been arguing for years for in- 
creased TB funding express some anger that 

Panel Swims Against the Tide in Wetlands Policy 
Both ecologically and politically, 1991 was 
a bad year for the nation's wetlands. Not 
only did these vital ecological systems con- 
tinue to lose ground to bulldozers and the 
effluvia of urban civilization, but President 
Bush-having once pledged a "no net loss" 
wetlands management policy-proposed a 
new federal definition of wetlands that 
could, in one bureaucratic stroke, reduce 
areas under federal environmental protec- 
tion by as much as 50%. In this charged 
atmosphere, you might expect the National 
Research Council (NRC) to produce a re- 
port decrying hasty action and calling for 
more study. But the NRC's Committee on 
Restoration of Aquatic Ecosystems has is- 
sued a far more challenging call*-it urges 
the federal government to begin an expansive 
new program aimed not merely at preserving 
existing wetlands but at reclaiming aquatic 
ecosystems that have already been damaged 
through pollution or development. 

Strictly speaking, the panel's focus ex- 
tends beyond wetlands to aquatic ecosys- 
tems such as streams, rivers, and lakes. As 

'"Restoration ofAquatic Ecosystems: Science. Technol- 
ogy, and Public Poiicy," committee on ~estoration of 
Aquatic Ecosystems, National Research Council, No- 
vember 1991. 

environmental buffers, these systems recycle 
nutrients, purify water, reduce the risk of 
floods, and shelter a wide variety of animal 
and plant species. But the report notes that 
the United States has lost nearly 117 million 
acres of wetlands alone since the 1780s. 

The consequent degradation of wildlife 
habitats, higher levels of water pollution, 
and greater flood hazards demand a "com- 
prehensive and aggressive" restoration ef- 
fort, the report states. T o  set priorities, such 
a program will require a "triage" that fo- 
cuses attention on systems that will be lost 
without intervention. Once these are stabi- 
lized, restorationists can turn to other de- 
graded systems that require extensive work. 
Committee chairman John Cairns Jr., an 
ecotoxicologist at Virginia Polytechnic In- 
stitute, says the project should aim for a net 
increase of 10 million wetlands acres, resto- 
ration of 400,000 miles of streams and riv- 
ers (or approximately 12% of the total) by 
2010, and restoration of 1 million acres of 
lakes by 2000. The committee did not esti- 
mate the cost of this effort, however. 

The panel also provided no guidance on 
how to reach these ambitious goals beyond 
urging state and federal agencies to develop 
detailed plans. According to its report, the 

panel saw its role less as an architect of the 
restoration effort than as a herald announc- 
ing the feasibility of "repairing" damaged 
ecosystems to a close approximation of their 
original state. Unfortunately, as the panel 
acknowledges in several case studies in- 
cluded in the report, such efforts are likely 
to fall short of full restoration. One such 
study, for instance, notes that while a $10- 
billion phosphorus control effort in Lake 
Michigan succeeded in restoring water qual- 
ity, it came too late to prevent the loss of 15 
million tons of the lake's silica. As a result, 
the lake's original complement of phyto- 
plankton "cannot be restored." 

Committee members seem to have appre- 
ciated the irony of then Vice President 
Bush's 1988 call to environmental activism 
by reproducing it in their report: "It is not 
enough merely to halt the damage we've 
done. Our natural heritage must be recov- 
ered and restored." Cairns is in full agree- 
ment, adding that delay will merely increase 
cleanup costs. "Doing it now will be a lot 
more cost effective than postponing it even 
a decade or two," he says. "You only have to 
look at Eastern Europe and Russia to see the 
horror story of postponing environmental 
restoration." DAVID P. I%WILTON 
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