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Preface

This monograph adds a module to the series on the scientific basis ef tuber
culosis control (figure 1}. The International Tuberculosis Courses of the
International Union Against Tuberculosis and Lung Disease (IUATLD) fol
low a logical sequence with these five modulé&ese courses are directed
principally at managers of national tuberculosis control programs, largely
in low-income countries.

Control

|

Interventions

Agent — = Individual — = Community

Figure 1. Modules and flow of teaching in the international tuberculosis courses
of the IUATLD."

The courses start with the bacteriologic basis of tuberculosis control,
for which several documents are availabfe.In a second module, the
effect of tubercle bacilli on the human host, the clinical presentation and
diagnosis of tuberculosis is presented for which the book by Sir John Crofton
and collaborators is used as background matéri&ollowing this second
module, the impact of tubercle bacilli on the community is presented, i.e.,
the epidemiologic basis of tuberculosis controlOnce these three facets
— the agent, the individual, and the community — are understood, the var
lous available interventions are discussed, and finally it needs to be- specif
ically demonstrated how this knowledge can be integrated into the practice
of a national tuberculosis control progrdmThe time allotted to each of
these modules is determined by the requirements of the audience.
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This monograph deals with the fourth module, interventions directed
againstMycobacterium tuberculosisomplex. There are numerous exeel
lent reviews on the various available interventior@ften, they deal with
one specific intervention. This monograph tries to assemble information
about each available intervention and to weigh the role of each in current
practice. Appendices provide additional information on current develop
ments. The presentation should make it easy for the reader to select indi
vidual chapters of particular interest.

It is hoped that this module offers the review of currently available
interventions that participants have been requesting since the inception of
the IUATLD courses.

Paris, November 2001



Introduction

The aim of interventions in tuberculosis control or elimination strategies is
to reduce or eliminate the adverse impact of epidemiological risk factors
that promote the progression from one step to the next in the pathogenet
ically based model (figure 2.

There are four principal interventions at our disposal to accomplish
this task (figure 3)°

* Treatment of tuberculosis reduces the risk of death from tuberculosis,
aims at restoring health and curing patients, and reduces the risk of
transmission of tubercle bacilli in the community.

*  Prophylactic treatment aims at preventing infection Wiytobacterium
tuberculosisfrom occurring.

* Vaccination with Bacille Calmette-Guérin (BCG) before acquisition of
infection with M. tuberculosisaims at priming the immune system, so
that the risk of progression from sub-clinical, latent tuberculous-infec
tion to clinically overt tuberculosis is reduced should such infection be
acquired.

* Preventive chemotherapy is treatment of sub-clinical, latent
Mycobacterium tuberculosipopulations in the human host, given to
reduce the risk of progression to clinically overt tuberculosis.

The key to improving the epidemiologic situation is linked to the specifics
of the transmission (incidence) and prevalence of infection Mittuber
culosis! This has consequences for the role of the interventions.

The principal strategy aims at reducing the incidence infection with
M. tuberculosis A reduction in incidence of tuberculous infection is
achieved by as swift as possible identification of potential transmitters of
tubercle bacilli, i.e., the identification of persons with tuberculosis of the
respiratory tract. Amongst these the most infectious are the patients with
such a high bacillary load that the bacilli can be identified using sputum
smear microscopy.While these patients account for only roughly half of
all cases of pulmonary tuberculosis, they are the most potent sources of
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Infectious
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Subclinical
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@

Non-infectious
tuberculosis

Figure 2. Pathogenetically-based model of the epidemiology of tuberculosis.
Reproduced from® by the permission of the publisher Urban & Vogel.

transmission (figure 4)* Once identified, they should be quickly and-per
manently rendered non-infectious through chemotherapythe terminol
ogy used in this monograph, this approach is called “tuberculosis control”.
Thus, tuberculosis control is the strategy aimed at reducing the incidence
of tuberculous infection. This strategy also includes prophylactic treatment,
defined as the provision of chemotherapy to persons exposed to, but not
yet infected withM. tuberculosis

The second strategy aims at reducing the prevalence infection with
M. tuberculosis BecauseM. tuberculosisprobably survives in a large
proportion of persons for years following acquisition, tuberculosis will
continue to emerge from the pool of persons who are already infected.
A strategy to reduce the prevalence of infection in the community will
be designated “tuberculosis elimination strategy” in the context of this
monograph. Tuberculous infection is highly prevalent in virtually every
country’s population, but varies demographically in important ways.
To be epidemiologically effective, preventive chemotherapy to reduce
the prevalence of infection must target groups that are both easily iden
tifiable and that potentially contribute a large fraction of future -mor
bidity.

Vaccination with BCG varies somewhat from this concept, as it aims
at reducing the risk of progression from infection to diseaSensequently,
its effect is expected to be similar to that of the strategy to reduce the
prevalence of infection.

The options available to address the tuberculosis problem in a com
munity will first aim at reducing the incidence of tuberculous infection
(case-finding and treatment of the most infectious cases, supplemented by

6



prophylactic treatment of special populations)here this has been achieved
and maintained over a substantial period of time, a reduction of the preva
lence of tuberculous infection by preventive chemotherapy must be con
sidered as the next logical step/accination with BCG will supplement
tuberculosis control efforts, particularly in high-burden countries, mainly by
reducing disability and death in young children.

In this monograph, the approach chosen to discuss the various inter
ventions follows the sequence in the epidemiological model presented
elsewhere (figure 2}° Interventions aim at reducing the impact of
those risk factors recognized to promote the progression from one step
to the next in the chain of events in the pathogenesis of tuberculosis
(figure 3).10

Transmission
....................... .. (_Chemotherapy

Doctor's delay

i ("Prophylactic Preventive Patient's delay
reatment therapy 1\

l l Infectious

v tuberculosis

Exposure —2> S.ubclir_1ical Death
infection - -

Non-infectious

K tuberculosis
y J
V4

?

BCG
vaccination

Figure 3. Model of interventions based on the epidemiology of tuberculosis.
Reproduced from'™ by the permission of the publisher Marcel Dekker.
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Figure 4. Sensitivity of sputum smear microscopy in identifying pulmonary tuber-
culosis among culture-confirmed cases and sensitivity of sputum smear microscopy
in identifying transmitters of M. tuberculosis."



Summary - the role
of specific interventions

Chemotherapy

Chemotherapy of tuberculosis is universally indicated for all newly identi
fied tuberculosis patients.No patient with newly diagnosed tuberculosis
should be denied treatment.

Chemotherapy is the most powerful weapon in tuberculosis control.
It carries individual benefit by reducing morbidity and fatalitit. has epi
demiologic impact by cutting the chain of transmission effectively if effec
tive treatment leading to cure of individual patients can be assured.

A national tuberculosis program must choose and recommend- effica
cious, standardized treatment regimens and must ensure both that they are
administered carefully to prevent emergence of drug resistance and the cure
of the patient.

The limited armamentarium of available anti-tuberculosis medications
imposes particular constraints on the use of the most efficacious drugs.
Regimens and their administration should be designed to prevent the emer
gence of chronic excretors with incurable, multidrug-resistant tuberculosis.
The following six drugs are currently on the essential drug list:

* Isoniazidis the cornerstone of every first-line regimeft.has the most
potent early bactericidal activity of all known drug#t rarely causes
adverse drug events, the most important of which is hepatic injury,
which may result in hepatitis in a small fraction of patientsinter-
acts with several medications, but the single most important is its
enhancement of the effect of anti-epileptics.

* Rifampicin has unique relapse-preventing properties that allowed the
duration of chemotherapy to be shortened to nine months or felver.
is a superbly tolerated drug that may, however, complicate isoniazid-
associated hepatitis, mainly by supporting cholestalsrenunologically-
linked events might be serious and life-threatening, but are very rare.
Rifampicin interacts with a multitude of other medications: the most
important interactions in practice are reduction of the efficacy of oral
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contraceptives and anti-retroviral medications, which preclude any such
combination.

* Pyrazinamidealso has particular relapse-preventing properties that have
allowed the duration of required chemotherapy to be further reduced.
In the currently recommended dosages, it is also a very well tolerated
drug. Arthralgias are the most frequently reported adverse event that
can be alleviated by the administration of acetylic salicylic acid or
intermittent administration. There are no practically important inter
actions with other medications.

« Ethambutols main purpose is to reduce the risk of emergence of resis
tance to isoniazid. It is a very well tolerated drug, and optic neuritis,
its main adverse drug event, occurs infrequently with the currently rec
ommended dosageslt does not interact with any other drug, but its
absorption might be reduced if patients take certain antacids.

»  Streptomycinmight add bactericidal activity to a regimen in the inten
sive phase and may add additional protection against the emergence of
drug resistance, particularly in patients receiving a re-treatment regi
men. It is reasonably well tolerated by young patients, but its vestibulo-
cochlear toxicity and hypersensitivity reactions make its prolonged use
an unpleasant experience for many patiertee only potentially imper
tant interaction in daily practice is that its toxic effects are enhanced
by some diuretics.

* Thioacetazons main purpose is to reduce the risk of emergence of
drug resistance to isoniazid and to reduce the risk of failure and relapse
where there is resistance to the lattévlore than any other drug it
has the potential of multi-system adverse drug eveAisiong human
immunodeficiency virus (HIV) infected patients, the most prominent is
a muco-cutaneous syndrome that may progress to toxic epidermal
necrolysis. This precludes its use in an increasing number of coun
tries. No important interactions with other medications are known.

The treatment of previously untreated tuberculosis patients begins with the
direct observation of intake of a four-drug regimen (isoniazid, rifampicin,
pyrazinamide, and ethambutol, preferably in a fixed-dose combination tablet)
during a two-month intensive phaselo facilitate the organization of
directly observed therapy, treatment may be given thrice-weekly after a
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two-week to one-month daily phaselhe continuation phase cannot usu
ally be directly observed, thus a non-rifampicin-containing continuation
phase of six months is the rule in most low-income countri€se con
tinuation phase associates isoniazid plus ethambutol (or, increasingly rarely,
isoniazid plus thioacetazone)These drugs are usually given in one-month
supplies for self-administrationWhere resources permit a directly observed
continuation phase and second-line drugs in case of treatment failure, the
continuation phase can be shortened to four months by giving isoniazid and
rifampicin throughout. Twelve-month regimens based on isoniazid plus
ethambutol or isoniazid plus thioacetazone, supplemented by streptomycin
during the first two months, were efficacious in patients not infected with
HIV, and have been widely used in the treatment of bacteriologically uncon
firmed tuberculosis. Evidence is accumulating that these twelve-month reg
Imens result in a high relapse rate in HIV-infected patients and are thus
being phased out in an increasing number of countries.

Patients presenting again with tuberculosis after prior treatment are
known to have an increased risk of harboring bacilli resistant to at least
isoniazid. Patients whose first-line treatment regimen did not include
rifampicin can be successfully treated with a re-treatment regimen of eight
months duration, containing rifampicin throughowRatients who fail (remain
or become again bacteriologically positive) on a first-line regimen con
taining rifampicin throughout cannot usually be treated successfully with
the above re-treatment regimen, and recourse to second-line drugs must
necessarily be takenln most high-burden countries, however, the resources
required to appropriately treat all patients who need such a regimen are not
available.

The immediate prospects for the development of new, high-quality
drugs that would have nation-wide availability, be well tolerated, and afford
able are slim for most high-burden countrie€onsequently, the preserva
tion of the activity of the currently available medications, particularly iso
niazid, rifampicin, and pyrazinamide, must be accorded the highest priority.
Directly observed therapy reduces the risk of acquisition of drug resistance
and relapse, and is thus of both individual and public health benefit.

Prophylactic treatment

The evidence for the efficacy of prophylactic treatment in preventing-acqui
sition of tuberculous infection among persons exposed to an infectious case
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is scant. However, the limited evidence would suggest that a child born
into a household with an infectious tuberculosis patient only recently placed
on chemotherapy should receive prophylactic treatment with isoniazid, con
tinued for probably at least three months following cessation of relevant
exposure. Should the bacteriologic response of the index case be poor
(failing to convert sputum smears), prophylactic treatment should probably
be prolonged (or adjusted where feasible if the index case has a drug-resis
tant strain).

Prophylactic treatment is an individual intervention primarily to- pro
tect the child without separation from the mothéMo great epidemiologic
or public health impact of this measure is to be anticipated.

Vaccination

Vaccination with BCG provides considerable protection against death from
tuberculosis, and the development of disseminated and meningeal tubercu
losis, particularly in infants.Neonatal BCG vaccination (or as early in life

as possible) is thus indicated where tuberculosis is frequent, childhood tuber
culosis rarely diagnosed, and adequate contact examinations rarely feasible.
There is insufficient evidence to recommend vaccination beyond infancy,
or re-vaccination.

BCG vaccination is an individual measure that is not expected to
improve the epidemiologic situation in a countryt is of public health
importance to the extent that it reduces disability and death from tabercu
losis in the target population.

Preventive chemotherapy

Preventive chemotherapy using nine to twelve months of isoniazid is effi
cacious but operationally inefficientIn adults it carries the danger of
monotherapy of clinically active tuberculosis which might not be recog
nized if mycobacterial culture facilities and chest radiography are net rou
tinely available. This is of particular concern in HIV infected patients who
would be most likely to benefit, because such patients frequently have active
tuberculosis that cannot be identified on sputum smear microscopy alone.
The drug of choice is isoniazid, although shorter regimens based on
rifampicin can be used where resources pernhibgistically and adminis
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tratively easiest, and also of least concern for the development of drug resis
tance, is preventive chemotherapy for asymptomatic children under the age
of five years who live in the household (not all of whom are necessarily
infected) of a newly identified sputum smear-positive index cdsenay
be pragmatic to adjust the duration of isoniazid preventive chemotherapy
In such cases to the length of treatment for the adult index case.
Preventive chemotherapy is an individual intervention, not shown to
have as great an epidemiologic impact as chemotherapy of tuberculosis.
Even if safeguards could be taken to prevent inadvertent monotherapy for
patients with active tuberculosis, it remains an inefficient tool that reaches
only a fraction of persons infected wil. tuberculosis

13






1. Chemotherapy

The primary intervention must aim at reducing the incidence of infection
with M. tuberculosist? Subsequent events will reflect what happens if this
primary prevention has not been properly applidefficacious and effec
tive chemotherapy for patients transmitting tubercle bacilli is thus- para
mount to the success of a national tuberculosis progrdime following
major areas of concern are addressed in this chapter:

The absolute prerequisite to effective chemotherapy is the availability
of high-quality anti-tuberculosis drugsWith these drugs, optimum
combination regimens have been identifieRegimens must be pre
scribed in a way that simultaneously prevents the emergence of resis
tant strains and cures the affected patient.

Regimens suitable for use in national tuberculosis programs have been
identified. The HIV epidemic has complicated tuberculosis control in
general and chemotherapy in particular, and not all issues relating to
treatment in the presence of HIV infection have yet been resolved.

Administering chemotherapy through self-administered medication often
gives poor results. Directly observed therapy, sometimes incorporat
ing intermittent administration, increases the chances for a successful
treatment outcome and has been shown to reduce the chance of emer
gence of drug resistant populations of bacilli.

While the course of chemotherapy is uneventful in most patients and
leads to complete restoration of health, some patients experience adverse
drug events that need to be addressed without compromising the effi
cacy of treatment.

Essential drugs

There are six essential drugs that are active agkingiberculosis isonk
azid, rifampicin, pyrazinamide, ethambutol, streptomycin, and thioaceta
zonel® For each essential drug with activity agaiittuberculosis a
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standard summary of the major aspects of interest is preseriteedse
include, notably:

Discovery A brief history of the discovery of the drug.

Activity, mechanism of action and resistanceActivity, mechanism of
action, and mechanisms that alldwk tuberculosisto become resistant to
anti-tuberculosis agents are intrinsically linket¢h contrast to many other
microorganisms, the susceptibility of virtually all wild strainshdftuber
culosisto the major anti-tuberculosis agents is identic@lny apparent
variation in susceptibility is a misconception due to technical errors of the
method used to demonstrate iThis means that an approach using the
minimum inhibitory concentration (MIC) of the initial strain (in the absence
of resistance) as a guide to treatment is theoretically invalid.

Pharmacokinetics In treatment of tuberculosis (as in other diseases}, con
centration of the drug in the target organ determines whether the drug will
have the desired effect or nofThe maximum concentration that can be
achieved is that which provides the highest concentration and the longest
period the drug is above the MIC without being to¥ic.There are four

key pharmacokinetic parameters that are of particular interest (table 1):

e C The maximum serum concentration of the drug that can be

achieved;

max

the point in time when the maximum serum concentration is
achieved following administration of the drug;

max*

e AUC: the area under the serum concentration-versus-time curkies.
is an informative parameter that summarizes the overall-avail

Table 1. Pharmacokinetic parameters (rounded values) of essential anti-tubercu-
losis drugs.

Pharmacokinetic parameters in serum

Drug Crax T oo AUC,_, Bt,,

mal) (R (mgxhi) ()
Isoniazid 4 1-2 17 2-3
Rifampicin 14 1-3 71 2-4
Pyrazinamide (1,500 mg) 25-30 1.2 420 10
Streptomycin (1 g) 25-50 1-2 2-3
Ethambutol (25 mg/kg) 5 3 30 12
Thioacetazone (150 mg) 1.8 4 13
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ability of the drug in the serum of the person to whom the
drug is administered,;

* Bty the serum elimination half-life (in hours) of the drudf. indi-
cates the time required to reduce the blood serum (or plasma)
concentration to half of its maximum value.

Dosage This is the recommended dosage in the treatment of tuberculosis
in daily or thrice-weekly treatmentBecause neither WHO nor the IUATLD
recommend twice-weekly treatment, the dosages recommended for such an
administration schedule are not presented.

Adverse drug evenis No drug is without side effects or adverse drug
events. Four types of adverse drug events might be distinguished:

1) toxic, 2) idiosyncratic, 3)hypersensitivity reactions, and 4jplverse drug
events that cannot be classified into one of the three preceding groups.
Toxic reactions are effects that will occur in the majority of patients at a
given dose. Idiosyncrasy denotes an individual genetic defect that causes
a qualitative abnormal respon¥e.Hypersensitivity reactions are untoward
immunologic reactions to a drug.

Interactions Some drugs interact with other medicationSuch interac
tions are listed here, to the extent known.
Isoniazid

Discovery Isoniazid was synthesized in 1912 at the German University
of Prague by Meyer and Mally (figure 5). In 1952 it was independently
re-discovered by the Bayer Laboratories in Germ@myoffmann-La Roche

(0]
\ NH-NH,
\C/

X

=
N

Figure 5. Chemical structure of isoniazid, synthesized by Meyer and Malley in
19127
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Laboratories in Switzerland / United Statésand Squibb Laboratories in
the United State& without the knowledge of the other groups working on
the drug.

Activity, mechanism of action and resistancelsoniazid is only active
against mycobacteria.Within the genus, its effect is mainly against
M. tuberculosiscomplex and to a lesser extent against a few species of
environmental mycobacteria, e.§l, kansasii The MIC of M. tuberculo
sisis 0.025 to 0.05 mg/L in broth and 0.1 to 0.2 mg/L in agar plit&s,
showing the uncertainty surrounding MIC determinatiorisoniazid has
the most potent early bactericidal activity of all of the anti-tuberculosis
drugs2+2” Adding other drugs will not increase this activiy?> Thus,

the rapid reduction in infectiousness observed following initiation of
chemotherap3?3° is most likely attributable to a considerable extent to the
bactericidal activity of isoniazid.

Early reports have suggested that the effect of isoniazid is on cell wall
integrity. It was observed that acid-fastness was lost shortly after treat
ment with isoniazid? Winder and Collins demonstrated that isoniazid
inhibits the synthesis of mycolic acid5. Sacchettini and Blanchattihave
traced the history of development in the understanding of the mechanisms
of action of isoniazid. The next step in understanding was the direct cor
relation between isoniazid uptake, viability and mycolic acid biosyntPesis.

A specific inhibitory effect was observed on the synthesis of saturated fatty
acids greater than 26 carbotisand the synthesis of monounsaturated long-
chain fatty acidsn vivo.®” These and subsequent observations strongly
implicated enzymatic steps in the elongation of fatty acids, and the biosyn
thesis of the very long fatty acyl chains of mycolic acids as the site of
action of isoniazid®® Early studies by Middlebrookt al. and others noted

the correlation between resistance and loss of catalase-peroxidase &éivity.
The molecular basis for these early observations has now been documented
with the demonstration that isoniazid-resistant strains could be sensitized to
the drug by transformation with thd. tuberculosis kat@ncoded catalase
peroxidaser#2 Additional evidence in support of the role of catalase-per
oxidase stems from the observation that deletions and missense mutations
within the katG gene are common in isoniazid-resistant clinical isolates of
M. tuberculosis?344

The current concept classifies isoniazid as a pro-drug which requires
the katG gene product for activation by the catalds®,targeting the last
steps in mycolic acid synthesis. While details of the mode of action still
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remain elusive’’ the general mechanism of action is fairly well understood
(figure 6).46  Several mutations have been identified which confer -resis
tance inM. tuberculosis Important mutations are located on tkatG
genef* and theinhA gene# of which the latter is responsible for approx
imately 25% of clinical isolates that demonstrate resistance, generally asso
ciated with low-levels of resistanceSusceptibility to isoniazid is depen
dent on the presence of the catalase-peroxidase enzyme encoded by the
katG gene#44° Mutations in catalase-peroxidase lead to high-level {isoni
azid resistancél®® The ahpCgene encodes the alkyl hydroperoxide reduc
tase, and its absence leads to isoniazid resistAnd&pproximately 60%

to 70% of isoniazid resistant strains carry mutations in one of several genes
involved in its activation from pro-drug#tG and possiblyahpQ or in the

A\__NH-NH,
c

Isoniazid

Passive diffusion

KatG
activation

Antagonists

Reactive oxygen/

Eflux —» ; ) «—
organic radicals
NAT?
l AhpC?
Multiple targets
/ \b
l NAD metabolism?

Mycolic acid synthesis
InhA, KasA

Figure 6. The proposed action of isoniazid. Reproduced from* by the permis-
sion of the publisher ASM Press.
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drug targetifihA). However, the mechanism of resistance for one third of
isoniazid-resistant strains remains to be elucidated.

The maximum proportion of isoniazid resistant mutants able to grow
during isoniazid monotherapy of an isoniazid susceptible strain is estimated
to be approximately 1 in B0p2-54

Pharmacokinetics The serum concentrations achieved by administering
300 mg isoniazid (approximately 5 mg/kg body weight) are well above the
MIC (figure 7).557 The pharmacokinetics of isoniazid are influenced by
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Figure 7. Maximum serum concentrations (hollow circles) and range of minimum
inhibitory concentrations (lines) for isoniazid (INH), rifampicin (RMP), pyrazi-

namide (PZA), ethambutol (EMB), streptomycin (SM), and thioacetazone
(TH)_55,56,180,182,301,422

Concentration (mg /L)
(log scale)

acetylator type (slowersusrapid),’® food intake® and aget’” A com
parative pharmacokinetic profile of isoniazid by type of food (fastieg
sushigh-fat meal) is shown in figure 8. The distribution volume of iso
niazid diminishes with increasing age as shown in figufé 9The
elimination of isoniazid from serum is determined by the acetylator status
of the individual®® There are three groups of acetylator types.
Homozygous rapid activators are found in 40% of European and African
populations and in most of those with a Mongolian ancesiiere is a
heterozygous group with mutations in only one of the two alleles, and
finally a homozygous group of slow inactivators with mutations in both
alleles. The old “rapid inactivator group” from earlier publications con
sisted, in most populations, of a majority of heterozygous and a minority
of homozygous rapid inactivators (Mitchison DA, personal written -com
munication, May 22, 2001).The serum half-lifef3t,,, in slow acetylators

is about three hours following a dose of 5 mg/kg body weight, and about
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Figure 8. Pharmacokinetics of isoniazid following fasting and a high-fat meal.%
Original data kindly provided by Charles A Peloquin.
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Figure 9. Clearance of isoniazid from serum, by acetylator type and age among
tuberculosis patients.5”

half as long for rapid acetylatoP$®® The AUC is similarly affected by
acetylator type which is approximately 14.2 mg/h/L in slow eliminators as
compared to 2.3 mg/h/L in rapid eliminatéfs. The acetylator type is impor
tant for widely spaced intermittent therapyt explains to a large extent
why once-weekly therapy with isoniazid is particularly ineffective in rapid
acetylators. For thrice-weekly treatment, the acetylator type is not impor-
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tant. Isoniazid also has excellent penetration into cerebrospinal fluid,
although the peak concentrations achieved are much lower in rapid than in
slow acetylatorg?

Dosage The recommended dosage of isoniazid is 5 mg/kg body weight
(usually up to a maximum of 300 mg) in daily, and 10 mg/kg body weight
in thrice-weekly treatmerft!?

Adverse drug events$table 2). Toxic reactions include peripheral reu
ropathy$? seizures*%® and other central nervous system toxic reactions,
such as hallucinosi®, psychosis?® memory loss’* optic neuropathy? and
pellagra’374 Other toxic reactions from isoniazid include pyridoxine respon
sive anemia?"> 76 metabolic acidosig’” Pyridoxine is effective in both
treatment and prevention of these reacti@#8pbut pyridoxine non-respen
sive psychosis has also been repoffedin case of accidental or inten
tional overdose both charcoal treatment, if given e&fdyand hemodialy
sis® have proved useful.

Table 2. Summary of adverse reactions from isoniazid with estimated frequen-
cies of occurrence. Note that these are estimates of frequencies which may vary
across population groups.

Frequent Common Infrequent Rare
(= 5 per 100) (= 1 per 100 and(= 1 per 1,000 (< 1 per 1,000)
<5 per 100) and< 1 per 100)

Liver enzyme Hepatitis Seizures
elevations Peripheral Hallucinosis
neuropathy  Psychosis
Drug fever Memory loss
Optic neuropathy
Pellagra
Pyridoxine responsive
anemia

Metabolic acidosis

Pyridoxine non-responsive
psychosis

Lupus erythematosus

Hemolytic anemia

Agranulocytosis

Pure red cell aplasia

Alopecia

Asthma

Dermatitis
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Idiosyncratic reactions from isoniazid include lupus erythemat®sés,
rheumatic-like syndromes and various hematologic disorders, such as
hemolytic anemi&; agranulocytosigée® pure red cell aplasi&;®2and other
blood dyscrasia& Other rare, probably idiosyncratic reactions, include
alopecia? These reactions are reported to subside promptly with- with
drawal of the drug®

Hypersensitivity reactions from isoniazid include drug fébersthmadss’
dermatitis®-19° and hepatitis’101.102 Hepatotoxicity might be increased with
the concomitant use of acetaminoph&ios

Clinically, the most relevant and frequent adverse drug events from
isoniazid are neuropathy and liver injury.

Routine use of pyridoxine (vitamin B6) for prevention of neuropathy
is not indicated® Preventive treatment with small dosages of pyridoxine
(6 mg/day, not to exceed 10 to 15 Hfg?) is indicated for patients with
increased requirements (e.g., during pregnancy), patients with nutritional
deficiencies (alcoholics and aged patients), patients with a history of seizure
disorder, and patients otherwise predisposed to the development of periph
eral neuropathy, such as uremic patients or patients with diabetes.
Treatment of isoniazid-associated peripheral neuropathy (paresthesia) is with
100 to 200 mg pyridoxine per ddy. It should be noted that there is antag
onism between isoniazid and pyridoxii#e and thus the potential of inac
tivation of isoniazid with very high doses of pyridoxindherefore many
clinicians prefer lower dosages (50 mg per day).

Liver enzyme elevations are frequent, but overt clinical hepatitis (with
symptoms such as gastrointestinal distress, nausea, vomiting, and jaundice)
occurs in less than five per cent of patiéffteind is age-dependet 114
and may differ in frequency in different populatio#sbeing virtually absent
among, e.g., Filipino$!® and is increased in patients with pre-existent liver
injury. 11 The hepatic damage caused by isoniazid is predominantly cytol
ysis.116 The AUC for monoacetyl hydrazine, the putative precursor of the
responsible agent, was greater in slow acetylators in a pharmacokinetic
study, though the AUCs for acetyl isoniazid and diacetyl hydrazine were
higher in rapid acetylatorS? The association of differences in pharam
cokinetics of isoniazid and its metabolites with hepatitis risk is poorly under
stood® and has not been shown to be of great importdficendeed,
evidence obtained from patients in Hong Kong and Singapore showed that
elevated transaminase levels during treatment with isoniazid-containing reg
imens were no higher in rapid than in slow acetylaté¥$2 In the
IUATLD trial on preventive chemotherapy with isoniazid in patients with
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fibrotic lesions}23 the risk of hepatitis due to isoniazid alone could be
assessed. Among patients receiving isoniazid for one year, the risk of
hepatitis was 5.8 per 1,000 persd#s. It increased from 2.8 per 1,000 for
subjects aged less than 35 years to 7.7 per 1,000 for those aged 55 years
or more, but risk was much lower in those without pre-existing liver-dam
age (figure 10%1° The hepatitis risk was highest in the first two months

of treatment (figure 11).In a US Public Health Service survey, the hepati
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Figure 10. Hepatotoxicity from isoniazid during preventive therapy by age and
pre-existing liver damage.'?
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Figure 11. Hepatotoxicity from isoniazid during preventive therapy by length of
exposure.'0
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tis risk per 1,000 subjects was zero for those aged less than 20 years, 2.4
for those aged 20 to 34 years, 9.2 for those aged 35 to 49 years, and 19.2
for those aged 50 to 64 yed#s. Isoniazid and rifampicin given together
may potentiate the risk of hepatitis, and cases of hepatitis caused by the
two drugs in combination have been report&d?

Patients abusing alcohol may be treated with isoniazid provided they
do not display signs of overt alcoholic hepatiti€areful clinical control,
limitation of alcohol consumption and (where feasible) control of liver
enzymes in such patients are recommended.

Interactions Isoniazid is an inhibitor of oxidative and demethylation metab
olism as well as other cytochrome P-450 dependent microsomal path
ways.126127 |t is also a monoamine and diamine oxidase inhibi®¥2°
These properties bear on the various interactions that have been réforted,
in that the most important interaction leads to a potentiation of the com
panion drug (opposite to the usual interactions seen with rifampicin).

Scombroid fishes (such as mackerel, tuna and salmon) have a high his
tidin content which is converted to histamine by bacteria, if improperly
refrigerated. Eating such fish while taking isoniazid may lead to the typ
ical signs of scombroid fish poisoning, with erythematous and urticarial
rash, facial flushing, diarrhea, palpitations, headache, nausea, paresthesias,
abdominal cramps, and dizzinéss!3* It may progress to bronchospasm
and hypotensison.

Certain types of cheeses rich in monoamines may also lead to hyper
sensitivity reactiong3>138  With wine, such reactions have also been
reported:ze

Effects of isoniazid potentiategara-aminosalicylic acié?® insulin,'4° car
bamazepiné#! valproic acid (a single report, usually the effect is the eppo
site),1#2 theophylline43

Effects of isoniazid opposepdrednisolone? ketoconazole?#* After intake

of ethanol, most is metabolized to acetaldehyde in the livaretaldehyde
appears to form acetaldehyde-adducts with isoni@zidtro, and thus may
lower its bioavailability, but the adduct itself may increase the toxicity of
either drug4s

Effect of drug potentiated by isoniazid

* acetominophen hepatotoxicity is increased by isoni&2it#
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e anti-coagulants such as warfaf;

* anti-epileptics such as phenobarbital, diphenylhydart@iand pheny
toin, 148149 carbamazepinés®-153 ethosuximidel> epanutini®®> and vai
pro|c acid;l42,l56,157

» anti-neoplastics such as vincristitfé;

* benzodiazepines which are oxidatively metabolized (not through glu
corination)*® such as diazepat# and triazolam?6!

» haloperidoltz and tricyclic anti-depressants

* theophylline43164 The effect on theophylline pharmacokinetics might
be such that even in combination with rifampicin (which has the-oppo
site effect), theophylline clearance might be lowered, requiring a lower
dose of theophylline in patients simultaneously treated with isoniazid
and rifampicins

Because of its monoamine oxidase inhibiting activity, isoniazid may poten
tiate the effect of monamine oxidase inhibitor anti-depresséits mepert
dine% and levodopéa®®

Effects of drug opposed by isoniazehfluranel™ cyclosporinéss (dis-
puted).

Rifampicin

Discovery In 1957, aStreptomycestrain, designated strain ME / 83, later
named Streptomyces mediterrangias isolated in the Lepetit Research
Laboratories from a soil sample collected at a pine arboretum near Saint
Raphaél, Franc&172 From this strain several rifamycins, whose structure
was elucidated by Oppolzer and collaboratG?syere isolated. By redue

tion of one of these, rifamycin S and rifamycin SV were obtained.
Rifamycin SV was only effective parenterally, as it was not absorbed to a
significant degree when administered orallfzurther chemical modifica

tion led to an orally active substance, rifampicin (figure ¥2).

Activity, mechanism of action and resistanceThe minimum inhibitory
concentration of rifampicin foM. tuberculosisis about 0.25 mg/L in broth
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Figure 12. Chemical structure of rifampicin, isolated and semi-synthesized by
Maggi and collaborators in 1966.174

and 0.5 mg/L in aga#2 Rifampicin is active against a wide range of
micro-organisms includindyl. leprag S. aureusN. meningitidis andL. pneu
mophila

Rifampicin, like all naphthalenic ansamycins (the class to which
rifampicin belongs), is a specific inhibitor of DNA-dependent RNA poly
meraset’®

Rifampicin acts by interfering with the synthesis of mMRNA by bind
ing to the RNA polymeras&® Mycobacteria develop resistance to
rifampicin by mutations in a defined region for the RNA polymerase sub
unit . Mutations in therpoB gene ofM. tuberculosisare responsible for
most of the resistancé’ Mutations have been found in more than 97%
of resistant isolate&8179

The maximum proportion of rifampicin-resistant mutants able to grow
during rifampicin monotherapy of an isoniazid-susceptible strain is esti
mated to be approximately 1 in 86

Pharmacokinetics After oral administration of rifampicin on an empty
stomach, the absorption is rapid and practically compfétewith a dose
of 8.1 ¢ 0.7) mg/kg body weight, a peak level of 6 80(5) mg/L is
achieved 3.2 hours after oral administratioAfter oral intake of 600 mg
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rifampicin, a peak level of 12 to 14 mg/L is achieved after one to three
hours (figure 13)81182 The AUC (between 0 and 12 hours) is 36 mg/L/hr,
and the half-life is estimated to be 441(9) hours! but has been found
to be shorter in three studies (3.8 to 4.1 hours) after a single dose of
10 mg/kg body weight’> A drug-concentration — time profile is shown
in figure 49175 Rifampicin is excreted unchanged in urine and bile and is
also metabolized. Its major metabolite, desacetyl-rifampicin, is excreted
principally in bile, but also in urinéé* It appears that there are differ
ences between men and women in the blood levels achieved, with women
achieving significantly higher levels than men, a difference not explained
by differences in body weight> The pharmacokinetics of rifampicin are
influenced by meals818” but depend on the type of constituents.
Carbohydrates and proteins seem to have virtually no influence, while a
fatty meal reduces serum concentrations considerably, as shown in four
groups of 35 patients each (figure 228). The major differences in phar
macokinetics following a meal include a reduced total amount absorbed
(area under the curve) and delayed achievement of peak serumtievels.
Tissue penetration of rifampicin is excellent into cavity linings, lung
parenchyma and kidneys, with levels above the serum levels (figut€&15).
Levels below the serum levels but well above the minimum inhibitory con
centration are achieved in pyogenic bone lesions and the pleétn#cal
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Figure 13. Pharmacokinetics of rifampicin in healthy volunteers. Reproduced
from'® by the permission of the publisher ASM Press.
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Figure 14. Pharmacokinetics of rifampicin following meals compared to fasting.
Reproduced from'88 by the permission of the publisher Churchill Livingstone.
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Figure 15. Tissue penetration of rifampicin with tissue-to-serum ratios.”s

concentrations close to the minimum inhibitory concentration were mea
sured in caseum and cerebrospinal fluid in meningitis.

The cerebrospinal fluid to plasma concentration level ratio is between
0.52 and 1.17 over 12 hours in the experimental (healthy) rabbit rifédel.
In comparative studies, mean peak rifampicin concentrations in the cere
brospinal fluid of patients with tuberculous meningitis of 2.4 mg/L were
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obtained six hours after administration of 600 mg rifampicin, while a delayed
mean peak of only 0.81 mg/L was reached nine hours after drug ingestion
in normal subjectd’®

The quality of rifampicin is very susceptible to the manufacturing
process. The same amount on a weight basis can lead to markedly reduced
bioavailability if the particle size in the manufacturing process or the excip
ient are changeé® A particularly critical issue in the manufacture of
rifampicin is its crystalline structure, which might be affected during the
mixing process (particularly if there is a failure to properly control-tem
perature and the grinding process), especially in fixed-dose combination
preparationg?1-193

Dosage The recommended dosage of rifampicin is 10 mg/kg body weight

in daily treatment3 The recommended dosage in thrice-weekly treatment

is the same as the daily dosage, because an increased frequency of a flu-
like syndrome has been observed with intermittent treatment at higher
dosages?*

Adverse drug eventftable 3). Serum bilirubin levels increase above -nor
mal values with the usual dosage of rifampicin on the first day of treatment,
but normalize within two weeks (figure 1651% The most frequent hepatic
abnormality caused by rifampicin is cholestasRifampicin induces isoni
azid hydrolase, leading to increased formation of hydrazine, a finding that
could explain the increased hepatotoxicity observed in patients receiving both
rifampicin and isoniazid (figure 1734197.19% Hepatitis as a result of combi
nation therapy with rifampicin and isoniazid is the most important adverse
drug event in adul#g0.194199.200gnd occurs also in children, albeit less- fre
guently 109.201-203 Pagtients with HIV infection appear to be at particularly high
risk of hepatotoxicity?>4206 Whether hepatitis B HBsAg carriers are at
increased risk appears to be equivd€&al®® In contrast, hepatitis C carriers
appear to be at greatly increased risk of drug-induced hepétitis.

Rifampicin has been reported to cause acute interstitial nepWrérsd
glomerulonephritisi

Hypersensitivity reactions are infrequent or rare, and include-pruri
tus,?'* and rarely severe muco-cutaneous toxicity, such as toxic epidermal
necrolysis?2214 particularly in HIV-infected patientd'>216

Rifampicin may cause menstrual disturbances such as oligomenorrhea
and amenorrhe&’ Anaphylactic shock has been reported among HIV-
infected patient$i8.219
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Figure 16. Total serum bilirubin levels in adults with normal liver function after inges-
tion of rifampicin at the beginning of treatment and after two weeks. Reproduced
from'% by the permission of the publisher Monaldi Archives for Chest Disease.

Among hematologic abnormalities, rifampicin has been reported to
cause leukopeni&® hemolytic crisis??! and thrombocytopeni&? the lat
ter being perhaps one of the more frequent adverse drug events.
Rifampicin reduces pruritus in patients with primary biliary cirrhosis,
similar to the effect of phenobarbitoAs.
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Table 3. Summary of adverse reactions from rifampicin with estimated frequen-
cies of occurrence. Note that these are estimates of frequencies which may vary
across population groups.

Frequent Common Infrequent Rare
(= 5 per 100) (= 1 per 100 and (= 1 per 1,000 (< 1 per 1,000)
<5 per 100) and< 1 per 100)

Bilirubin elevations Hepatitis Interstitial nephritis
in the beginning Pruritus Glomerulonephritis
of treatment Flu syndrome  Renal failure

Orange discoloration Drug fever Toxic epidermal
of urine and tears* necrolysis

Liver enzyme Oligomenorrhea
elevations Amenorrhea

Anaphylactic shock
Neutropenia
Leukopenia
Hemolytic anemia
Pseudomembranous
colitis
Eosinophilic colitis
Lupus erythematosus
Myopathy

* Not an adverse drug event, but a normal occurrence that might cause anxiety in patients.
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Figure 17. Hepatitis frequency following isoniazid alone or in combination with
rifampicin.198
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Rifampicin may rarely cause pseudomembranous c&t#% and
eosinophilc colitis?26

Rifampicin has also been reported to induce lupus erythema¥sus.

Rifampicin has also been reported to cause myopéthy.

With intermittent therapy, when higher doses than the now-recom
mended daily dose equivalent have been used, a “flu” syndrome has fre
quently been reportet#*??° Also shortness of breath, hemolytic anemia,
and renal failure usually occur only if rifampicin is given intermittertty.

Although not an adverse drug event, it should be noted that rifampicin
leads to orange discoloration of urine and té&grsnd may permanently
damage soft contact lens&s. Intoxication leads to the “red man syn
drome”_232-234

Interactions  Rifampicin is an inducer of several enzymes in the
cytochrome P-450 systef; leading to numerous interactions with multi

ple drugs. This action leads most frequently to faster elimination and lower
concentrations of the companion drug, an effect opposite to that seen with
the most common isoniazid interactions.

No important interactions between rifampicin and other anti-tubercu
losis drugs have been found, with the exception of para-aminosalicylic acid
preparation$* containing a bentonite excipieff® Rifampicin reduces the
incidence of pyrazinamide-associated arthralgia, not by increasing -pyrazi
namide elimination, but presumably through increased excretion of uric
acid.z¢  Numerous interactions with other medications have been
described!#0.237-2403s detailed below.

Effect of rifampicin potentiatedCotrimoxazole?*! A pharmacokinetic study
reported an inhibitory effect of the anti-retroviral indinavir on the metabo
lism of rifampicin.2+

Effect of rifampicin opposedNo drug has been identified yet that opposes
the action of rifampicin.

Effect of drug potentiated by rifampiciAcetominophen hepatic failure and
encephalopathy as a result of suspected potentiation by rifampicin has been
reported10s

Effect of drug opposed by rifampicin

» anti-arrhythmics such as quinidid®; 2*4phenytoini*® and lorcainide3*®
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anti-asthmatics such as theophyll#té?4¢ The effect on theophylline
pharmacokinetics might be opposed if rifampicin is given in combina
tion with isoniazid (which has the opposite effect), so that theophylline
clearance might be lowered, requiring a lower dose of theophylline in
patients simultaneously treated with isoniazid and rifampi@in;

anti-coagulants such as acenocoum&®@kl phenprocoumori®t252and
warfarin;253-257

anti-diabetics such as tolbutami#@2>*glidazide®° or, to a lesser extent,
glimeripide?! and glyburide262

anti-fungals such as the imidazol derivatives flucor2&t and kete
conazol+

anti-malarials such as hydroxychloroguiffeand quininé® and mefle
quine;266

antimicrobial agents such as chloramphenféol;

anti-retroviral agents such as protease inhibitors (saquinavir, ritonavir,
indinavir, nelfinavir) 8269 nevirapine (inconsistengy? and other anti-
viral agents such as zidovudiAg;?72

barbiturates such as hexobarbi&l;
benzodiazepins such as diazepdap;
beta-blockers such as proprandidl;

calcium blockers or antagonists such as verapd&ail and nifedip
ine;278

cardiac glycosides such as digoxi279.280
haloperidol 262

hormones such as oral contraceptiv®&s,gluococorticoids?s22s3
insulin,284285 and thyroxine2ss

immunosuppressants such as azathiopHheyclosporin287-2% and
tacrolimus2?
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*  Opioids;292-294
e vitamin K2%, vitamin D metabolisn?%

* sulphasalaziné?’

Pyrazinamide

Discovery Following up on the anti-tuberculosis activity of nicotinamide
(a vitamin B, precursor), further experimentation led to the synthesis of
pyrazinamide by Kushner at the Lederle Laboratories, communicated in
1952 (figure 183°¢ and by Solotorovski at the Merck laboratories in the
same yeaf® The synthesis of pyrazinoic acid, the active metabolite of
pyrazinamide, had already been patented in B334.

Nal @
E jC_NHZ
>
N

Figure 18. Chemical structure of pyrazinamide, synthesized by Kushner and col-
laborators in 1952.2%

Activity, mechanism of action and resistanceP?yrazinamide is only active
against mycobacteria, and among the genus, mycobacteria other than
M. tuberculosis(including M. bovig are naturally resistari! It was ree
ognized early on that pyrazinamide acts only in an acid environgffent.
The active derivative of pyrazinamide is pyrazinoic acid, which is prefer
entially accumulated in an acidic p¥. Pyrazinamide itself is not active
against intracellularly growin{l. tuberculosisi®* only the accumulation of
pyrazinoic acid through the action of the amidase pyrazinamidase by sus
ceptible M. tuberculosisleads to its intracellular bactericidal actiéh.

The presence of both a functional pyrazinamidase and pyrazinamide
transport system int®l. tuberculosishave been postulated as prerequisites
for drug susceptibility®® Relatively little is known about the actual drug
target, although the NAD metabolic pathway has been postulated as one of
the potential target¥”

Mutations inpncA a gene encoding pyrazinamidase, cause resistance
to pyrazinamide®®830 Resistance against pyrazinamide appears to develop
rapidly if given as a single effective agéfft. M. bovisis naturally resis
tant to pyrazinamidéll
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Pharmacokinetics After oral intake of 1500 mg of pyrazinamide, a peak
level of 25 to 30 mg/L is achieved after one to one and a half hours (fig
ure 19)181 Pyrazinamide has one of the best penetrations into cerebrospinal
fluid among the anti-tuberculosis medicatici&'s About four per cent

of pyrazinamide is excreted unchanged in urine and about 30% as- pyrazi
noic acid34 It is only slightly influenced by ingestion of antacids, but
with a fatty meal T, is delayed and C, slightly lowered, although these
effects are unlikely to bear clinical relevan@e. Absorption of pyrazi
namide is not influenced by food intake.

30 ~
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Figure 19. Pharmacokinetics of pyrazinamide in healthy volunteers. Reproduced
from'® by the permission of the publisher ASM Press.

Dosage The dosages of pyrazinamide have varied greatly since its intro
duction. In early periods, the usual dosage was around 40 to 50 mg/kg
body weigh#16317 and up to eight grams were given per d#y. Such
dosages frequently resulted in hepatotoxiétyand its early withdrawal
from chemotherapy regimensThe current recommendations are to give
25 mg/kg body weight per dait3

Adverse drug eventi&able 4). The two major adverse drug events of pyraz
inamide are hepatotoxicityp120.200310317-324nd interference with the metab
olism of purine. The latter leads to decreased excretion and accumulation
of uric acid, occasionally accompanied by gout-like arthradtigs32¢ The
suppressive effect of pyrazinoic acid on uric acid excretion is maximal for
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Table 4. Summary of adverse reactions from pyrazinamide with estimated fre-
quencies of occurrence. Note that these are estimates of frequencies which may
vary across population groups.

Frequent Common Infrequent Rare
(= 5 per 100) (= 1 per 100 and (= 1 per 1,000 (< 1 per 1,000)
<5 per 100) and< 1 per 100)

Arthralgias Nausea Hepatitis Sideroblastic anemia
Rash Lupus erythematosus
Nausea Convulsions
Photodermatitis

24 hours32” Thus, uric acid retention could be reduced by intermittent
administration.

Relatively frequent events include r&%l#28329and naused® Rarer
adverse drug events include sideroblastic anémdupus erythematosus?
convulsions33! and photodermatitigs?

Interactions

Effect of pyrazinamide potentiatedllopurinol increases plasma coneen
trations of pyrazinoic acid which is directly responsible for the inhibition
of renal urate secretiot¥® Therefore, pyrazinamide-induced arthralgias are
unresponsive to allopurinol.

Effect of pyrazinamide opposed:potentially serious interaction may exist
with zidovudin, with combination treatment leading to barely detectable
pyrazinamide level§3* However, these findings have not been confirmed.

Effect of drug potentiated by pyrazinamidéone identified.

Effect of drug opposed by pyrazinamid®rrazinamide might antagonisti
cally affect the action of medications that have a uricosuric effect such as
acetylic salicylic acid, ascorbic acid, probenecid, and iodine containing radio-
contrast offering preparatior§:336

Ethambutol

Discovery The synthesis of ethambutol (figure 20) was reported in
1961337 |Its excellent activityin vitro andin vivo againstM. tuberculosis
was reported in the same yeats340
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Figure 20. Chemical structure of ethambutol, reported by Thomas and collabo-
rators in 1961.3%7

Activity, mechanism of action and resistanceEthambutol is only active
against mycobacterig® Ethambutol is bactericidal on both extracellu
lar and intracellular tubercle bacilttt The MIC of ethambutol for
M. tuberculosisis about 0.95 to 7.5 mg/L in broth and 1.9 to 7.5 mg/L
on agarzt

Ethambutol specifically inhibits biosynthesis of the mycobacterial cell
wall.#6 It acts on the biosynthesis of arabinogalactan, the major pelysac
charide of the mycobacterial cell wat It inhibits the polymerization of
cell wall arabinogalactan and of lipoarabinoman@&&d* It indirectly
inhibits mycolic acid synthesis (by limiting the availability of arabinan for
the mycolic acids to attach ) and triggers a cascade of changes in the
lipid metabolism of mycobacteria, leading to the disaggregation of-bacte
ria clumps into smaller clustef$ It appears to be able to break down
the “exclusion barrier” located in thd. avium cell wall and thus signHi
cantly enables the activity of other drugs, both intracellularly and -extra
cellularly.347.348

The maximum proportion of ethambutol-resistant mutants able to grow
during ethambutol monotherapy of an isoniazid-susceptible strain is esti
mated to be approximately 1 in 868

Pharmacokinetics The absorption of ethambutol is rapid-ollowing a
dosage of 25 mg/kg body weight, a peak serum concentration of 4 to 5 mg/L
is achieved approximately two to four hours after administration (fig
ure 21)349350 The drug is not extensively metabolizedRoughly 80%of
ethambutol is eliminated by glomerular filtration and tubular secréiGe.
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Figure 21. Pharmacokinetics of ethambutol in healthy volunteers. Reproduced
from3* by the permission of the publisher American Thoracic Society at the American
Lung Association.

Ethambutol penetrates tissues rapidly and in high concentrations, including
lung, liver and kidney in experimental tuberculo®$&% It has poor pen
etration into cerebrospinal fluid and br&f. Renal failure decreases body
clearance and increases serum half-life, and dose adjustment in such patients
Is mandatory?®* High-fat meals alter the pharmacokinetics of ethambutol
somewhat, but probably not importangy.

Dosage Although 15 mg/kg body weight in the continuation phase and
25 mg/kg body weight in the intensive phase have been recommé&fded,
international consensus recommends 15 mg/kg (range 15 to 20 mg/kg)
throughout 13 to obviate operational difficulties in changing the dosage and
to further reduce toxicity.

Adverse drug event@iable 5). The most important adverse drug event of
ethambutol is ocular toxicity, first reported in 1982,and followed by
numerous account§®3’s |t is postulated that many instances of ethamb
utol’'s ocular toxicity might be explained by its binding to zinc or-cop
per.152377 Two types of ocular toxicity (optic neuropathy) from ethambu
tol have been describé@:3® The more common form is a noninflammatory
axial fiber disease involving central fibers of the optic nérée Patients
with central or axial toxicity have reduced visual acuity, central scotoma,
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Table 5. Summary of adverse reactions from ethambutol with estimated fre-
quencies of occurrence. Note that these are estimates of frequencies, which may
vary across population groups.

Frequent Common Infrequent Rare
(= 5 per 100) (= 1 per 100 and (= 1 per 1,000 (< 1 per 1,000)
<5 per 100) and< 1 per 100)

Retrobulbar Aplastic anemia
neuritis Eosinophilic pneumonia

Periaxial ocular Thrompocytopenia
toxicity Hyperuricemia

and loss of ability to see green (reported as white or grayje ability to

see red, which has been reported as pink, has occasionally been affected.
Those with periaxal toxicity have a defect in the peripheral isopters of their
field of vision, with little or no decrease in visual acuity and normal red-
green color discrimination.The optic discs and the fundi appeared normal
in both types of toxicity. The incidence of ocular toxicity is dose depen
dent372379 The chance of visual recovery appears to be related to the total
dose administered and the initial degree of loss of vigionlt has been
recommended not to use ethambutol in children too young for objective
tests for visual acuity®® There is, however, no evidence that children are
particularly prone to ocular toxicit§®° and ethambutol may thus be used

in children. However, as children might be less likely to report oculas tox
icity, particular caution may be warrantedOcular toxicity is usually
reversible upon cessation of ethambutol administration, but recovery might
be protracted®® Compared to the frequency of fatal outcome resulting
from anti-tuberculosis medication, the occurrence of blindness from etham
butol is rare3®’

Ethambutol may cause aplastic anefiidyut this is exceedingly rare.
Ethambutol is a rare cause of pulmonary infiltrates with eosinopfllia,
rash367.382exacerbation of lupus erythematosésthrombocytopenié? and
hyperuricemiasé*

Interactions

Effect of ethambutol potentiatedlthough listed in some text books, ethion
amide and isoniazid have not been conclusively shown to increase- etham
butol ocular toxicity.

Effect of ethambutol opposedAluminum-magnesium antacid reduces
ethambutol resorption, and lowers and delays, respectivglya@d T...3%
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Effect of drug potentiated by ethambutblone identified.

Effect of drug opposed by ethambutNlone identified.

Streptomycin

Discovery Selman A Waksman isolatectinomyces griseusom soil in
1916385 later termedStreptomyces grisei® In 1939, Waksman'’s research
group started an extensive study of substances produced by soil organisms
which destroyed other soil organisms (termed antibiotics by Wakstffan).
The first antibiotic isolated from aActinomycesspecies was actinomycin

in 194038 In 1942, streptothricin was isolaté#. In September 1943
Streptomyces grisewgas re-identified?®® and the isolation of streptomycin
was reported in January 1944 (figure 22). It is noteworthy that the orig

inal table presenting the antimicrobial activity of streptomycin accorded a
single, inconspicuous line to its effect dh tuberculosisand this finding
found no mention in the text (figure 2%f. But in the same year Schatz
and Waksman published a paper devoted particularly to the action of strep
tomycin onM. tuberculosis®®! In 1952, Waksman received the Nobel Prize
for Physiology or Medicingg6:387

NH
Hil NH
NCNH, Hi
NCNH,
o
OH
CHO o) OH
H,C
OH

Figure 22. Chemical structure of streptomycin, isolated by Schatz, Bugie, and
Waksman and reported in 1944.3%
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TABLE III.
Comparative Bacteriostatic Spectra of Streptomycin and Streptothricin.
On basis of crude, ash-free dry material.

Units of activity per gram
ash-free dry material

Streptomycin  Streptothricin

Organism Gram stain x 1000 x 1000
B. subtilis O + 125 500
B. mycoides O + 250 <3
B. mycoides 317-911 + 20 <3
B. cereus + 30 <3
B. mesentericus + 15 -
B. megatherium + 100 150
S. aureus + 15 200
S. lutea + 100 150
M. phlei + 100 50
M. tuberculosis + 30 -
Phytomonas pruni — 100 400
Listerella — 10 —
Shigella gallinarum — - 150
E. coli — 25 100
S. marcescens - 25 5
A. aerogenes — 10 50
P. vulgaris — 10 50
S. aertycke - 2.5 -
S. schottmiilleri — 50

Ps. fluorescens — 2 <3
Ps. aeruginosa - 1 <3
Cl. butylicum - 3 <3

Figure 23. Original table published when the isolation of streptomycin was
reported. Reproduced from3® by the permission of the publisher Society for
Experimental Biology and Medicine.

Activity, mechanism of action and resistanceStreptomycin has a broad-
spectrum activity against many gram-positive and gram-negative microor
ganisms and against various species of mycobactéisaeffect onM. tuber
culosis in vitroand in the guinea pig was reported as earl\Dasember
1944392 and a preliminary report on its usefulness in the treatment of tubercu
losis in man in September 1945 by Feldman and Hinspégd followed by

a more extensive report in 1948. The MIC of M. tuberculosisis 0.25

to 2.0 mg/L2156 |t had been surmised that streptomycin is active only
against extracellularly growing tubercle bacilli, but this notion has not been
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borne out by experiments which have demonstrated its activity against bacilli
residing inside macrophages as w#il.

Streptomycin inhibits protein synthesis Mf tuberculosis Streptanycin
acts on ribosomes and causes misreading of the genetic code, inhibition of
translation of mRNA, and aberrant proofread?g.

It was demonstrated a half century ago that a strain may contain dif
ferent variants with different levels of susceptibility (or resistance) to-strep
tomycin.3% Interestingly, problems with molecular techniques to properly
identify clinically relevant resistance led some authors to conclude that the
seemingly outdated use of drug-containing media described in these early
report$% may again become a valid procedéfe. Resistance results from
a limited number of missense mutations in treegene (16S rRNA) or in
the rpsL gene (ribosomal protein S12%

The maximum proportion of streptomycin resistant mutants able to
grow during streptomycin monotherapy of an isoniazid susceptible strain is
estimated to be approximately 1 in®&l%

Pharmacokinetics Streptomycin is not at all, or only insignificantly,
absorbed from the gut and its administration is parentdfallowing intra
muscular administration, resorption is rapid and maximum serum concen
trations are achieved within one to two hours (figure'’2#p1 Streptomycin,

like all aminoglycosides, is excreted by glomerular filtratiowhen kid

35 q
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Figure 24. Pharmacokinetics of streptomycin in tuberculosis patients. Reproduced
from'® by the permission of the publisher American Thoracic Society at the
American Lung Association.
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ney function is impaired, the dosage must be adjusted, as excretion is exclu
sively renal®¢ Streptomycin has a limited ability to penetrate membranes,
resulting in low concentrations of cerebrospinal fléfl.

Dosage After large doses (up to three grams daily were given in the early
trials®%) toxicity was frequent and dosage reductions were sought that would
not compromise efficacy®® The current recommendation is to give
15 mg/kg body weight (range 12 to 18} with a usual maximal dose of
one gram in adults.The dosage is reduced in elderly patients.has to

be administered parenterally, usually by intramuscular injection, but intra
venous application is preferred by some because of higher peak but lower
trough levelsio4

Adverse drug event@able 6). The main adverse effect of streptomycin is
vestibulo-cochlear toxicity, which is usuaifj493405put not always, dose-
dependent® Hypersensitivity reactions are also relatively frequent and
important?® not only in patients, but also in health care personnel admin
istering the medicatio?” Because of its penetration into amniotic fluid
and its ototoxic effect on the fetd®, streptomycin should never be admin
istered to pregnant womeh. Streptomycin may cause neuromuscular block
ade % not reversed by neostigmirt&.

Table 6. Summary of adverse reactions from streptomycin with estimated fre-
quencies of occurrence. Note that these are estimates of frequencies, which may
vary across population groups.

Frequent Common Infrequent Rare
(= 5 per 100) (= 1 per 100 and (= 1 per 1,000 (<1 per 1,000)
< 5 per 100) and< 1 per 100)

Vestibular Cochlear toxicity =~ Renal damage Neuromuscular
toxicity Hypersensitivity blockade
reactions
Interactions

Effect of streptomycin potentiate@totoxicity of streptomycin is increased
by diuretics such as furosemideand ethacrynic acid!?

Effect of streptomycin opposeNone identified.
Effect of drug potentiated by streptomycitike other aminoglycosides,

streptomycin has a neuromuscular blocking effé@nd may lead to pro
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longed respiratory depression following curare-like drugs, such as pan
curonium*4 succinylcholine or tubocuroniufi or non-depolarizing relax
ants such as diallyl-nortroxiferirré¢

Effect of drug opposed by streptomydione identified.

Thioacetazone

Discovery Freund and Schander synthesized benzaldehyde-semicarbazone
in 1896 and 1902, respectivel¥:418 From this basic compound, deriva
tives with anti-tuberculosis properties were later developAéter investt
gations on sulphonamides had revealed that thiazoles and thiodiazote deriv
atives exerted some activity against mycobacté&fiaDomagk and
collaborators at the Bayer Laboratories synthesized a new class of drugs,
the thiosemicarbazones, of which thioacetazone (figure 25) was shown to
be active against tubercle bacil#b.

@)

H,C—C—N H=N—N—C—NH,
H C H S

Figure 25. Chemical structure of thioacetazone, synthesized by Domagk and col-
laborators in 1946.420

Among the numerous derivatives of semicarbazones, three have found par
ticular activity against. tuberculosis*?

p-acetylamino-benzaldehyde-semicarbazone;
p-methoxy-benzaldehyde-semicarbazone;
p-ethylsulfone-benzaldehyde-semicarbazone.

Of these, p-acetylamino-benzaldehyde-semicarbazone, tested under the name
TB I, now known as thioacetazone, became the most widely used semi
carbazone.

Activity, mechanism of action and resistancerhiosemicarbazones, includ
ing thioacetazone, are active only against mycobacteria, and favamable
vitro andin vivo results againsM. tuberculosiswere published in 19492
The observedn vitro susceptibility ofM. tuberculosisvaries considerably,
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depending on the technique of susceptibility testing and the origin of the
strain#22  An observation made in a comparison of tubercle bacilli isolated
from India and in the United Kingdom showed that Indian strains were
considerably less susceptible to thioacetazone than strains from the United
Kingdom.#22 This geographic variation was subsequently confirdié¢’
The susceptibility of strains may vary even within the same cou#ftry.
The correlation betweem vitro andin vivo results is often very pod#?

The mode of action of thioacetazone has not been elucitfagdthough
it has been shown that thioacetazone forms copper complex salts and it has
been postulated that these might represent the effective comffdund.

There is partial cross-resistance between thioacetazone and-ethion
amide#22

Pharmacokinetics Thioacetazone is rapidly absorbed and maximum serum
concentrations are achieved about four hours (range two to six hours) after
ingestion{32434and is eliminated from serum almost completely within 24
hours (figure 26)34

Dosage The currently recommended dosage of thioacetazone is 2.5 mg/kg
body weight per day? Only daily treatment is recommended.

Adverse drug eventgétable 7). Thioacetazone frequently causes adverse
drug eventsi?>438 which occur in up to 40% of patientsThe most fre

2 -
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Figure 26. Pharmacokinetics of thioacetazone in healthy volunteers.*3
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guent adverse drug events are gastrointestinal (weight loss, nausea, vomit
ing),*2! central nervous systerd! and cutaneous adverse drug eveffs.

An international investigation in 13 countries into adverse drug events due
to thioacetazone was coordinated by the British Medical Research
Council.#¥* The frequency of adverse drug events in that study was 21%
compared to eight per cent of patients who were not receiving thieaceta
zone. More than half of the adverse drug events were milthe study
confirmed earlier observations that gastrointestinal and neurologic adverse
drug events (headache, blurred vision, perioral numbness, mental symptoms,
and peripheral nerve symptoms) were the most frequent, followed by cuta
neous adverse drug event§wo out of 1,000 patients developed agranu
locytosis#3® The frequency of adverse cutaneous reactions varied 4n dif
ferent populations. Differences in nutrition may be a contributor to this
observation as, for example, consumption of cheese and fish appear to
increase the risk of cutaneous and neurologic adverse drug étfents.

It was recognized relatively early that patients with HIV infection
have increased susceptibility to developing toxic epidermal necrolysis when
given sulfur-containing medications such as sulfado¥iner sut
famethoxazole’*2 The causal relationship between the occurrence of cuta
neous adverse reactions and the use of thioacetazone has been elegantly
demonstrated (figure 273 Reactions may present as pruritus without
rash, rash without epidermolysis, and most seriously as toxic epidermal
necrolysis##4 The latter has a case fatality rate of 20% to 30%, depend
ing on the selection of cases (figure 283oth reactions and deaths occur
relatively early in the course of administration, with more than half eccur

Table 7. Summary of adverse reactions from thioacetazone with estimated fre-
quencies of occurrence. Note that these are estimates of frequencies, which may
vary across population groups.

Frequent Common Infrequent Rare
(= 5 per 100) (= 1 per 100 and (= 1 per 1,000 (<1 per 1,000)
< 5 per 100) and< 1 per 100)

Weight loss Toxic epidermal Toxic epidermal  Agranulocytosis
Nausea necrolysis necrolysis

Vomiting (in HIV) (in non HIV)

ltching infected patients) infected patients)

Mental disturbances

Headache

Blur_red vision
Perioral numbness
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Figure 27. Demonstration of the causal relation between cutaneous adverse reac-
tion and thioacetazone, by HIV status and regimen.*+

ring within the first three weeks of treatment (figure 29) (Tanzania National
Tuberculosis / Leprosy Programme, IUATLD, unpublished data).
Numerous accounts have now been published that confirm the potential
seriousness of the utilization of thioacetazone in HIV infected tuberculo
sis patientst*>-448  While most adverse reactions are toxic effects, -cuta
neous adverse reactions appear to be largely idiosyncratic, and are not
influenced by reducing the dosatjé.
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Figure 28. Adverse cutaneous reactions and deaths associated with the use of
thioacetazone, by severity of reaction. Tanzania National Tuberculosis / Leprosy
Programme and IUATLD, unpublished data.
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Figure 29. Adverse cutaneous reactions and deaths associated with the use of
thioacetazone, by duration of thioacetazone intake. Tanzania National Tuberculosis
/ Leprosy Programme and IUATLD, unpublished data.

Because of this strong association, thioacetazone should never be given
to patients known to be HIV infectéd. It is also sensible policy to retin
quish its use in countries where the HIV prevalence among tuberculosis
patients is known to be hig#?450

Interactions. Interactions between thioacetazone and other medications are
not known.

Fixed-dose combinations

Tuberculosis needs to be treated with multiple drudfsis thus not sur
prising that efforts have been undertaken to develop so called fixed-dose
combinations. Fixed-dose combinations simplify treatment, minimize- pre
scription errors, and simplify supply managemént>? As fixed-dose com
binations containing rifampicin may be particularly prone to posing- diffi
culties in assuring bioavailability, specific requirements have been outlined
to ensure their qualitys2453

The dosages of the individual components in a fixed-dose combina
tion are of critical importance to prevent both over- and under-dosage.
WHO recommends the dosages per tablet as summarized in taite8.
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Table 8. Fixed-dose combinations (FDC) of antituberculosis drugs and dosages
of individual drugs as recommended by WHO. 4%

FDC per tablet For daily use (mg drug) For three-times weekly
use (mg drug)
{TH} 150 T + 300 H
50 T + 100 H * -
{EH} 400 E + 150 H -
{RH} 300 R + 150 H -
150 R + 75 H 150 R + 150 H
60 R+ 30 H* 60 R + 60 H
{RHZ} 150 R + 75 H + 400 Z 150 R + 150 H + 500 Z
60 R +30H+ 150 Z * -
{RHZE} 150 R + 75 H + 400 Z + 275 E-

* For pediatric use
Abbreviations: T = thioacetazone; H = isoniazid; E = ethambutol; R = rifampicin; Z = pyrazinamide.

Fixed-dose combinations will guarantee that drugs cannot be taken sep
arately. They thus reduce the potential of acquisition of drug resistance.
However, prescription errors or selective use of the number of tablets by
the patient may lead to sub-inhibitory concentrations of all drugke
need for direct observation of drug intake is thus not obviated with their
introduction into national programs.

Principal prerequisites
for an efficacious anti-tuberculosis drug

It is general practice to define the action of antimicrobial agents as “bac
teriostatic” or “bactericidal”. This terminology might not be that useful in
describing the activity of anti-tuberculosis medicatioriditchison has pre
posed the utility of defining three prerequisites for an anti-tuberculosis drug
(table 9)#56

» Early bactericidal activity;
« Sterilizing activity;
» Ability to prevent emergence of resistance to the companion drug.
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Table 9. Grading of activities of anti-tuberculosis drugs. Reproduced from45¢ by
the permission of the publisher Churchill Livingstone.

Extent of activity Prevention Early Sterilizing
of resistance bactericidal
High isoniazid isoniazid rifampicin
rifampicin pyrazinamide
ethambutol
ethambutol rifampicin isoniazid

streptomycin
streptomycin streptomycin
pyrazinamide pyrazinamide thioacetazone
Low thioacetazone thioacetazone  ethambutol

Early bactericidal activity

Early bactericidal activity is defined as the ability of the drug to kill tuber
cle bacilli in the first few days of treatmet?>456 In a study measuring
sputum colony counts in newly diagnosed tuberculosis patients treated with
a multitude of monotherapy and multidrug therapy regimens during the first
two weeks of treatment, no other drug or drug combination was superior
to isoniazid alone in the first two days of treatment (figures 30 and@*31).
This high early bactericidal activity of isoniazid was subsequently con
firmed.26457 |t is likely that the rapid reduction in infectiousness seen in
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Figure 30. Early, two-day bactericidal activity of anti-tuberculosis drugs, mea-
sured as the reduction in colony-forming units in sputum.2
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Figure 31. Bactericidal activity of isoniazid compared to a four-drug combination
therapy over the first two weeks of treatment.?

tuberculosis patients once placed on chemothé?épiype+>%is largely due
to the use of isoniazid.

Sterilizing activity

Sterilizing activity is defined as the ability to remove so called “persisters”,
once the large bulk of rapidly growing organisms has been killeanodel
presented by Grosset clarifies these two major components of chemother
apy (figure 32)46° Inability to destroy rapidly growing bacilli, located
largely extracellularly, leads to treatment failure, while inability to eradi
cate persisters leads to relapse subsequent to treatment compleiisters

are bacilli that have a lower metabolic activity and thus replicate much
more slowly than bacilli found in cavity liningslt was postulated that the
efficacy of rifampicin as a sterilizing agent was due to its activity on spe
cial populations'®* This was tested in an experiment reproducing condi
tions appropriate for high and low metabolism of tubercle bacilli, respec
tively, using temperature control as the me&as.At body temperature,
there was only slightly higher activity of rifampicin over isoniazid during

a seven-day period.If pulsed temperature elevation was applied for only
one hour per day to increase metabolism, rifampicin was considerably more
active than isoniazid (figure 33}2
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Figure 32. Schematic presentation demonstrating the mechanisms for treatment
failure and disease relapse. Reproduced from*® by the permission of the publisher
Excerpta Medica.
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Figure 33. Comparative activity of isoniazid and rifampicin in experiments mim-
icking high and low metabolic activity. Reproduced from462 by the permission of
the publisher American Thoracic Society at the American Lung Association.

Ability to prevent emergence of resistance
to the companion drug

Prevention of the emergence of drug resistance is defined as the ability of
a drug to prevent selection of mutants resistant to the companion drug.
Not every anti-tuberculosis drug has the same ability to prevent emergence
of resistance against a companion drug in clinical practice (figuré34).
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Figure 34. Ability of an anti-tuberculosis drug to prevent as a companion drug
the emergence of isoniazid resistance.*®

In summary, each anti-tuberculosis medication can be assigned-a grad
ing scale according to these three properties (tabte® 9Yhis explains the
reason for the high efficacy of chemotherapy regimens incorporating iso
niazid, rifampicin, and pyrazinamide.

Emergence of anti-tuberculosis drug resistance
The most convincing evidence for the mechanism of emergence of clini

cally significant drug resistance is effective or functional monotherdpys
and related mechanisms are discussed in some detail.

There are several mechanisms by which tubercle bacilli may acquire
resistance®*

« Effective or functional monotherapy;

* Monotherapy during sterilization of special populations;
« Differences in bactericidal activity;

¢  Sub-inhibitory concentrations;

» Differences in post-antibiotic lag phase.
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Effective or functional monotherapy

The first clinical trial in tuberculosis was by necessity limited to the first
drug developed against tuberculosis, streptomydm.the trial conducted

by the British Medical Research Council, a total of 109 patients were-admit
ted to the streptomycin arfi® Serial susceptibility testing results were
available among 41 of these patients, 35 of whom acquired streptomycin
resistance (figure 35).As the testing interval between susceptible and-resis
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Figure 35. Emergence of streptomycin resistance during monotherapy in the British
Medical Research Council trial.465

tant cultures varied to a considerable extent among individual patients, the
point in time when resistance emerged cannot be known precisealy.

this reason, the event was estimated to have occurred at the mid-point
between the time the last susceptible and the first resistant culture was
obtained. Resistance had already started to emerge after three weeks of
treatment. By the time a patient had received two months of streptomycin
monotherapy, the probability that drug resistance had been acquired exceeded
60%.

The explanation for this phenomenon is that among the many suscep
tible bacilli present in cavitary disease, spontaneous mutations occur at a
given probability for each drug that convey resistance to that ditlge
bacterial populations found in cavitary lesions obtained from resected lung
tissue of patients were of the order of710 10° bacilli, whereas those
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found in caseous foci did not exceed?1® 10* bacilli.“6¢ It has been
experimentally demonstrated that it is selection of these mutants rather than
adaptation to the medicatidf’. In a cavitary lesion containing t@rgan

isms, there will be around %0soniazid resistant mutants (i.e., one in a
million) with the opportunity to replicate and become the dominant strain
while the susceptible organisms are being killed off (figure*Sgy?
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Figure 36. Diagrammatic presentation of the emergence of resistance to isoni-
azid during isoniazid monotherapy. Reproduced from*® by the permission of the
publisher Churchill Livingstone and the author.

Monotherapy during sterilization of special populations

Not all drugs work equally well on all bacillary sub-populationghese
sub-populations are exemplified in figure 37. None of the drugs works

on the “dormant” or “latent*”® sub-population. Other specific sub-popu
lations are the target of some drugs, such as pyrazinamide, which is active
only in an acid environment.If, for instance, a patient with an initially
isoniazid-resistant strain receives isoniazid, pyrazinamide, and ethambutol,
the sub-population hypothesis would suggest that the patient’s large bulk
of rapidly metabolizing organisms is treated with ethambutol monotherapy.
As there will be effective monotherapy in these special populations; resis
tant mutants should have a survival ben#fit.
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Figure 37. Special population hypothesis, indicating those bacterial populations
at the start which are killed by the various drugs. Reproduced from*% by the per-
mission of the publisher Churchill Livingstone.

Differences in bactericidal activity

Isoniazid has the highest early bactericidal activity of all of the antituber
culosis drugs. Thus, isoniazid-resistant mutants may have a selection -advan
tage over a two-day periodThis is not usually relevant, as this advan
tage is overcome over the ensuing periddowever, should it happen that
treatment is stopped after two days and subsequently resumed for another
two-day period, the proportion of isoniazid-resistant mutants will have
increased at the end of each cycle (figure“38).

Sub-inhibitory concentrations

Whenever sub-inhibitory concentrations of a drug A are being taken, growth
of bacilli susceptible to drug A will be mildly suppressed and their natural
re-growth retarded if it is stoppedThis does not apply to mutants resis
tant to drug A. They will not be affected at all by drug A but only by
other drugs given simultaneously (figure 3%). The mutants resistant to
drug A will thus have a selective advantagéhis might not be an uncom

mon scenario as the number of tablets required to be ingested (including
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Figure 38. Bactericidal effects during two successive initial two-day phases of
treatment with isoniazid and rifampicin. Reproduced from** by the permission of
the publisher International Union Against Tuberculosis and Lung Disease.

fixed-dose combination tablets) is large, and during self-administration
patients might be tempted to take some but not all of the tablets.
Mitchison*é points out that this mechanism would be most effective for
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Figure 39. Sub-inhibitory concentrations of anti-tuberculosis drugs during
regrowth. Reproduced from*% by the permission of the publisher International Union
Against Tuberculosis and Lung Disease.
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drugs with a high therapeutic margin such as isoniazid, as the effective
half-life at sub-inhibitory concentrations would persist longer than that of
other drugs?* The difference in pharmacokinetics of the drugs given
together (in a combination tablet or in separate preparations) may be such
that after several hours only one of the drugs is still active, leading te func
tional monotherapy. Sub-inhibitory concentrations of one or more drugs
may be observed in patients with impaired gastrointestinal absorption.

Differences in post-antibiotic effect (lag phase)

When drugs are stopped, the length of time it takes bacilli to restart growth
(post-antibiotic lag phase) differs for different anti-tuberculosis medications
(figure 40)472 Thus, for example, mutants resistant to drug A (with a long
lag phase) are killed by drug B (with a short lag phaddutants resistant

to drug A will thus start re-growth earlier when both drugs are stopped and
obtain a selective advantage at the end of the cycle (figur&#4l).

Clinical trials in the treatment of pulmonary tuberculosis

Since the discovery of streptomycin, clinical trials with anti-tuberculosis
medications in various combinations have been carried out throughout the
world to ascertain the shortest possible and best tolerated efficacious treat
ment regimens. The standard approach for studying a new drug or drug

Streptomycin
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Ethambutol

Rifampicin

0 1 2 3 4 5 6 7 8 9 10
Lag after 24 hr exposure to drug (days)

Figure 40. Post-antibiotic effects with M. tuberculosis lag periods before re-
commencement of growth after exposure in 7H10 medium.*2
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Figure 41. Bacteriopausal effects during regrowth of M. tuberculosis. Reproduced
from“é4 by the permission of the publisher International Union Against Tuberculosis
and Lung Disease.

combination is the randomized controlled clinical trial, whereby a group of
patients is randomly assigned to the new regimen (experimental arm) or to
the standard regimen (control armJhe element of randomization to reduce
selection bias was actually first introduced in tuberculosis, with the first
streptomycin trial of the British Medical Research Couffeit/3474

Clinical trials have been conducted all over the world by different orga
nizations and institutions.However, there can be little doubt that the lead
ing role in the development of modern chemotherapy against tuberculosis
was taken by the British Medical Research Council and its collaborators
throughout the world22475and by the United States Public Health Service
and the United States Veterans Administratitn.

While the efficacy of anti-tuberculosis treatment was fully appreciated,
it is noteworthy that tuberculosis was for a long time not considered to be
curable; temporary remission and prevention of emergence of resistance
were the primary objectives for a long timéhis is particularly surpris
ing as it had been shown already in the 1950s that tuberculosis is curable
using appropriate combination therafdy78

In the following, only the highlights leading up to modern chemether
apy are summarized.For a more detailed account, the comprehensive
review by Fox and collaborators from the British Medical Research
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Councilt2z or the individual trials conducted by the US Public Health
Services19479-491might be consulted.

Streptomycin monotherapy

Shortly after the discovery of streptomycin, clinical trials with streptomycin
monotherapy were conducted in Great Brit&irand the United State’$?

It was noted in these trials that case fatality from tuberculosis was con
siderably reduced.However, it was also seen that patients improved over
the first few months and subsequently deteriorated, in many cases due to
acquisition of streptomycin resistancédmong survivors, sputum conver

sion did not much differ between those receiving streptomycin and those
not (figure 42)#%2 The insoluble problem was the selection of resistant
strains. While toxicity could be reduced by lowering the dosage and-spac
ing administration more widely, the problem of bacterial resistance was not
resolved#® The streptomycin trials impacted considerably on research for
the next 20 years, which largely concentrated on methods of preventing the
emergence of drug resistance.

Streptomycin plus para-aminosalicylic acid

The introduction of para-aminosalicylic acid into the armamentarium allowed
combination therapy to be usedn a study of the British Medical Research
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Figure 42. Sputum culture conversion among patients receiving streptomycin com-
pared to placebo.*?
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Council, streptomycin monotherapy, para-aminosalicylic acid monotherapy
and chemotherapy with both drugs combined was carried®o8t. It was
demonstrated unequivocally, and for the first time, that combined chemother
apy reduced the risk of acquisition of resistan@milarly, a clinical trial

in Denver, Colorado, USA showed that the combination of streptomycin
and para-aminosalicylic acid overcame the emergence of resistance; in con
trast to monotherapy with either one (figure 43).
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Figure 43. Emergence of resistance to streptomycin and/or para-aminosalicylic
acid given alone or in combination. Reproduced from*® by the permission of the
publisher American Thoracic Society at the American Lung Association.

Streptomycin plus para-aminosalicylic acid plus isoniazid

It appears that the logical step following the introduction of isoniazid, namely
to compare the efficacy of streptomycin, para-aminosalicylic acid, and iso
niazid with a control arm of streptomycin plus para-aminosalicylic acid,
was never subjected to a formal randomized clinical trial, either by the US
Public Health Service or by the British Medical Research Counthis
is particularly astonishing, as this triple combination therapy must be
considered the breakthrough in tuberculosis treatment because it introduced
the certainty of consistently curing tuberculosis patients with an initially
fully susceptible strain.

It is furthermore a curiosity in the history of medicine that the -cura
tive results of this combination therapy were not even accorded a full-length
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article. The experiences in Edinburgh of Sir John Crofton and collabora
tors were relegated to the correspondence section dArtlezican Review

of Tuberculosigfigure 44)47" The efficacy of this approach seemed -con
vincing, although a randomized trial would surely have been indicated to
remove any lingering doubts about biased selection and ascertainfent.
subsequent study of the British Medical Research Council, begun in 1956,
added a streptomycin supplement until susceptibility to PAS was demon
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Figure 44. Sputum culture conversion in patients with pulmonary tuberculosis due
to susceptible organsisms, with triple therapy consisting of streptomycin, para-
aminosalicylic acid, and isoniazid. Reproduced from*7 by the permission of the
publisher American Thoracic Society at the American Lung Association.

strated#°¢ This indicates that the importance of a resistance-preventing
component in the intensive phase was not yet fully appreciatedthe
report on US Public Health Service trial 4, it was explicitly stated that there
was no advantage of using all three drugs in cases of recent Gtigin.
US Public Health Service trial 3, a comparison of the combination-strep
tomycin plus isoniazid with streptomycin plus PAS was made; it demon
strated the superior ability of the isoniazid-containing regimen to induce
culture conversion (figure 45% However, the difference between a-eg
imen of streptomycin plus para-aminosalicylic acid plus isoniazid versus
streptomycin plus para-aminosalicylic acid was not ascertained.
Nevertheless, common sense prevailed and by the end of the 1950s,
the regimen that had been used in Edinburgh became, at least in the United
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Figure 45. Sputum culture conversion among patients treated with streptomycin
and para-aminosalicylic acid compared to streptomycin and isoniazid.*®

Kingdom, standard practi¢& following a trial by the British Medical
Research Council demonstrating faster conversion, fewer bacteriologic fail
ures and relapse®64% The WHO considered it one of the major reqi
mens for low-income countrie’8? It took many years for experts of other
countries to be convinced of its importance, and that only after an inter
national comparative clinical triaP?

Isoniazid plus ethambutol

Because of the frequency of side effects associated with para-aminosali
cylic acid, ethambutol appeared an attractive alternatiVee US Public
Health Service trial 16 showed that sputum conversion was indistinguish
able in patients receiving, in addition to isoniazid, ethambutol in lieu of
para-aminosalicylic acid (figure 46), although there was a marked reduction
in the occurrence of adverse drug evefts.

Neither the US Public Health Service nor the British Medical Research
Council studied a 12-month regimen with isoniazid and ethambutol through
out, supplemented by streptomycin in the intensive phase, although this reg
imen has been widely used in low-income countries where thioacetazone
has been abandoned.
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Figure 46. Sputum conversion among patients receiving isoniazid and para-amino-
salicylic acid compared to isoniazid and ethambutol.*84

Isoniazid plus thioacetazone

In East Africa, a comparison of 12-month regimens was carried out with
iIsoniazid plus thioacetazone throughout, one arm containing streptomycin
during the first two months and another arm without streptonm&inlt

was demonstrated that the two-month supplement of streptomycin con
tributed to a higher cumulative conversion rate (figure 47).
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Figure 47. Effect on culture conversion of adding two months of streptomycin to
a 12-month regimen of isoniazid and thioacetazone.%
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Thioacetazone replaced para-aminosalicylic acid very rapidly through
out English-speaking sub-Saharan Africa because of the better tolerance and
important cost savings.

Isoniazid plus rifampicin

With the introduction of rifampicin, a more rapid conversion was demon
strated when it replaced streptomycin (figure #8).This was, however, not
the main progress made with rifampicin-containing chemotherdpya trial

in France, rifampicin-containing regimens were tested in three different dura
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Figure 48. Effect of replacing streptomycin by rifampicin on culture conversion.*”

tions of chemotherapy: six, nine, and 12 mori#A&S It was demonstrated
that nine months of isoniazid plus rifampicin, supplemented by either €tham
butol or streptomycin during the first three months, was the optimum dura
tion,%2 and the relapse rate during a remarkable mean follow-up time of
101 months with this regimen was only two out of 85 patiéfts.

The use of rifampicin provided curative treatment of less than one
year’'s duration, and the term “short-course chemotherapy” became the brand
name of this new successful strategy.

Isoniazid plus rifampicin plus pyrazinamide (plus a fourth drug)

Despite its remarkable efficacy in experimental mod®&I®¢ pyrazinamide
was not retained in routine chemotherapy because of its hepatotoxicity.

66



Based on evidence that the addition of pyrazinamide hastened sputum con
version, a series of studies was designed by the British Medical Research
Council. In 1970, it was demonstrated for the first time that the inclusion
of rifampicin and pyrazinamide in a regimen of isoniazid and streptomycin
substantially reduced the subsequent risk of reléfse.

A multitude of clinical trials was designed and carried out by the
British Medical Research Council with regimens containing, as a minimum,
isoniazid, rifampicin, and pyrazinamide in the intensive phase, virtually
always supplemented by streptomycin during this pe¥ddTwo studies
in East Africa were critical for future research into this combinato??

In these trials it was observed that regimens containing pyrazinamide but
not rifampicin were almost as effective as those containing rifampicin.
Furthermore, there was later evidence that both drugs given in the regimen
were more effective than one alo#e. These studies laid the basis for
modern treatment.

The consistent finding in these studies was that the four drugs were
optimally given for a two-month intensive phase, followed either by four
months of rifampicin plus isoniazid or six months of a combination of drugs
not containing rifampicin (the continuation phase).

The role of the fourth drug (streptomycin or ethambutol) is unclear as
few studies have evaluated“#,>°° but most likely it has a minor role in
patients with a strain that is fully susceptible at the outsetA recom
mendation to drop the fourth drug in patients with sputum smear-negative
tuberculosis seems to have no evidence bd2atients with paucibacillary
disease may require a shorter duration of treatment (see below); however,
dropping the fourth drug in the intensive phase may not be justified as it
may lead to functional monotherapy with rifampicin in lesions with a low
pH among patients with a strain that is initially resistant to isoniazid (pyraz
inamide not being active in such lesions).

Rifampicin-containing continuation phase

A regimen consisting of a two-month intensive phase with isoniazid,
rifampicin, pyrazinamide, and streptomycin, followed by a four-month con
tinuation phase with isoniazid plus rifampicin, all given daily, was first
evaluated in Singaporg®®2 The high efficacy of this regimen was eon
firmed in the United Kingdom, and was equally effective if streptomycin
was replaced by ethambutdf:51> It has become the standard regimen for
patients with fully susceptible organisms in most industrialized countries.
Shorter durations have been put on tFi&b” but the frequency of relapse
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makes it impossible to reduce the minimum duration of six monts.

the United States, US Public Health Service trial 21 evaluated the same
regimen, but without the supplement of ethambutol or streptomycin (except
for those with a high probability of initial resistance) in the intensive phase
and showed it to be efficaciod®¥:#%1 However, given the possibility of
drug resistance among new cases of tuberculosis in many locations,-the rec
ommendation for a four-drug initial treatment is preferred, at least in areas
where drug resistance is frequent or unknown.the United Kingdom, a
four-drug intensive phase is always recommerfdédThe IUATLD and
WHO also recommend a four-drug intensive phase in new sputum smear-
positive cases of pulmonary tuberculosis and other severe cases ef tuber
culosis where this regimen is being ugédl.

Non-rifampicin-containing continuation phase

Current options for a non-rifampicin-containing continuation phase are iso
niazid plus thioacetazone or isoniazid plus ethambutol.

A four-drug, two-month intensive phase followed by six months of
isoniazid plus thioacetazone has been found to be highly efficacious in East
Africa. 519,520

No critical evaluation of an ethambutol-containing continuation phase
has been carried out extensivelfOne trial in India evaluated the effec
tiveness of a fully unsupervised eight-month regimen with isoniazid and
ethambutol throughout, supplemented by rifampicin and pyrazinamide in the
two-month intensive phasé®2? The entire treatment was self-administered
and compared to a six-month regimen using rifampicin throughout, given
twice-weekly, and at least partially supervisethe results during chemother
apy were encouraging with the eight-month regiméfur per cent had an
unfavorable response during chemotherapy and five per cent relapsed; the
relapse rate was only half that in the directly observed control arms.

Intermittent regimens

To facilitate directly observed therapy, various intermittent regimens have
been studied extensivelz521 In Chennai (formerly Madras), India, all
parameters were superior in patients receiving twice-weekly isoniazid plus
para-aminosalicylic acid, supplemented by streptomycin during the- inten
sive phase, as compared with patients receiving once-weekly isoniazid plus
para-aminosalicylic acid for self-administered treatn®ht.This study rep
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resented a major advance in research aiming at improving adherence with
intermittent regimeng?

The majority of the trials have evaluated six-month regimens, with
rifampicin throughout, each dose given under direct observatiorDenver,
Colorado, USA, for instance, a regimen with daily treatment given for just
the first two weeks, followed by twice weekly adminstration for the remain
der of the course, was highly successtéland similar studies have been
conducted in PolanéP?52

Intermittent regimens have been shown to be as (or almost as} effica
cious as daily regimens, and greatly facilitate direct observation of drug-
intake. A potential problem with intermittent regimens is that errors result
ing from missing one dose may have greater impact than missing a single
dose in a daily regimen.This might be further compounded if the fourth
drug in the intensive phase is omitteth a controlled clinical trial in India
with a twice-weekly regimen, bacteriologic sputum conversion was inferior
if ethambutol was omitted (figure 493 Twice-weekly regimens might
also be inferior even if all drugs are being taken in populations where a
large proportion of patients acetylates isoniazid rapidly, as such patients
generally have inferior results in widely spaced drug administratfon.
Thus, while regimens for both twice-weekly and thrice-weekly application
have been studied, the only intermittent regimens WHO recommends are
thrice-weekly regimeng?
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Figure 49. Effect of adding a fourth drug (ethambutol) during the first two months
to a rifampicin throughout regimen on culture conversion.5?!
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Not all drugs are equally suitable for intermittent usehioacetazone,
for example, is not suitable for intermittent Wse. Furthermore, intermit
tent treatment is indicated only to facilitate directly observed therapy, not
for self-administered treatmentThus, unless a rifampicin-containing eon
tinuation phase is selected, the principal issue is the efficacy of the use of
intermittent therapy during the intensive phase of treatment.

Remarkably little is known about the efficacy of intermittent use dur
ing an intensive phase containing four medications, followed by a self-
administered continuation phase that does not contain rifamp{@oncerns
have been raised that an eight-month regimen with an intermittent inten
sive phase from the outset may be inferior in HIV-infected patf@htslo
facilitate directly observed therapy in national programs, these are critical
issues that need urgent attention.

Treatment regimens of less than six months’ duration

Regimens of four months’ duration (containing rifampicin throughout) for
bacteriologically confirmed pulmonary tuberculosis have been studied in
Singapore, but yielded unacceptably high relapse P&tés.

A regimen of four and a half months duration for bacteriologically
(sputum smear and culture) confirmed pulmonary tuberculosis has been
studied in Agra, Indi&!¢57 In this trial, four drugs (isoniazid, rifampicin,
pyrazinamide, and streptomycin) were given for a total of three months,
followed by one and a half month of isoniazid plus rifampicin, all given
daily. All but one of the 65 patients enrolled were eligible for and fol
lowed up for relapse, and only one patient relapsed during the two-year
follow-up periodst” Despite the seeming efficacy of this four and a half-
month regimen, confirmatory studies have not become available, the regi
men has never been accepted by the medical community, and the credibil
ity of the result of the study was actually challeng&d.

Among patients with repeatedly negative sputum smears, shorter reg
imens have been investigat&d. If the initial culture was negative (but
radiologically the disease was considered to be active) or positive, relapse
rates were three per cent or less with a three-month or a four-month regi
men, respectively?®* However, in routine practice even countries involved
in these trials have abandoned the practice of treating patients with newly
diagnosed (but bacteriologically unconfirmed) pulmonary tuberculosis for
less than six months.

Currently, regimens shorter than six months duration are not recom
mended by WHO for bacteriologically unconfirmed tuberculosfs.prin-
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cipal consideration is the prevailing uncertainty about the quality of-bacte
riologic examinations (sputum smear microscopy) in many national-tuber
culosis programs.

Clinical trials in extrapulmonary tuberculosis

Two forms of extrapulmonary tuberculosis have been studied in well-
designed clinical trials: tuberculosis of peripheral lymph nodes and-tuber
culosis of the spine.The treatment of tuberculosis of the central nervous
system has been subject to numerous investigations, but because of the
small cases in each study, the certainty about the optimum treatment is lim
ited.

Tuberculosis of peripheral lymph nodes

In many populations, tuberculosis of peripheral lymph nodes (particularly
cervical and axillary) is the most frequent extrapulmonary manifestation of
tuberculosis®*® While in the past, in milk-consuming cultures, tubereulo
sis of peripheral lymph nodes may frequently have been cauded bdowis,
particularly in children, it is now almost universally causedMbytuber
culosis®3t it is found in all age groups, but with a predilection for the
young®32533 gand for females$3°

It appears that treatment of lymphatic tuberculosis was long eonsid
ered to be a surgical domain, due to a misunderstanding of it as a local
ized disease process. This concept was demonstrated to be erroneous in a
retrospective study conducted among cases diagnosed between 1965 and
1973 in the United Kingdork3*

A prospective study of the treatment of tuberculosis of peripheral lymph
nodes was carried out in the United Kingdom, comparing two 18-month
regimens, one with isoniazid plus ethambutol, the other with isoniazid plus
rifampicin throughout, and both supplemented by streptomycin during the
first two months?® No difference in treatment results between the two
groups was found.

In a second prospective study, conducted by the British Thoracic Society,
an 18-month regimen was compared with a nine-month regith&f. Both
regimens were based on isoniazid plus rifampicin throughout and supple
mented by ethambutol during a two-month intensive phase.difference
in treatment outcome was identified between the two regimens.
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In a third prospective study in the United Kingdom, various regimens
using isoniazid plus rifampicin throughout were compa@édThe control
regimen was the same as the nine-month regimen in the British Thoracic
Society. One of the experimental regimens had the same duration, but
ethambutol was replaced by pyrazinamidéhe second experimental arm
received the same regimen as the first, but for only six months.dif-
ferences among the three regimens were found.

A review of published materials concludes that a six-month regimen
similar to that used in pulmonary tuberculosis is also adequate for treat
ment of tuberculosis of peripheral lymph nodés.

It was noted in the British trials that tuberculosis of peripheral lymph
nodes does not always appear to respond clinically to treatment, and treat
ment may be declared a failure on clinical groundultures from nodes
that were newly developing during treatment or from abscesses from newly
draining nodes subsequent to treatment completion remained bacteriologi
cally sterile. It has been postulated that the phenomenon is caused by an
immunologic response to tuberculo-protéip.

Tuberculosis of the spine

Tuberculosis of the spine is one of the most important extrapulmonary forms
of tuberculosis both in terms of relative frequency and the substantiat poten
tial of permanent disability. It has been estimated that more than half of
all osteoarticular manifestations of tuberculosis in India affect the Sgjine.

Before the advent of anti-tuberculosis chemotherapy, treatment con
sisted of bed-rest, improvement of the patient’s nutritional status, and, in
some cases, posterior spinal fuskéh.

In the 1950s and early 1960s, two extreme positions marked the diver
gence of opinions about the appropriate approach to the treatment ef tuber
culosis of the spine.In Nigeria, successful treatment with chemotherapy
alone was reporte®f>*2 In Hong Kong, excellent results were reported
with anterior spinal fusioni#-546

It was against this background that the British Medical Research
Council planne&®547548and conducted a series of controlled clinical trials,
resulting in 14 scientific reportg?-562

The trials were conducted in Hong Kong, India, Korea, and Zimbabwe.
All trials evaluated the role of chemotherapy and various operative and non-
operative surgical procedureChemotherapy lasted from six to 18 months
at various points in time.The most recent trial established that a regimen
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of six months’ duration with isoniazid plus rifampicin throughout was as
effective as any other regiméf It was concluded that outpatient
chemotherapy with standard short-course chemotherapy based on isoniazid,
rifampicin, and pyrazinamide should be the main management of uncom
plicated spinal tuberculosis!

It is likely, based on the results of these studies, that a regimen that
is effective for pulmonary tuberculosis should be equally effective for the
treatment of tuberculosis of the spine.

Tuberculosis of the central nervous system

Tuberculous meningitis is the most important central nervous system man
ifestation of tuberculosis.The optimum treatment of tuberculous menin
gitis is not known, and recommendations are based on the pharmacokinetic
properties of the medications and, to a large extent, on inference and com
mon sense.

The blood-brain barrier poses particular problems for the choice of the
right drug combinations as penetration into the cerebrospinal fluid and its
ratio to serum concentrations varies widely among the various anti-tuber
culosis drugs.

The key issue is the extent of plasma binding of the drug, as-proba
bly only the unbound portion penetrates into the central nervous system,
thus explaining the differences between isoniazid and pyrazinamide on one
hand, and rifampicin on the other.

Isoniazid is recognized as a drug with excellent penetration inte cere
brospinal fluid®.563

Rifampicin, in contrast to isoniazid, has very poor penetration inte cere
brospinal fluid3 but seems to appear in higher concentrations at the-begin
ning of treatment, in the phase where the meninges are infleifréd.
However, because tuberculosis is not a localized disease, the use of
rifampicin is beneficial for the treatment of lesions other than those in the
central nervous system that may be simultaneously present.

Pyrazinamide has excellent penetration into cerebrospinal Sid.

Ethambutol penetrates poorly into normal or uninflamed meninges, but
penetrates fairly well into inflamed mening&ss68

Streptomycin penetrates relatively poorly into cerebrospinal fdid.

Among the thioamides, ethionamide has been found to have high pen
etration into cerebrospinal fluig568-570
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Based on these pharmacokinetic properties and other considerations, it
has been recommended that treatment for suspected or confirmed tubercu
lous meningitis should begin with a two-month intensive phase incorporat
ing isoniazid, rifampicin, and pyrazinamide plus streptomy¢in.The optt
mum duration of the continuation phase is not known, but based on limited
information®’2 a continuation phase associating isoniazid and rifampicin for
a duration of at least seven months has been advo®atethis regimen
may pose problems in patients with an isoniazid-resistant strain because of
the unpredictable concentrations of rifampiciWhere available, ethien
amide might provide a less well tolerated alternative in such a>t&se.

Influence of HIV infection on the choice of a regimen

Among tuberculosis patients with HIV infection, two major issues need to
be addressed.

The first concerns theinitial observations made by clinicians when
treating HIV-infected patients with anti-tuberculosis drugs: tolerance of the
medications was poorer than in patients without HIV infection.

A second issue concerns the efficacy of the regimens usualy pre
scribed. Patients with HIV infection may suffer from diarrhea, which may,
through its lowering of drug serum concentrations, adversely compromise
the efficacy of the regimen, favoring the emergence of resistance and sub
sequent relapse.

Adverse drug events

Adverse drug events occur much more frequently among HIV-infected tuber
culosis patients. In particular, cutaneous hypersensitivity reactions are fre
quent. These have mostly been attributable to thioacetazgre;7.574-577
and to a lesser extent to streptomy@ryifampicin,?:5216578gand isoniazid’®

The frequent and sometimes fatal cutaneous adverse drug events among
HIV-infected tuberculosis patients due to thioacetazone preclude its use in
patients known to be HIV-infected? It is best replaced with ethambutol.

An increased frequency of non-cutaneous adverse drug events {hepato
toxicity, gastrointestinal disturbances, thrombocytopenia) to isoRiéze
and rifampicin has been reported:>so

Anti-retroviral therapy poses particular problems because of interac
tions with rifampicin that preclude simultaneous use of the two regimens.
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Treatment efficacy

As enteropathy is a frequent occurrence in HIV-infected patients, anti-tuber
culosis medications might be less well absoriédhus leading to treat
ment failure, relapsé? or acquisition of drug resistané®. Pharmacokinetic
studies among patients with AIDS in various centers in Puerto Rico and
the USA have demonstrated that serum peak concentrations, particularly of
rifampicin and ethambutol, were frequently lower than expegted.
However, malabsorption of anti-tuberculosis medications does not seem to
be a major issue in most HIV-infected patiefitsss

Sputum conversion is rapid, and even faster among HIV-positive than
HIV-negative patients (figure 50%¢ However, concern has been expressed
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Figure 50. Bacteriologic response to chemotherapy among HIV-negative and
-positive patients, by treatment regimen.58
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that the sputum bacillary load may not reflect the underlying number of bacilli
a patient harbors, and thus there might be a need for prolonged tre&fment.

Regimens of six to nine months duration containing rifampicin through
out have been highly efficacious in terms of both low frequency of bacte
riologic failure57¢ and relapsé7988589 Eight-month regimens give accept
able results in the fiel@° In contrast, 12-month regimens that do not
incorporate any rifampicin have shown a high frequency of faitties
and relapse?1.593,594

If antiretroviral therapy is given simultaneously with treatment for
tuberculosis, paradoxical responses have been reported with worsening of
the clinical presentation, assumed to be an immunologic respdngenti-
retroviral drugs such as protease inhibitors (saquinavir, indinavir, ritonavir,
and nelfinadvir) and non-nucleoside reverse transcriptase inhibitors (nevi
rapine, delaviridine, and efavirenz) have substantive interactions with
rifamycins 5% Rifampicin will reduce the blood concentrations of protease
inhibitors. The efficacy of the latter will thus be reduced when concom
mitantly administered with rifampicin. The interaction with nucleoside
reverse transcriptase inhibitors (zidovudine, didanosine, zalcitabine; stavu
dine, and lamivudine) is probably not clinically relevatt.

The US Public Health Service conducted study 22, comparing the effi
cacy of once-weekly isoniazid plus rifapentine with twice-weekly isoniazid
plus rifampicin in a four-month continuation phase following a four-drug,
two-month intensive phas®&” Among 61 patients with concomitant HIV
infection, none experienced treatment failurelowever, three of the 31
patients on the rifampicin-containing continuation phase relapsed, all with
fully susceptible organisms, but five of the 30 patients on the rifapentine
regimen relapsed, four of whom had acquired rifamycin resistance.
Obviously, isoniazid as a companion drug in once-weekly treatment is inad
equate, and patients effectively received rifapentine monotherdjmere
is indeed cause for concern that, by analogy, HIV-infected patients with
initial isoniazid resistance may acquire unnoticed (no apparent failure dur
ing treatment) rifampicin resistance if treated with this drug in the contin
uation phaseé? Nevertheless, the reasons for acquisition of rifamycin-resis
tance in this study have not yet been fully elucidated, and there are
indications that it is attributable to an inadequate dosage of rifapentine.

Relapse following cessation of chemotherapy appears to be mere fre
quent among HIV-infected compared to HIV-non-infected individG&®?
and post-treatment preventive chemotherapy with isoniazid appears to reduce
that risk59°
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Influence of isoniazid resistance on the choice
of a regimen

Isoniazid is a key drug in the treatment of tuberculosis and its inclusion in
every first-line regimen is the standard of carre-existing initial resis
tance to isoniazid might be conducive to the development of additional
resistance, particularly if treatment organization is poor, as the data from
the WHO/IUATLD global surveillance project on drug resistance seem to
suggest (figure 5139

Patients with initial isoniazid resistance who are given a four-drug
intensive phase for two months, followed by isoniazid and thioacetazone
in the continuation phase, fail more frequently than patients with fully sus
ceptible organism§g9601 Such patients can be re-treated effectively with
a regimen containing rifampicin plus ethambutol throughout, supplemented
by pyrazinamide during the first three months, and additionally by-strep
tomycin during the first two monthst3.602-604

It is not very well known how effective such a re-treatment regimen
is if there is additional ethambutol resistanc&he extent to which such
functional rifampicin monotherapy in the continuation phase of the re-treat
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ment regimen is efficacious and not causing drug resistance in HIV-infected
patients remains to be se®A.

Influence of isoniazid plus rifampicin resistance
on the choice of a regimen

Patients with multidrug-resistant tuberculosis (bacilli resistant to at least iso
niazid and rifampicin) are only rarely expected to be cured solely using the
six essential drugs.Under program conditions treatment outcome with the
standard WHO recommended re-treatment regimen is poor if there-s mul
tidrug resistancé? Barring spontaneous remission, such patients are-incur
able and frequently become chronic excretors of bacilli in countries where
only the essential drugs are available for use.

Drugs other than the six essential drugs are of lower efficacy, much
more costly, and in the majority of cases, much less well tolefg&d.
It is also not yet known which treatment strategy is beBtoposals for
treating multidrug-resistant tuberculosis include the utilization of a standard
regimen or an individualized approach based on susceptibility te8ting.
There have been no randomized controlled clinical trials to evaluate these
regimens and insufficient experience has been accumulated to make firm
recommendations at this point in time.

Strategic considerations, indications,
and recommendations for the choice of treatment
regimens in a national tuberculosis control program

The number of possible errors can be minimized by the systematic, coun
try-wide use of standard regimen®2ecommended standard treatment reg
imens are based on clinical efficacy trials in terms of dosage, mode of
administration, and duration of treatmenDeviations from standard treat
ment regimens are indicated only in the case of adverse drug events, for
patients presenting with pre-existing medical conditions that require a mod
ification of the regimen, or in the presence of suspected or confirmed resis
tance to one or more drugs.

Both WHO and the IUATLD recommend standard treatment regimens
which vary according to the category of the patiénthe three categories
are®
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» Patients with sputum smear-positive tuberculosis or severe extrapul
monary tuberculosis never treated before for as much as one month;

» Patients with other forms of tuberculosis (sputum smear-negative and
extrapulmonary) never treated before for as much as one month;

* Patients with sputum smear-positive tuberculosis treated previously for
one month or more (return after treatment failure, return after default,
and relapse).

No specific recommendations have been made on how to deal with patients
with continued bacteriologically active disease following a full re-treatment
course (chronic excretors).

A primary objective of any tuberculosis control program must be to
limit to the largest possible extent the emergence of organisms resistant to
the available medicationsThis is a guiding principle for any chemother
apy, but it is particularly crucial in tuberculosis control, because the-arma
mentarium of drugs is limited and the prospects in the near future for new,
affordable drugs with an efficacy comparable to that of isoniazid, rifampicin
or pyrazinamide are slim for most low-income countries.

Choice of first-line regimen

First-line regimens of six to eight months duration are the most efficacious
available. All are based on a four-drug initial intensive phasé/hether

a four-month (with rifampicin) or a six-month continuation phase (without
rifampicin) is selected depends on the availability of resources for drugs
and personnel, and considerations about the fall-back (re-treatment) regi
men, particularly in the case of treatment failuréwelve-month regimens
(without rifampicin) have been widely used for bacteriologically uncon
firmed disease, but their efficacy in HIV-infected patients appears to be
inferior to the shorter, but more intensive alternatives.

The continuation phase in the eight-month regimen consists of six
months of isoniazid plus thioacetazond frequently chosen alternative to
thioacetazone is ethambutolThis change potentially weakens the re-treat
ment regimen (functional rifampicin monotherapy in the continuation
phase). This increases the risk of development of multidrug resistance.
The IUATLD therefore recommends the addition of pyrazinamide through
out the re-treatment regimé&rvhen ethambutol has been used in the- con
tinuation phase of initial treatment.
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Many countries have moved towards a first-line regimen which con
tains rifampicin throughout.Patients truly failing on such a regimen have
a high probability of initial multidrug resistance (or initial isoniazid resis
tance and acquired rifampicin resistancelhe re-treatment regimen rec
ommended by the IUATLD and WHO is highly unlikely to cure such a
patient, and additionally carries the risk of acquisition of ethambutol resis
tance. It is not clear whether re-treatment incorporating both ethambutol
and pyrazinamide in the continuation phase will overcome this problem.
Given the relative weakness of these two drugs, there is a risk of losing
both. This has been termed the “amplifier effect” (a new term for an old
phenomenon, successive acquisition of additional drug resistance) and has
been observed to occur in an outbreak in urban Peft. It has not been
observed in other settings where a non-rifampicin-containing continuation
phase is routine in the first-line regimé&a.

8-month regimens

The eight-month regimen evaluated in East Africa (a directly observed four-
drug, two-month intensive phase followed by six months of self-adminis
tered isoniazid plus thioacetazone) has become the principal treatment reg
imen for previously untreated smear-positive pulmonary tuberculosis in
IUATLD collaborative program&8% Programs basing their chemotherapy
on this regimen are using a highly cost-effective interverfiidn.

Replacement of streptomycin by ethambutol in the intensive phase did
not adversely affect adherence to directly observed therapy in a study con
ducted in large urban settings in Tanzaffaand gave similar treatment
outcome under routine conditions in Madagascar, although the proportion
of failures was somewhat higher than in the streptomycin giupt also
yielded good results in Benfii®

It is likely that replacement of thioacetazone by ethambutol is equally
effective, as demonstrated in a clinical trial in India in a patient population
with a low prevalence of HIV infectioP?522 When thioacetazone cannot
be used because of a high prevalence of HIV infection, its replacement by
ethambutol is therefore often recommended.

6-month regimens

The shortest treatment regimen of proven efficacy for bacteriologically con
firmed tuberculosis consists of six months of isoniazid plus rifampicinr, sup
plemented by pyrazinamide plus either streptomycin or ethambutol during
the first two months. This has been convincingly demonstrated where all
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medications were taken daily throughout the course of treatifenin
Poland, a study with this regimen, with the continuation phase given twice
weekly, led to neither failures nor relapsés. Similar good results were
obtained with the same regimen in Singapore, with the continuation given
thrice weekly$7

Most industrialized countries have adopted this regimen, given daily
in the intensive phase and daily or intermittent in the continuation phase,
as their regimen of choice for patients without a history of prior treatment.

12-month regimens

The best documented 12-month regimen currently used in low-income coun
tries consists of 12 months of isoniazid plus thioacetazone, supplemented
by streptomycin during the first two montks. This regimen has been
widely used in IUATLD collaborative programs in patients without a prior
history of treatment. Amongst these, it is given for cases with positive
sputum smears who cannot receive a directly observed rifampicin-contain
ing intensive phase and for the majority of patients whose sputum smears
are negative or who have extrapulmonary tuberculosis which is not life-
threatening.

In Uganda, the frequency of adverse drug events and survival as the
main outcomes of interest were compared for the above 12-month regimen
and a nine-month, rifampicin-throughout regimen (supplemented by pyrazi
namide during the first two months) among HIV-infected pati@gtsAs ex
pected, adverse drug events were much more common in the former than the
latter regimen, but survival over a two-year follow-up period was identical.

In Malawi, HIV-infected patients with sputum smear-negative tuber
culosis who were treated with a 12-month regimen (12 months of isoniazid
plus thioacetazone or ethambutol, supplemented with streptomycin during
the first month), had a very high relapse rate approaching 20% (compared
to seven per cent among HIV-negative patieffs).These findings criti
cally challenge the continued use of such a regimen in countries where the
prevalence of HIV infection among tuberculosis patients is high.

Choice of re-treatment regimen

Treatment regimens for a national tuberculosis control program should be
designed to allow curative treatment of patients requiring a re-treatment
regimen, because it is the patient’s last chance to get curbd. need for

a re-treatment regimen is based on the increased probability of resistance
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to the medications used in patients who have received prior treatriigat.

this is the case has been amply demonstrédtedAn efficacious re-treat

ment regimen must encompass at all times, throughout treatment, at least
two drugs to which the organism is still likely to be susceptibBountries

which do not have access to medications other than the six essential drugs
for patients who might require them must choose a re-treatment regimen
based on these six drugs.

Because isoniazid is always given in the first-line regimen, a patient
failing to respond to the treatment regimen will have a high probability of
already having isoniazid resistance at the outset of treatmBoatadhere
to the principle of a re-treatment regimen incorporating at least two effi
cacious drugs, neither rifampicin nor ethambutol should have been used as
the sole companion drug with isoniazid at the point of failure (defined as
sputum smear-positive at five months or later), if either of these drugs is
to be effective in a re-treatment regimefheir use as a sole companion
drug with isoniazid constitutes functional monotherapy in such a patient
and presents a risk that resistance will have developed to the companion
drug (in this case, either rifampicin or ethambutolJhis has been the
rationale behind the recommendation of the IUATLD to utilize isoniazid
plus thioacetazone in the continuation phasghould bacilli resistant to
thioacetazone emerge, re-treatment is still likely to be successful.

This re-treatment regimen proposed by WHO and the IUATLD con
sists of eight months of isoniazid, rifampicin, and ethambutol, supplemented
by pyrazinamide during the first three, and streptomycin during the first
two months. This regimen uses the full range of available drugs except
thioacetazone.Such a regimen has a high probability of curing any patient
who does not commence treatment with organisms already resistant to both
isoniazid and rifampicin. Patients with multidrug-resistant strains have,
after taking the re-treatment regimen, an outcome that is not appreciably
better than reported outcomes in the pre-chemotherap$era.

Treatment of patients with organisms resistant to isoniazid
and rifampicin

Patients who fail on directly observed treatment containing isoniazid and
rifampicin throughout, i.e., patients failing on a six-month first-line -regi
men or the above-mentioned eight-month re-treatment regimen, are more
likely to harbor organisms resistant to both isoniazid and rifampicin- (mul
tidrug-resistant organisms)ln most low-income countries such patients are
designated “chronic excretors” whose fate has to be left to the natural course
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of the disease, as alternative drugs (other than the six essential drugs) are
not usually available in sufficient quantity.

The emergence of multidrug-resistant tuberculosis has been documented
in an increasing number of countries and has, in some countries, reached
levels that seriously threaten tuberculosis corf#gi?

The WHO has addressed this issue in both a formal publiééfiamd
workshop proceeding®s.609

Curative treatment of multidrug-resistant tuberculosis poses a- multi
tude of problems. Amongst these are:

» the high cost of the necessary drugs (currently up to 100 times as
expensive per course as a first-line regim@n);

* the relative weak activity of most of these drugs agdihstubercu
losis

» the high frequency of adverse reactions requiring specialist expertise;
» the prolonged duration (21 months has been proposed as a mintfhum);

+ the logistic difficulties anticipated in implementing such regimens in a
national tuberculosis program;

» difficulties in implementing standardized laboratory facilities to- cor
rectly identify susceptibility pattern@s

* gaps in knowledge as to what approach to treatment (individualized or
standardized) is most appropri&té.

As there is an increasing demand to utilize such alternative medications,
and technical knowledge is generally poor about their proper usage in most
countries where the problem has emerged or is emerging, the danger of
uncontrolled usage is greatResistance to these drugs is likely to emerge
quickly in unprepared setting®> It is hoped that the agenda set forth by
WHO®%%8 will generate sufficient information in an ordered and timely fash
lon and appropriate technical expertise will accompany implementation of
any such project to ensure continued curability of tuberculosis in such set
tings. Unfortunately, multidrug-resistant tuberculosis has emerged precisely
in areas of the world that have demonstrated poor tuberculosis control in
the first place, and whether a deterioration of the situation in such settings
can be prevented with the introduction of drugs potentially able to cure
multidrug-resistant tuberculosis remains to be seen.
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Case holding

Prescription of an adequate course of treatment is not sufficient; it must be
ensured that the prescribed medications are also actually taken until the
successful, curative completion of therapy.

Directly observed therapy

Ensuring regularity of treatment is the key to timely completion of therapy
and the prevention of acquisition of drug resistandéde problems with
self-administered chemotherapy in ensuring regular adherence have long
been recognize@? and to ascertain the efficacy of regimens in clinical tri
als, direct observation of drug intake during part or the entire course of
treatment has thus been standard in many investigétidns.

Directly observed therapy refers to treatment where a qualified person
(usually, but not alway&®¢ a health care worker) ensures that the prescribed
medications are taken by observing the patient ingesting #erdirectly
observed ambulatory therapy has its evidence base in studies in Chennai
(formerly Madras) and Hong Kongé and the recognition of the need for
alternatives to costly hospitalization.

Directly observed therapy might be conceived of as a coercive-proce
dure, but it may also help to strengthen the relationship between patient
and health care worké?? If this does not occur, then directly observed
therapy may not achieve an increase in the proportion of patients com
pleting therapy?3°

The major effects of directly observed therapy that might be expected
are a reduction in the risk of acquiring drug resistance and in the frequency
of relapse following completion of chemotherapy, as convincingly demon
strated in a study in the United States (figure 82).

Can emergence of drug resistance be outpaced
in a national tuberculosis program?

Strains resistant to isoniazid should have a comparative advantage, as patients
harboring such a strain will, on average, be transmitters for a longer period
of time than patients with a fully susceptible straifihus, one would expect

an increase in the prevalence of primary resistance to isoniaii is,
however, not the case in well-managed progré#: Some studiesug
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in time of introduction of universal directly observed therapy. Reproduced from®!
by the permission of the publisher Massachusetts Medical Society.

gest that the transmissibility is the same for isoniazid-susceptible and iso
niazid-resistant strain®263 while others indicate that transmissibility of
isoniazid-resistant strains is reducgdthus the question of transmissibil

ity has not been fully resolvedHowever, strains which are resistant because
of katG gene deletion have lower virulence in experimental animal-mod
els,836.637 while mutation of theinhA gene has no effect on virulené®.
Thus, a fraction of isoniazid-resistant strains may have a comparative selec
tion disadvantage.In an effective tuberculosis program with a directly
observed intensive phase utilizing the four most potent drugs, followed by
a self-administered, non-rifampicin-containing continuation phase, no sig
nificant multidrug resistance (resistance to at least isoniazid and rifampicin)
has emerged over 12 years of us&je.This could indicate that a quali
tatively good program may outpace the rate of emergence of drug resis
tance. However, a study from The Netherlands indicates that some spe
cific mutations of thekatG gene lead to high-level resistance and as great
a probability of producing secondary cases as isoniazid-susceptible $¥ains.
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Strains resistant to isoniazid alone can virtually always be killed when
regimens containing both rifampicin and pyrazinamide are used and
rifampicin is given throughout®® The introduction of the short-course teg
imens in countries such as Algeria and Korea was accompanied by a clear
decline in resistance to isoniazid and chronic excretors for this ré&gén.
However, in the case of Algeria, the introduction of short-course regimens
was associated with the appearance of and slow increase in cases with mul
tidrug resistance among previously treated patients, possibly related to the
fact that directly-observed treatment was not the poli€he rate of decline
in cases of tuberculosis (and particularly of re-treatment cases) in that com
munity was greater than the rate of appearance of multidrug resistance, thus
outpacing the drug resistancedowever, if this community had experi
enced a rise in the numbers of cases, rather than a decline (as would have
occurred if the community was affected heavily by HIV infection), this
might not have been the case.

This is one of the main reasons why the IUATLD has preserved a
very conservative policy with respect to treatment regimens, in order to
preserve the usefulness of rifampicin as an efficacious agent in the overall
scheme of treatment policy.

The approach to management of adverse drug events

The major clinical presentations of adverse drug events that may occur in
a patient treated with the essential drugs and the approach to managing
them will be discussed hereAdverse drug events from second-line drugs
should always be dealt with by a specialist in the fielthe discussion is
limited to the major clinical syndromes occurring in the routine manage
ment of tuberculosis in clinical practice.

In any patient who takes prolonged treatment, episodes of ill health
may occur which may be ascribed by the patient or the health care provider
to adverse effects of the treatment given. This is not necessarily the case.
In the large clinical trials of preventive chemotherapy carried out by the
US Public Health Service among household contacts of tuberculosis patients,
one group of patients was assigned to the treatment arm and another to a
placebo in which identical tablets were given which contained no active
medication®! Neither the patient nor the care provider knew the type of
pills that individual patients were takingThe events that occurred during
treatment were thus observed without knowledge of the treatmient
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number of cases, the health care provider, based on the assumption that the
treatment was causing adverse drug events, discontinued the treatment.

When the code indicating what the patient was taking was broken and
the results analyzed, it became apparent that 20% of all episodes- consid
ered to have been adverse drug events to the “medication” were, in fact,
“placebo” effects®#! This indicates that the “adverse events” were, indeed,
intercurrent illnesses or events unrelated to the treatment itself, although
they had every appearance of having been due to the medications.

This has important implications for the evaluation of “adverse events”
in patients on treatment for tuberculosi$. one or other of the essential
medications used in the treatment of tuberculosis (such as isoniazid or
rifampicin) is stopped due to what is (incorrectly) perceived as an adverse
drug event, the outcome of the treatment can be seriously affected.
Discontinuation of an essential medication in the treatment of a tuberculo
sis patient for what is perceived as an adverse drug event must be care
fully considered and correctly undertaken if the patient's chances eof suc
cessful treatment are not to be seriously affected.

The patient with hepatitis

Clinical hepatitis is to be suspected in a patient presenting with a syndrome
of malaise, nausea, vomiting, anorexia, fever, abdominal pain, hepatomegaly,
jaundice or dark uriné#

Hepatic disease during anti-tuberculosis chemotherapy is not-neces
sarily caused by the drugs, but may be attributable to other causes, such
as alcohol abuse, cirrhosis, infectious hepatitis or indeed the tuberculosis
itself. Nevertheless, appropriate management of the patient requires an
approach as if one or more of the drugs were responsible.

The key suspect drugs are isoniazid, pyrazinamide, and rifampicin, if
the patient is on any of thesdn that case, such as in the intensive phase
of chemotherapy, all three drugs should be stopped immediately if the symp
toms are severe and/or if there is jaundiCehe patient should temporarily
be placed on ethambutol plus streptomycin in such a cases combi
nation is unlikely to be hepatotoxic and, while a relatively weak combina
tion, still ensures temporary adequate treatment without a high risk of-emerg
ing drug resistance.ln the presence of malaise and nausea only (without
jaundice), rifampicin might in addition be kept in the regimen as it is rarely
a cause of hepatitis.
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The patient is maintained on these two drugs until the acute symptoms
subside, which usually occurs within one or two weeks.

Isoniazid might then be added in a dosage of 50 mg per tfathere
is no clinical deterioration, the dose of isoniazid may then be increased to
100 mg on day 4, to 200 mg on day 7 and to the full dose on d&$? 14.
Following the patient for another seven days, rifampicin might then be rein
troduced, and if well tolerated, pyrazinamide might finally be added if
rifampicin plus isoniazid has been well tolerated for seven days, and if it
has been given for less than two months prior to the onset of hepatitis.
This schedule can be expected to be successful in over 90% off€ases.

Some clinicians prefer to re-introduce isoniazid at the full dose when
liver enzymes (where available) have normalized, or if liver enzyme tests
are not available after two weeks (Schraufnagel DE, personal written com
munication, April 3, 2001; O’'Brien RJ, personal written communication,
April 19, 2001).

The patient with gastrointestinal symptoms

Gastrointestinal symptoms such as nausea, pain and vomiting might-be pro
dromal symptoms of hepatitis, and close clinical observation is mandatory.
In addition to isoniazid, rifampicin, and pyrazinamide, thioacetazone fre
quently causes gastrointestinal symptomis. a patient on isoniazid and
thioacetazone, the latter is probably the cauSeich reactions can often

be dealt with easily by taking the medications with a meal or before going
to bed. Monitoring of the response is importantf the symptoms do not
subside, the isoniazid plus thioacetazone combination should be replaced
by isoniazid plus ethambutol.Should the symptoms persist despite the
change, isoniazid and the possibility of liver toxicity must be suspected and
the patient be placed on streptomycin plus ethambutol until symptoms sub
side. Isoniazid might be re-introduced subsequently, as described above.

The patient with impaired vision

The most frequent drug-related cause of impaired vision among the med
ications used for treating tuberculosis is ethambut©@bptic toxicity is not
detectable fundoscopically.If ethambutol is suspected, it must be with
drawn immediately and never be given agaif.the event occurs in the
intensive phase where ethambutol is given as a fourth companion drug, no
replacement is necessary (although streptomycin might be used if deemed
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necessary). If the event occurs in the continuation phase when the patient
is on isoniazid plus ethambutol, the latter should be replaced by thioaceta
zone or rifampicin.

The patient with vestibulo-cochlear toxicity

Vestibulo-cochlear toxicity is virtually always due to streptomyci.is

often, but not always, dose-dependenthus, it should first be checked
whether the dosage given is appropriate to weight and age (toxicity increases
with both). If the dose cannot be reduced or if dose reduction fails to
improve the symptomatology, streptomycin should be stopped and not be
given again (unless the drug resistance pattern makes its use imperative).
As streptomycin is usually given only in the intensive phase as a fourth
companion drug, it can be stopped without replacemesireptomycin
should never be given to pregnant women because of the potential risk of
causing deafness in the unborn child.

The patient with neurologic symptoms

A distinction should be made between peripheral and central nervous sys
tem toxicity from anti-tuberculosis medications.

Peripheral neuropathy, presenting as paresthesia, such as tingling and
numbness, starting at the feet with proximal spread is the usual manifesta
tion.“%® Myalgias, weakness, and ataxia may accompany these symptoms.
Peripheral neuropathy is usually due to isoniazid, is rare and occurs usu
ally only in malnourished or alcohol-dependent patienByridoxine is
effective in treating this condition, but the dosage for treatment should not
exceed 50 mg per day, as there might be antagonism with isoAfazid,
although the clinical relevance of this antagonism is not clear.

Infrequently, toxic psychosis and epileptic convulsions may occur with
isoniazid, and very rarely, in patients with signs of malnutrition or malab
sorption, a pellagroid syndrome (with dermatitis, diarrhea, and dementia)
has been reportedPyridoxine is usually effective for treating such cases.

The patient with hypersensitivity reactions
or muco-cutaneous signs and symptoms of toxicity

Cutaneous adverse drug events, ranging from pruritus, to rashes, and most
severely to toxic epidermal necrolysis, sometimes accompanied by fever,
may be caused by thioacetazone, isoniazid, rifampicin, streptomycin, or
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pyrazinamide. Cutaneous adverse drug events are much more frequent
among patients with HIV infection than among non-HIV-infected patients.
If the patient is on thioacetazone, it is by far the most likely cause.
should be stopped immediately, and never be given again.

In all instances of rash with or without fever, all drugs should be
stopped. When the symptoms subside, usually within a day or two, the
drug least likely to be the cause should be re-introduced in a test dose.
This drug is usually isoniazid and is given at a dose of 150 mhghe
patient was hypersensitive to isoniazid, a rise in temperature, pruritus, or
rash will develop within two to three hout¥. If there is no reaction to
the test dose, the next test dose might be tri€ver the following days,
the full dose is gradually introducedSubsequently, rifampicin might be
similarly re-introduced, starting with a test dose of 75 mg (or less), and so
on. Under strict observation, it might be possible to desensitize with
rifampicin much more rapidly, i.e., within two da§s. If there is pruri
tus or rash only, desensitization to isoniazid might not be necessary, as
symptoms often subside spontaneously.

Very often desensitization is successful, and the full range of medica
tions can be reintroduced within one to two weeksshould be reiterated
that such desensitization should never be attempted with thioacetazone.

The patient with hematologic abnormalities

Blood dyscrasias comprise only 10% of the total number of drug-induced
adverse events but account for approximately 40% of fatal reactions related
to drug administratiod® They occur with all six essential anti-tuberculo
sis medications. In symptomatic patients, the offending drug should be
withdrawn and never be given again.

Relative leukopenia and hemolytic anemia due to isoniazid require per
manent withdrawal of the drug and often treatment with corticosteroids to
reverse hemolysis.Sideroblastic anemia due to isoniazid is usually respon
sive to treatment with pyridoxineRarely, other neutropenia, eosinophilia,
and thrombocytopenia may occur, which will respond to withdrawal ef iso
niazid. Similarly, the rare pure red cell aplasia responds to withdrawal of
isoniazid. Complete recovery from agranulocytosis usually occurs fellow
ing withdrawal of isoniazid.

With the exception of thioacetazone, blood dyscrasias due to ant-tuber
culosis drugs are rare eventst is probably exceedingly difficult to iden
tify the offending drug in the field.
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The patient with acute renal toxicity

Acute renal toxicity may be the result of a hemolytic anemia, glomeru
lonephritis and interstitial nephritis.The most likely cause of this rare
adverse drug event is rifampicinThe drug should be withdrawn and never
be given again. If renal insufficiency has developed, the dosages of etham
butol and streptomycin must be reduced according to the remaining func
tion as these drugs are almost entirely excreted through the kidneys.

The patient with osteo-articular pain

Arthralgia is a frequent adverse drug event resulting from accumulation of
uric acid due to pyrazinamideln many instances, the dosage of pyazi
namide is higher than that recommended in patients who have sueh reac
tions and, if so, should be reduced to within the recommended lintits.
often occurs towards the end of the intensive phase, when pyrazinamide
can be withdrawn without replacemenAlternatively, acetyl salicylic acid
commonly alleviates the symptomdntermittent administration of pyrazi
namide will also reduce the effect of uric acid retentiollopurinol is
ineffective.

The approach to the patient
with pre-existing medical conditions

Patients may present not only with tuberculosis but also other medical con
ditions that require modifications of the standard treatmentthis chap

ter, some of the major medical conditions that require such adjustments are
discussed.

The patient with liver injury

Patients with mild and clinically unrecognizable liver injury, including those
who abuse alcohol, may be treated with the standard treatment, which needs
to be adjusted only if clinical signs of hepatitis occur as discussed in the
previous chapter.

Patients presenting with clinical signs of hepatitis should not be given
the drugs with the greatest potential for hepatotoxic reactidimese include
Isoniazid, rifampicin, and pyrazinamideSuch a patient might be treated
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with ethambutol plus streptomycin until the acute signs of hepatitis sub
side. Subsequently, isoniazid and / or rifampicin might be re-introduced
under close observationDepending on the feasibility of introducing the
latter, treatment duration will need to be adjustdd.neither rifampicin

nor isoniazid can be given, treatment should probably be given for
18 months. The continuation phase with streptomycin and ethambutol
should not be given more frequently than three times per week to reduce
the cumulative toxicity of streptomycin.

The patient with renal failure

Streptomycin and ethambutol are excreted mainly through the kidneys and
are thus safe only if appropriate dose adjustments can be made in patients
with renal insufficiency. This is not usually possible without access to
monitoring of blood levels or measurement of creatinine clearance; a ser
vice not usually available in low-income countrieSuch a patient is thus

best treated with isoniazid, rifampicin, and pyrazinamide in the intensive
phase. In the continuation phase, isoniazid plus thioacetazone or isoniazid
plus rifampicin can be given.Treatment duration is not affected.

The patient with impaired hearing or impaired balance

Patients with pre-existing vestibulo-cochlear impairment should not be given
streptomycin. Streptomycin may be replaced by ethambutol.

The patient with impaired vision

Patients with impaired vision other than due to myopia, hyperopia or pres
byopia, should not be given ethambutdEthambutol may be replaced by
streptomycin in such cases.

The patient with gastrointestinal malabsorption

Patients recognized or suspected to have gastrointestinal malabsorption may
pose serious problems for adequate chemotherapy, as shown in a study on
risk factors for acquisition of rifampicin monoresistarite. On the other

hand, a study among HIV-infected patients in Nairobi has not demonstrated
important differences in pharmacokinetic profiles of isoniazid, rifampicin,
and ethambutol between patients with and patients without HIV infection,

92



and no association with diarrh&d. Similarly, studies in South Africa have
shown that malabsorption in asymptomatic HIV-infected patients is not a
major issue and no important pharmacokinetic differences have been seen
in a series of AIDS patients> Thus, malabsorption of anti-tuberculosis
medications in HIV-infected patients may not be that serious a problem.
Nevertheless, it is probably reasonable to always include the parenteral
streptomycin in patients suspected of having malabsorption.

The pregnant patient

Pregnant women with tuberculosis do not pose particular problems for treat
ment. Dose adjustment is probably indicated with increasing body weight
as the volume of distribution increaseBecause of the potential of
vestibulo-cochlear toxicity to the fetus, streptomycin should not be given
in pregnancy. Isoniazid, rifampicin, ethambutol, pyrazinamide, and thioac
etazone are safe in pregnancy, and are not reported to have teratogenic or
other adverse effects on the fetus.

Second-line drugs that should be avoided in pregnancy include other
aminoglycosides, polypeptides, thioamides, and quinolones.
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2. Prophylactic treatment

In this monograph, prophylactic treatment is defined as treatment 1o pre
vent acquisition of infection withM. tuberculosisin a person exposed to
tubercle bacilli. Its aim is to minimize the risk of acquiring latent infec
tion.

Little evidence is available to document the efficacy of such prophy
lactic treatment. The little that is known is summarized here.

Rationale and experiences
with prophylactic treatment

In the early 1950s, Zorini reported experiments with prophylactic treatment
in guinea pigs, using various dosages of isoni&ziét¢ Briefly, guinea

pigs were given isoniazid or placebo in their drinking water for one month

and then challenged with an endoperitoneal injectioiMofuberculosis

The results were unequivocal in that a considerably larger proportion of
placebo-treated animals developed tuberculosis in comparison to those receiv
ing isoniazid.

Among humans, the effect of isoniazid compared to placebo i pre
venting tuberculin skin test conversion has been ascertained within the con
text of clinical trials on preventive chemothergdy. A tuberculin skin test
was given before random allocation to either isoniazid or placebo for one
year. At the end of treatment, the rate of conversion among persons who
were initially tuberculin skin test negative was compared in the two groups.
These four US Public Health Service studies were conducted among vari
ous groups of patients (patients in a mental institution, contacts of known
cases, school children, and contacts of newly diagnosed tuberculosis
patients). The protection afforded against conversion from a negative to a
positive tuberculin skin test after one year of treatment with isoniazid in
these studies is summarized in figure®33. It shows that the confidence
intervals are wide (small numbers eligible for assessment), and thus that
the extent of protection is uncertain.
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Figure 53. Protection from prophylactic treatment in the prevention of acquisition
of tuberculous infection in four clinical trials conducted by the US Public Health
Service.t

Indications and recommendations for the use
of prophylactic treatment

Prophylactic treatment is, for all practical purposes, rarely indicaEgen

if the evidence is scant, however, it makes sense to provide it to-a new
born child with a potentially infectious parent, especially the mothiis

is recommended in industrialized countri&sput should most likely be a
universal indication.

It is not clear what the appropriate duration of prophylactic treatment
should be. It is probably indicated, however, to continue it for perhaps up
to three months after relevant exposure has ended.

Children under the age of five years are also at high risk of acquir
ing tuberculous infection from a person with sputum smear-positive-tuber
culosis living in the same household and, if they become infected, are at
high risk of progression to clinically manifest tuberculosishe IUATLD
has thus recommended systematic treatment with isoniazid of asymptomatic
children in such a situatioh. Some of these children will not yet have
been infected (the infected being the primary target group) and will thus
receive true prophylactic treatment.
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3. Vaccination

Early vaccine development

Vaccination with Mycobacterium tuberculosis

Early in the twentieth century, von Behring attempted vaccination (or as
he called it, “Jennerization”) of cattle by utilizing increasing doses ef liv
ing M. tuberculosis®*"64¢  Similar to these attempts, Webb in the United
States tried to make experimental animals resistant to re-challenge with
increasing doses of viruleM. tuberculosis and a few children were also
“vaccinated” with this approach, apparently with no adverse outééime.
While this approach seemed indeed to provide some protection against a
subsequent challenge in cattle and other experimental animals compared to
controls, protection was incomplete in the case of von Behring's “bovo-
vaccination” and in the guinea pigFurthermore, with “Jennerization” in
cattle there was the potential that the microorganism would appear in
milk. ¢ Theobald Smith also pointed out that the unknown duration of
the incubation period carried great dangers, even if the immediate effect
seemed to be innocuo@®. This approach was therefore only short-lived.
However, more recently, the idea of attenuatMgtuberculosisand
using such an attenuated strain as a vaccine has been picked up again, and
it is expected that the vaccine properties of such mutants will be tested at
least experimentally in the near futuf.

Vaccination with Mycobacterium chelonae

Early in the twentieth century, Friedmann proposed vaccinationMitthe

lonag a mycobacterium recovered from the tuffe. Because the argu
ment of vaccination was largely based on the hypothesis that persons ill
with tuberculosis could develop increased resistance in suppressing pro
gression from morbidity to death, this method was mainly used in the treat
ment of clinically manifest tuberculos$s® There was probably no effect

at all if judged by current standard€Only a very small study was pub
lished reporting the results ®f. chelonaevaccination in children exposed

to tuberculosis but without clinical signs of the dise&$eThe study was
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too small to allow a meaningful interpretation of the efficacy of this vac
cination. The method never gained much attention beyond Germany, and
fell into oblivion as vaccination with BCG drew increasing attention in the
immediately succeeding years.

Vaccination with BCG

Vaccine development

A virulent strain ofM. bovis isolated by Nocard in 1902, from milk obtained
from a cow with tuberculous mastit/8 was inoculated for the first time

on January 8, 1908, by Albert Calmette (1863-1933) and Camille Guérin
(1872-1961%% at the Pasteur Institute in Lille, Frarfeonto a medium
consisting of cooked potato and glycerinated bile.

The strain, to become known as Bacille Calmette-Guérin (BCG), was
sub-cultured in 230 passages on bile potato medium until 1921 when it no
longer changed its characteristics.

After thirty passages the strain ceased to kill guinea pigs; after sixty
it was still slightly virulent for rabbits and horses, but avirulent for guinea-
pigs, monkeys, and calvé®. From 1912 onwards, experiments were-con
ducted among calves, demonstrating their resistance to subsequent infection
with virulent bacilli.®>> It may be noted that the main objective in the
development of this vaccine was to obtain an effective vaccine against tuber
culosis in goat%$® and cattles86% |t is now clear that it was not the glyc
erinated bile medium that was the reason for the loss of viruRéee.

By sub-culturing four bovine strains on Calmette’s bile-potato medium over
six years, Griffith failed to reproduce Calmette’s finding and to induce sta
ble attenuatiorfs? The reasons for the loss of virulenceMfbovisBCG
remain unclear until today.

On July 1, 1921, Weill-Hallé, a pediatrician, requested the vaccine for
use in an infant born to a mother who had died of tuberculosis shortly after
delivery. The child was to be brought up by a grandmother who was her
self suffering from tuberculosi®?® The child was given 6 mg of BCG
orally and developed normally over the next six months without any sign
of iliness, either from the vaccine or from tuberculdsig®® Over the next
three years, 317 infants (67 of whom were born into, and brought up by
families with tuberculosis patients) were vaccinated with 30 mg oral BCG
vaccine, given in three portions at 48-hour intervals.
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Following these early experiments in humans, BCG was distributed to
a large number of laboratories, largely in Europe, and given to hundreds
of thousands of children within a decade after its introductid®’ Trials
to evaluate its impact began in Euré{§é’© and North Americe’1672

Controlled assessment of the vaccine’s efficacy was conspicuously
absent, and one of its most violent opponents was Petroff in the USA, who
doubted both the vaccine’s innocuousness and effita€if. Despite the
justified concerns about the quality of the data on efficacy given all the
methodological problems (such as selection bias), it seemed apparent that
BCG reduced case fatality from tuberculosis among exposed children in a
variety of settings (figure 54%5 It also seemed to protect adult student
nurses heavily exposed to tuberculosis both from death and disease (fi-
gure 55)668-670675
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Figure 54. Early, non-controlled comparisons in crude infant mortality before and
after introduction of BCG vaccination in 16 countries, reported up to 1932.%66

The assumption of the safety of BCG vaccination was severely chal
lenged when 72 of 251 children who were presumably vaccinated with BCG
between December 10, 1929, and April 30, 1930, died from tuberculosis
in LUbeck, Germany’6678 While not all circumstances surrounding this
disaster have ever become pubfitit soon became apparent that BCG was
not the cause.The preliminary epidemiologic analysis in July 1930 already
showed large differences in case fatality by week of vaccination (figure 56),
indicating that strains with different virulence had been mi&eédThis was
bacteriologically confirmed by demonstrating that virulent tubercle bacilli,
but not BCG, were consistently isolated on autofdsyThe epidemiologic
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Figure 55. Results from a non-randomized, self-selection evaluation of the effect
of BCG vaccination on tuberculosis cases and deaths among student nurses in
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Figure 56. Curve of the tuberculosis epidemic following an accidental mix of BCG
vaccine strain with a virulent strain of Mycobacterium tuberculosis in Libeck,
Germany, 1930.67

and bacteriologic investigations demonstrated conclusively that batches con
taining both BCG andM. tuberculosisin varying proportions had been fed

to the infants during the epidenfit.678681682 Among the 53 fatal cases
ascertained by mid-July 1930, the interval between vaccination and death
ranged from 34 to 129 days with a median of 79 days.
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Petroff's concerns about a reversion to virulence of BCG have never
been confirmed, and his observation of different colony morphology with
virulent and avirulent coloni€® have not been confirmed elsewhére.

The BCG strain family

Until the introduction of freeze-drying in Japan in 1983the only means

of maintaining a viable strain was through sub-culturingith the distri
bution of the vaccine strain to multiple laboratories in the world, each using
slightly different techniques for strain maintenance, it is not surprising that
the BCG family shows large diversi®? The first freeze-dried French
strain (1949) from the Pasteur Institute in Paris was strain 1] 78eih
which the Glaxo and Danish strains desceniéd.

Recent work based on molecular characterization of the various sub-
strains points to various mutations that have occurred at different points in
time (figure 57)%5687 and indicates that the various BCG sub-strains are
morphologically and genetically different from each other.

Safety record of BCG vaccination

A large review has shown BCG to be one of the safest vacehfés. The
demarcation between a normal reaction and an adverse reaction is not always
clear®° The normal reaction is a red indurated area measuring five to
15 mm. A crust is formed around this induration, which is soft at the cen
ter for three to four weeksAt six to ten weeks, the crust falls off, leav

ing a flat scar measuring three to seven millimet&s.Regional lym
phadenopathy in the absence of erythema or vesicle formation should also
be considered a normal reaction to the vacéiheComplications include
cutaneous lesions and regional suppurative lymphadenitis; more severe local
ized or multiple lesions (such as musculo-skeletal lesi##$¥: and non-

fatal and fatal complications resulting from hypersensitivity reactions or
mycobacterial disseminatioi§é68.695-702 The risk of complications varies
with the type of vaccine and with the age at vaccinatidrne risk of
osteomyelitis ranged from 0.01 to 50 per 1 million vaccinations, that of
multiple or generalized lesions from 0.01 to 2 and that of fatal cases from
0.01 to 1 per million vaccinated individug#.58° The lowest complica

tion rates were reported with the Tokyo strain, and the highest with the
Gothenburg strain produced in Denm&tko3
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In a prospective study in South Africa among 10,000 neonates +eceiv
ing the Copenhagen strain intradermally at birth, at six weeks post vacci
nation the vaccination scar had healed in more than 95% of children, 1.5%
had no vaccination scar, and in 3% adverse events were fibtedl
adverse events were local (oozing, abscesses, rarely combined with lym
phadenopathy).

Because BCG is a live vaccine, concerns were raised early on about
the safety of its use in persons infected with H#¥%/°7 and several case
reports about disseminated mycobacteri®sié*and mycobacterial menin
gitis due to BCG%710715have been published A study among mother-
child pairs with and without HIV infection has shown that children of moth
ers with HIV infection who also had HIV infection themselves had a slightly
increased risk of suppurative lymphadenitis, but the manifestations were
mild and easily manageable (figure 58). Apparently, living BCG can
persist for decades and cause localizedr disseminateti® complications
after acquisition of immunosuppressiomevertheless, most of these case
reports appear to be isolated events, although it has been argued-that dis
seminated disease attributable to BCG vaccination in HIV-infected children
might be exceedingly difficult to diagno$®¥. However, a study in Zambia
among HIV-symptomatic children with a median age of 15 months, showed
that mycobacteremia due to BCG must be exceedingly’#aré recom
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Figure 58. Relative risk of a complication following BCG vaccination among chil-
dren born to an HIV-infected mother.7®
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mendation by WHO states that no principal changes in BCG vaccine pol
icy are warranted unless children present with symptomatic HIV infe€#ion,
a statement that has not been challenge®?

Management of adverse reactions due to BCG vaccination

Children with lymphadenitis due to BCG were randomly allocated to receive
either isoniazid or no treatmert. There was no difference in the dura
tion of lymphadenitis between the two groups, nor did isoniazid prevent
the occurrence of suppurationSimilarly, children with abscess formation
were randomly assigned to receive either isoniazid or erythromycin (serv
ing as placebo}?®* The response in each treatment group was the same.
In another study, comparing excision, excision plus isoniazid, and isoniazid
alone compared to a control group without intervention, no significant dif
ferences were observed between the various interventions, and in-particu
lar, isoniazid offered no advantag&. Non-suppurative lymphadenitis is a
normal reaction, and is best left without antibiotic treatn§&e’

Patients with suppurative lymphadenitis following BCG vaccination
were randomly assigned to treatment with simple needle aspiration, intro
ducing the needle subcutaneously two to three centimeters distant from the
node, versus no treatmefit. Regression was significantly faster in the
treated than in the non-treated group, and spontaneous drainage was less
frequent.

For osteoarticular mycobacteriosis due to BCG, combination therapy
is indicated, but results were not always favorable (both in terms of-seque
lae and relapses) in a case series from Swéden.

A standard course of treatment (as for clinically manifest tuberculo
sis) is also indicated in disseminated mycobacteriosis due to B&Zhis
Is a rare complication, however, treatment regimens have not been amenable
to formal study. In treatment, it should be kept in mind that BCG is, like
its parent organism\. bovis, naturally resistant to pyrazinamide.

Efficacy and effectiveness of BCG vaccination

Efficacy is the extent to which an intervention produces a beneficial result
under ideal conditions.The best setting to address efficacy is thus prespec
tively, in a controlled clinical trial. In contrast, effectiveness takes the-var
ious constraints that are found in the field into account in the actual rou
tine delivery of the interventiof®® Effectiveness is often ascertained
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retrospectively, such as in case-control studi&sficacy (in clinical trials)

and effectiveness (in case-control studies) have been ascertained in various
settings. The principle underlying the design of prospective and fetro
spective studies is summarized in table Ithese trials were supplemented

by community trials and contact studie$he variation in estimates of pro
tection ranged widely, from harm (more cases among the vaccinated than
among controls) to a high level of protection.

The efficacy of BCG vaccination is best ascertained in a prospective
clinical trial, while an estimate of its effectiveness in routine application
might be obtained through retrospective studies, such as case-control, con
tact, or case-population studies, although possible confounding effeets can
not be controlled so easily.

Briefly, clinical trials are a prospective ascertainment of cases -occur
ring among the exposedClinical trials thus start with looking at the expo
sure (BCG vaccination given or not) and then ascertain the outcome (tuber
culosis) in a group of individuals, preferably randomly assigned to exposure
(table 10)73t These are population-based studies and the denominator is

Table 10. Study design of clinical trials and case-control studies.

Design of a clinical trial

Outcome
Exposure Characteristic Characteristic Person-time
present absent of observation
Exposure present A - E
Exposure absent C - F
Total A+C - E+F
Incidence rate among the exposed: A / E
Incidence rate among the unexposed: C / F
Relative risk: (A / E) / (C | F).
Design of a case-control study
Outcome
Exposure Case Control Total
Exposure present a b atb
Exposure absent c d c+d
Total atc b+d N=a+b+c+d

Odds among the exposed: a / b
Odds among the unexposed: ¢ / d
Relative odds: (a / b) / (c / d).
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the number of person-years of observatiofihe measures are incidence
rates among the exposed and unexposed and the summary measure is the
relative risk (the risk among the exposed divided by the risk among the
unexposed). Vaccine efficacy (in per cent) is calculated as (1 — relative
risk) x 100.7%2 The 95% confidence intervals were calculated (or reealcu
lated, where appropriate) using the formula proposed by Orenstein in his
review on assessment of vaccine efficd&€yunless adjusted or stratified
summary estimates were provided by the authors.

To defray the costs incurred in clinical trials and to obtain results more
quickly, it was proposed to ascertain the effectiveness of BCG vaccination
by means of (retrospective) case-control studigsBriefly, case-control
studies start with looking at the outcome (tuberculosis) and then ascertain
exposure (BCG vaccination given or not) in a group of patients with the
outcome, compared to an appropriately selected control group of persons
without the outcome (table 133* A relative risk cannot be calculated as
this measurement is confined to population-based studidge measure
ment of risk in a case-control study is the odds ratio (or relative odets).
rare diseases the odds ratio approximates the relative risk in a clinical trial.

The advantages and disadvantages in the use of the case-control approach
are linked to its being observational, having subjects selected on the basis
of disease status, and using controls from the population from which the
cases emanate® The advantages of case-control studies include avoid
ance of ethical problems arising in situations where there is already evidence
that the vaccine is better than placebo; allowing much faster conduct than
randomized trials; and requiring a much smaller number of subjéldtey
are thus substantially cheaper to conduct than randomized clinical’¥rials.

The most challenging difficulty in the design of case-control studies
is the selection of appropriate controls in that they have to be selected in
such a way that they are comparable to cases in every respect except for
the outcome. Selection bias resulting from a failure to ensure this-com
parability may thus invalidate any findings.

The results of some of these case-control studies are summarized
below. Vaccine effectiveness (in per cent) from a case-control study is
estimated as (1 — odds rat}100.732 For unmatched case-control stud
ies, the 95% confidence intervals were calculated (or recalculated where
appropriate) using Woolf's metho& For matched and adjusted analyses,
the confidence interval published by the authors of the study was chosen.
If not stated for matched studies, the confidence interval around the crude
odds ratio was calculated as above.
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Prospective and retrospective studies on BCG vaccination

In one of the first clinical trials with a methodologically fairly acceptable
design (systematic alternate allocation), BCG was given to children exposed
to a parent with tuberculosis and compared to a similar group who did not
receive the vaccin&® The impact on fatality was dramatic, with an 82%
reduction in the risk (figure 59).Nevertheless, suspicion about the -effi
cacy of BCG vaccination persisted, particularly in the United Statdmt

also in the United Kingdorf?® largely because the design of many stud
les was dubious at best.

One of the most conspicuous differences observed in the protection
afforded by BCG reveals that age at vaccination is import&it.further
crucial importance is the type of tuberculosis that is targeted for protection
by vaccination.

In the following summary of the best-known studies in the English lit
erature, the studies are identified as being prospective or retrospeEtve.
each of these two study types five classes were examined:

* protection against disseminated and meningeal tuberculosis, and against
death from tuberculosis;

* protection afforded to children by vaccination of newborns or infants;

» protection afforded by vaccinating children beyond the age of one year;
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Figure 59. Comparative case fatality from tuberculosis among newborns vacci-
nated and not vaccinated with BCG in a clinical trial with systematic assignment to
the experimental or control arm.”36
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» protection afforded by vaccinating adolescents or adults;

» protection afforded by vaccinating people of various ages.

Protection conferred by BCG vaccination against disseminated
and meningeal tuberculosis, and against death from tuberculosis

Five major prospective studies have looked into the protection afforded
by BCG vaccination against death from tuberculosis (figure’®gy-744

All of these studies were conducted before the advent of curative
chemotherapy. Four of the studies showed a point estimate of the pro
tective efficacy of 80% and above, and one afforded no protectidre
confidence interval was wide in all studies, because the number of events
was small.

Several retrospective studies (including two using two different con
trol groups) examined the protection against disseminated and meningeal
tuberculosis (figure 61}45-747.747-753 The protective effectiveness was usu
ally in excess of 80% and in no case did the 95% confidence interval
include zero.

N. Am. Indians —_— Death

Chicago L Death

Philadelphia ® Death

Saskatchewan i Death

New York City 0 Death
-4(IJO -1(I)0 (I) 3IO 5IO 8I0 9IO 9I5

Per cent protection

Figure 60. Results from five controlled clinical trials to evaluate the efficacy of
BCG vaccination against death from tuberculosis.?36.741-744
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Figure 61. Results from retrospective studies on the effectiveness of BCG vac-
cination against death from meningeal, other extrapulmonary, or disseminated tuber-

cu IOS i S. 745-747,747-753

It may be concluded from these studies that BCG affords very good
protection against death from tuberculosis, and against disseminated and

meningeal tuberculosis.

Protection conferred by BCG vaccination of newborns and infants

Three prospective studies looked into the protective efficacy of BCG given
to newborns or infants against all forms of tuberculosis or morbidity
(figure 62).742743.754 The point estimate of the efficacy was between 50%

and 80%.

Several retrospective studies examined the effectiveness of newborn or
infant vaccination (figure 63}47.748.753.755-762 The |evel of protection in these
studies varies widely, but frequently above 50%oteworthy is the study
from Zambia, which stratified effectiveness estimates by HIV st&fus,
showing that HIV-infected children had no protection as compared to 60%

protection among HIV-negative children.
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Figure 62. Results from prospective studies on the efficacy of BCG vaccination
against tuberculosis in newborns and infants.742743.754
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Figure 63. Results from retrospective studies on the effectiveness of BCG vac-
cination against tuberculosis in newborns and infants.747.748.753,755-762
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Protection conferred by BCG vaccination of children over one year of age

Only three protective studies of BCG vaccination of older children are avail
able (figure 64)63-768 All three showed a very low level of protection, of
less than 30%. In Chingleput, south India, where BCG gave little or no
protection, there was a tendency to provide some protection in children
below the age of 15 years, but a similar tendency towards harm (more cases
in the vaccinated than the non-vaccinated) in older persons (figuré65).

Puerto Rico . —.— Children, any form

Children, pulmonary

Chingleput e culture confirmed

Madanapelle —_— Children, any form

-400 -100 0 3050 80 90 95
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Figure 64. Results from prospective studies on the efficacy of BCG vaccination
against tuberculosis in children other than infants.763-768
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Figure 65. Protection from BCG vaccination by age, Chingleput, India.”®
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Three retrospective studies among children also showed very variable
levels of protection, from 16% to 74% (figure 68%.769.770

These studies seem to show that vaccination of older children does not
offer protection against tuberculosis that is as reliable as vaccination at an
earlier age.

Protection conferred by BCG vaccination among adolescents and adults

Six prospective studies have examined the protection of BCG vaccination
against tuberculosis among adolescents or adults (figuré&9763-765.767,
768.771-778 The study in Ulleval, Norway, was the first ever conducted prespec
tive study?®8670 |t does, however, not live up to current requirements for
a controlled trial, as student nurses with a negative tuberculin skin test at
entry could choose whether to be vaccinated or rlat.this context, the
study conducted in England (wheve microti, not BCG was used) remains
the only study of high standard that has shown a very high level of pro
tection, of close to 80%, in this age grolip’’¢ The other studies show
little or no protection, with a tendency to reveal a potentially harmful effect
in India.”63-765777 |n England, protection appeared to last for about 10 years
before dropping rapidly (figure 686 In contrast, in Chingleput, where
there was no overall protection, vaccination appeared to confer harm (more
cases than in the control group) in the first five years and minimal pro
tection subsequently (figure 69%

Children, any form

Bangkok : Case-control
Edinburgh : ° Children, any form
. Case-control
Call ) Children, pulmonary
: Contact study
-400 -100 0 30 50 80 90 95
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Figure 66. Results from retrospective studies on the effectiveness of BCG vac-
cination against tuberculosis in children other than infants.”50769.770
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Figure 67. Results from prospective studies on the efficacy of BCG vaccination
against tuberculosis in adults.668670.763-765.767,768,771-778

The two retrospective studies show a protective effectiveness 0f10%
and close to 60%:° respectively (figure 70).

These studies seem to indicate that vaccination of adolescents or adults
is rarely a useful intervention.
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Figure 68. Protection from BCG vaccination among British school children dur-
ing follow-up.7®
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Figure 69. Protection from BCG vaccination in Chingleput, India during follow-
up_765
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Figure 70. Results from retrospective studies on the efficacy of BCG vaccination
against tuberculosis in adults.”79.780

Protection conferred by BCG vaccination across various age groups

Of the seven clinical trials studying protective efficacy across a wide range
of age groups, with a preponderance of persons other than infants, two
showed a high level of protection, of around 80%, while all of the others
showed little or no protection (figure 773763-765.767.768,781-787

These observations reconfirm that utilization of BCG vaccination in
age groups other than infants is rarely an effective intervention.

One retrospective study from the Gambia reported that 35 patients
among 200 without a BCG scar died during chemotherapy, while none of
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Figure 71. Results from prospective studies on the efficacy of BCG vaccination
against tuberculosis in all ages.738.763-765,767,768,781-787

85 with a BCG scar did s While considerable attention was paid to
adjustment for potential confounding factors (yet the effect remained), the
authors were still cautious in concluding that BCG vaccination reduces case
fatality from pulmonary tuberculosis.

Hypotheses about the variation in the efficacy of BCG
vaccination

While the overall evidence is quite clearly in favor of a protective effect
of BCG vaccination, the observed variations are large in both prospective
and retrospective studiesA number of hypotheses have been formulated
to address these discrepancieSmith7s® and Smith and Finé® have com
prehensively reviewed the evidence, and the following outline is guided by,
and draws heavily on, their assessment.

The principal hypotheses to explain the variations observed in the pro
tection offered by BCG include:

» Differences in methodological stringency;
» Differences in vaccine strains;

+ Differences in vaccine dose;
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« Differences in virulence oM. tuberculosisstrains;

« Differences in risk attributable to exogenous reinfection tuberculosis;
» Differences in genetic make-up of vaccinees;

« Differences in nutritional status of vaccinees;

» Differences in prevalence of infection with environmental mycobacteria;

e  Other factors.

Differences in methodological stringency

Quite obviously, not every study can be methodologically as rigorousty con
ducted as ideal standards of study design and conduct c&il f#&r. Among

the clinical trials, several have been excluded from major reviews and meta-
analyses such as those conducted by Colditz and collabofétéfs.These
authors found that study validity score explained 66% of the variation in
prospective clinical trials and 36% in retrospective case-control sti¥ies,
and only 15% in case-control studies on BCG protection against infant
tuberculosis’®? Nevertheless, perhaps the most relevant trial showing no
protection against bacteriologically confirmed tuberculosis, conducted in
Chingleput, India, was judged to be of high scientific quality by a WHO
expert committee specifically charged to ascertain the trial’s valiefity.

It must be kept in mind that the range of protection cannot be taken
at face value, but must also be seen in the context of what the study in
guestion sought to addres8CG trials (be they prospective or retrospec
tive) ascertained protection against various outcomes such as morbid state
(tuberculosis or death from tuberculosis) and site of disease, e.g., pulmonary,
extrapulmonary single site, and disseminated tuberculosis, taking into account
such things as bacteriologic certainty of the case, age of the patients, and
time elapsed since vaccinationVhat seems apparent from the studies is
the tendency of BCG to provide its greatest protection within the few years
following vaccination, against death from tuberculosis, disseminated disease
manifestations, and bacteriologically unconfirmed tuberculogis.sum
marizing these effects, BCG is generally most effective against serious forms
of tuberculosis occurring shortly after infection acquired at an early age.
Thus, any evaluation of the protective efficacy of BCG vaccination should
be stratified according to these variables.
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Differences in vaccine strains

The available BCG vaccine strains differ widely in phenotype and-geno
type.660661685686 |t has been proposéd that differences in vaccine strains
may account for observed variations in vaccine efficady. the rabbit
model, not all BCG (andVl. microti) strains provided the same level of
protection’®> However, the most powerful argument against this hypoth
esis arises from the Chingleput study, where two vaccine strains were
used®-765that had documented high efficacy in other settings but were not
shown to be efficacious in Chingleputurthermore, one of the studies (a
case-control study from Indonesia) cited for evidence of differential-effec
tiveness of strains, examined successive vaccination policies, and was thus
by necessity a non-concurrent study which additionally failed to adjust for
time elapsed since vaccinati®i.

Differences in vaccine dose

BCG has been administered through various routes, initially orally, then
parenterally. The latter administration may have been given intradermally
or transdermally via multipuncture deviceS.he dosage reaching the -tar
get thus may well have variedNevertheless, the following observations
seem to contradict the argument of an influence of differential dosage effect.
Three controlled clinical trials with low efficacy used multipuncture aemin
istration,’68.78578gnd one with high efficacy did so tG¢ Furthermore,

the trial in Chingleput specifically considered in its design the possibility
of deterioration of vaccine potency in the field, and allocated vaccinees also
to two arms receiving a ten-fold difference in dose, with no difference in
effect_763-765

Differences in virulence of M. tuberculosisstrains

That not all tubercle bacilli are equally virulent has been demonstrated
repeatedly both foM. bovis BCG77 and M. tuberculosisin general798.799
and for isoniazid-resistant strains in particUii0-802

The hypothesis that the relative frequency of more or less virulent
tubercle bacilli affects the observed protective efficacy of BCG vaccination
Is based on the argument that tubercle bacilli of lower virulence might also
cause tuberculin skin test reactions of smaller si&ich persons then
might be classified as “non-reactors”, i.e., persons not infected with-tuber
cle bacilli, thus becoming eligible for vaccination/accination of actually
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infected persons may thus mask any protective effect of BCG vaccination,
as vaccination is not expected to provide protection against those who are
already infected®

The argument fails to account for the fact that BCG provided no pro
tection at all in some trials.Depending on the proportion of individuals
who had escaped infection with environmental mycobacteria at the point
of BCG vaccination, masking of protection by BCG vaccination would be
expected to be incomplete.

Differences in risk attributable to exogenous re-infection tuberculosis

BCG vaccination is expected to provide protection against tuberculosis
resulting from infection acquired subsequent to vaccinatidnis not
expected to provide greater protection than a naturally acquired primary
infection. Protection conferred by a primary infection against disease from
re-infection is incompleté4811 Thus, the protective efficacy of BCG might
be increasingly masked as the contributory fraction of cases attributable to
re-infection increase%2813 Thus, following this argument, the protection
afforded by BCG is expected to be lower where the risk of infection with
M. tuberculosis(and thus re-infection) is high.

This is not borne out by observationdhe annual risk of infection
in the United Kingdom decreased considerably over firhget the level
of protection afforded by BCG remained high and virtually uncharigjed.

Differences in genetic make-up of vaccinees

Because differences in protection from BCG among males and females were
observed in at least one stud other genetic factors may also play a role

in the differential protection conferred by BCQ\evertheless, the finding

that BCG gave virtually no protection to children in Chinglefstabut high
protection in children from the Indian sub-continent living in the United
Kingdom8.761 would tend to disfavor this hypothesis.

Differences in nutritional status of vaccinees

As nutritional status affects the functioning of the cellular immune system,
it might be expected that poor nutritional status would adversely affect the
protective efficacy of BCG vaccinationHowever, BCG provided very high
protection against tuberculosis death among poorly nourished North American
Indian children, even somewhat higher than among well-nourished British
adolescents’® a finding that would tend to contradict this hypothesis.
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Differences in prevalence of infection with environmental mycobacteria

BCG vaccination has been used not only for protection against tuberculo
sis, but also against leprogyp;821 often with more success than in the-pre
vention of tuberculosig’”822823 |t is thus apparent that different mycobac
terial species (in this cadd. tuberculosis M. bovis BCG, M. microti, and

M. lepra@ exert a modification of the immunologic response to infection
with another mycobacterial speci®&s. It is thus postulated that infection
with one species of mycobacterium triggers a cellular immune response pre
pared to act more swiftly in the killing of mycobacteria of another species
acquired during a subsequent infectioifhis is most apparent from the
(limited) protection provided by infection witkl. tuberculosisagainst super-
infection with tubercle bacillfl® and the apparently similar effect F. bovis

BCG under certain circumstanceslhat BCG can also afford protection
against leprosy would indicate that cross-protection is not limited to closely
related mycobacterial species.

It has been postulated that different mycobacterial species induce dif
ferent immunologic responses, some beneficially increasing protection against
super-infection with another mycobacterial infection, while others may
increase susceptibility to progression to clinically overt diséaseén exper
imental models, protection afforded by vaccination wihbovis BCG,

M. fortuitum M. avium M. kansasii andM. scrofulaceun(then called Gause
strain) againsM. tuberculosisvas examined in the guinea pi§. All envi-
ronmental mycobacteria used in this study provided some protection, but
with a wide variation, yet none provided as high a level of protection as
BCG vaccination. It has therefore been postulated that the low protection
afforded by BCG in Georgia as compared to the high protection observed
in Britain may be attributable to a differential prevalence of infection with
environmental mycobacterf8® Edwards and colleagues demonstrated sim
ilar protection by vaccinating wit. avium complex againsi. tubercu

losis isolated in Chingleput as with the Danish BCG stf4in.Orme and
Collins demonstrated that airborne infection withaviumin mice was as
effective as intravenous BCG in protection against a challenge with viru
lent tubercle bacillf2¢ Brown and colleagues administer®tl vaccaein
drinking water to mice, subsequently challenged them with BCG and mea
sured the proliferative response of spleen céllsThe results showed that,
depending on the timing of the exposure of the mic&ltvaccaebefore

BCG vaccination,M. vaccaecould enhance, mask or interfere with the
expression of sensitization by BCG.
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If environmental mycobacteria do indeed provide protection against
M. tuberculosis and infection with them occurs before the administration
of BCG, then the effect of the latter will be at least partially magked.
This may explain the larger protection conferred by BCG given earlier in
life than if given later as demonstrated in Chinglefstt.

Furthermore, the risk of tuberculosis would be expected to be greater
in initially tuberculin negative persons than in individuals with small tuber
culin skin test reaction sizes (more likely attributable to infection with-envi
ronmental than tubercle bacilli).

In Puerto Rico, protection from BCG was lower in rural areas, where
non-specific sensitivity was higher than in urban areas, where protection
from BCG was higheP® However, in Chingleput, the rate of tuberculo
sis among persons with a reaction size of more than nine millimeters to a
sensitin produced fronM. avium complex (PPD-B) was identical to that
among those with zero to nine millimeters reaction siZes.

In the United Kingdom, the risk of tuberculosis was higher among ini
tially tuberculin skin test negative adolescents than among those reacting
to 100 tuberculin units only, but the risk decreased over time (figuré€2).
The protection afforded against tuberculosis by a tuberculin skin test reac
tion that can be elicited only by this large dose of tuberculin is remarkably
similar (but smaller) to that imparted by BCG vaccination (figure 73).

In the Karonga, Malawi, trial the risk of tuberculosis during follow-
up was lowest among those with an initial tuberculin skin test reaction size
of six to 10 mm (figure 74§31 After adjustment for age and sex, the risk
was also lower among those with reactions of one to five millimeters than
among non-reactor#?

That different species of mycobacteria seem to act on the immune sys
tem has also been demonstrated by observations from Swekléar. the
cessation of mass BCG vaccination, there was a large increase in periph
eral lymphadenitis due to environmental mycobacteria (figure 7P&¥¥834
and Romanus V, personal written communication, Feb 18, 208Dhilarly,
in the Czech Republic, the incidence of lymphadenitis among children due
to M. aviumfollowing cessation of BCG vaccination was 3.6, compared to
0.2 per 100,000 person-years among children vaccinated on the insistence
of their parent$3 suggesting a protection of 95% (95% confidence -inter
val 88% to 98%) from BCG against lymphadenits duéMt@vium

While not all findings are consistent with the hypothesis that-envi
ronmental mycobacteria may mask the protection that BCG can confer in
their absencé® it may explain to a considerable extent certain variations
in observed efficacy.
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Figure 72. Risk of tuberculosis during follow-up of British school children, by ini-

tial tuberculin skin test reaction size, among placebo recipients, BCG trial, Great
Britain.”7®
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Figure 73. Comparative protection from BCG vaccination and presumed infection
with environmental mycobacteria among British school children during follow-up.”7¢

Other factors

It has been suggested that infestation with parasites, in particular with
helminths, may affect the human T cell immune responses to mycaebacter
lal antigens?3¥ Treatment of helminths resulted in significant improvement
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Figure 74. Risk of tuberculosis during follow-up by size of initial tuberculin skin
test reaction, Karonga District, Malawi. Reproduced from83' by the permission of
the publisher Elsevier Science.

of T cell proliferation and interferon-gamma productiofhis could explain
to some extent the reduced efficacy of BCG in countries in the world where
helminthic infestation is commof¥®
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Figure 75. Reported cases of mycobacteriosis due to M. avium complex, Sweden,
1969-1993. Data courtesy Victoria Romanus, Swedish Institute for Infectious Diseases.
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BCG re-vaccination

It is or has been the policy in many countries to re-vaccinate with BCG at
school entry or later in life. There is no evidence that this increases pro
tection against tuberculosié37.838put in northern Malawi it has been
shown to considerably increase protection against lepfésyre-vaccina

tion schemes often fall into the lowest tuberculosis risk period in life (age
five to 14 years) and target a population where protection from BC&G vac
cination is dubious or variable at best.

Effects of BCG other than those directed
against tuberculosis

BCG has been shown to be protective against leprosy in some situations
815-818.839\yhijle not in other$!® It has also shown to be effective against
M. ulcerans albeit with an apparently very short-lived protecti¢h.

The best known indications for BCG against other than mycobacterial
diseases are its use as an immunotherapeutic agent in the treatment-of super
ficial bladder cance¥-8%0 and, to a lesser extent, malignant melanéfha.

It has also been suggested that BCG reduces the risk of atopy and asthma,
852854 gand reductions in the risk of intestinal nematodes in chifdremd
HIV-infected patients have been reportege>’

Indications and recommendations for the use
of BCG vaccination

Approximately 100 million children now receive BCG every y&ar.The
number of doses produced in the year 2000, in descending order, were the
Copenhagen 1331 strain, D2PB302, Tokyo 172, Sofia SL 222, Pasteur 1173,
Glaxo 1077, and the Russian stréif.

While there have been wide variations in the protection afforded by
BCG vaccination in different trials, the evidence is overwhelming that BCG
provides protection against tuberculosis, especially against tuberculous menin
gitis and death from disseminated tuberculosis in childréfere it worked,
its protective effect waned over time, to disappear after 15 to 20 years.
The evidence for protection against bacteriologically confirmed tuberculo
sis in adults has been less consistent.
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Because BCG vaccination is given early in life, the protection afforded
is limited in time, and its effect on bacteriologically confirmed tuberculo
sis in adults is inconsistent, it cannot be expected to have a great impact
on the epidemiology of tuberculosi%;8

It seems inappropriate to conclude from meta-analyses that BGG pro
vides some average protectit’92 The observed range in protection is
real and remains largely unexplained.

In light of the evidence, WHO recommends its use in newborr chil
dren or as early in life as possibgRe80 This is still sound policy for those
countries in the world where tuberculosis is highly prevalent, and tubercu
lous meningitis is a frequent, disabling or fatal occurrentefails to
address the role of BCG where tuberculosis in children has become a rare
occurrence.

The IUATLD has developed recommendations on criteria for the dis
continuation of mass BCG vaccinatiéil. Three key issues enter into the
decision making process on the discontinuation of BCG vaccination.

The first is the extent of protection BCG actually imparts in a given
location. In the USA, the low efficacy of BCG vaccination in Georgia,
Georgia-Alabama, and Puerto Rico had an important impact on the deci
sion not to routinely utilize BCG vaccinationAs such prospective stud
ies are usually beyond the realm of resource availability, effectiveness
might alternatively be studied utilizing the case-control or contact study
approach.

The second is the frequency of serious forms of tuberculosis m chil
dren (meningitis, disseminated forms) weighted against the frequency of
adverse reactions from the vaccine itselfhis has been best studied in
Sweden where the frequency of serious adverse reactions from BEG vac
cination (osteoarticular and disseminated mycobacteriosis due to BGG) out
weighed the incidence of cases that the vaccine was intended to prevent
(figure 76).79%  Similarly, BCG vaccination may become non-cost-effective
as the frequency of childhood tuberculosis decreases, so that an increasing
number of children need to be vaccinated to prevent one case.

The third consideration is the value attached to the preservation of the
utility of the interpretation of tuberculin skin test resultBCG vaccina
tion induces tuberculin sensitivity and complicates the interpretation of tuber
culin skin testing results.In industrialized countries with an elimination
strategy in mind, the tuberculin skin test is an important means of-identi
fying persons with tuberculous infection at a high risk of progression to
tuberculosis who would benefit from preventive chemotherapy.
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Figure 76. Osteitis due to BCG vaccination and incidence of pulmonary tuber-
culosis among Swedish-born children, Sweden 1949-1993.70

WHO discourages re-vaccination because there is no evidence of its
usefulnes$®? Lack of evidence is, however, not synonymous with lack of
efficacy. Re-vaccination at school entry is likely to be inefficient (even if
it were efficacious), because it falls into the period in life when the risk
of tuberculosis is lowest.

Finally, concerning HIV infection, the WHO has concluded after-care
ful review of available data, that BCG vaccination schemes do not need to
be altered unless HIV infection is symptomatic (AID3). This, too, seems
to be a reasonable recommendation given the lack of evidence of an
increased frequency of serious adverse events in BCG-vaccinated children
who also have acquired HIV infection from their motheHowever, it
appears that HIV infection lowers the protective effect against extrapul
monary tuberculosi&? In industrialized countries, where the need for BCG
vaccination is generally lower, it is usually recommended not to give BCG
vaccination to individuals known to have HIV infectié.

The freeze-dried vaccine should be kept refrigerated and protected from
light, and diluted only immediately before vaccinatiom most countries,
BCG vaccine is given by the intradermal route, generally by injection with
a 25 or 26 gauge needle, in the deltoid insertion region of the uppéfsarm.
Most manufacturers (including all those who provide vaccine for UNICEF,
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the largest purchaser in the world) recommend a 0.05 mL dose for infants,
and the double dose for children.

Difficulties have arisen for decision makers about the value of vacci
nating health care workers at increased risk of infection itiubercu
losis, particularly in settings where multidrug-resistant tuberculosis is com
mon. The uncertainty stems from the scarcity of data on protection against
tuberculosis among adults, and the generally low level of protection (or
none at all) among adults in clinical trial8Vhile decision analyses appear
to favor the use of BCG vaccination in such settiffgsuch a conclusion
has been disputed, largely based on the argument that it deprives those vac
cinated from ever learning whether they have acquired tuberculous infec
tion or not (loss of specificity of the tuberculin te%t). Nevertheless, in
areas where BCG has been demonstrated to provide appreciable protection
against tuberculosis among adults, where there is a high risk for health care
workers of becoming infected, and where multidrug-resistant tuberculosis
is common, a BCG vaccination policy for health care workers might deserve
consideration. Where these conditions are not met, non-vaccination of
health care workers might be more appropriate.

In summary, barring a better alternative, BCG vaccination remains a
useful adjunct for the individual protection against disabling and lethal forms
of childhood tuberculosis in most parts of the world where tuberculosis
remains highly prevalent.It cannot be expected, however, to have great
impact on the epidemiologic situation of tubercul#8ig5>°
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4. Preventive chemotherapy

In the early 1950s Lincoln described her observations with chemotherapy
and its effect on case fatality from primary tubercul@$is.In particular,
fatality from tuberculous meningitis fell from 100% to 17% with strepto
mycin and para-aminosalicylic acid, and to 12% with the introduction of
isoniazid. None of the patients with miliary tuberculosis treated with iso
niazid alone or in combination with other drugs developed tuberculous
meningitis. She concluded that:

“...the use of isoniazid will have to be considered for every child with
active primary tuberculosis and probably also for children with known recent
conversion of tuberculin tests even if chest roentgenograms are noiirhal.
duration of therapy would most likely be for a year in order to cover the
period during which meningitis would be most likely to develd§s..”

While credit for the idea of preventive chemotherapy might be shared
by various investigator&!! this is almost certainly one of the earliest
accounts to spell out so clearly the research agenda on which the US Public
Health Service, and subsequently other bodies, would engage.

It is noteworthy that two issues are raised heféhe first is the pre
vention of complications from clinically manifest tuberculosis; the second
is the notion of prevention of disease from recently acquired asymptomatic
infection. In this monograph the term preventive chemotherapy is defined
as treatment of latent, asymptomatic tuberculous infection with the intent
to reduce the risk of progression to clinically manifest disease, and not what
is essentially chemotherapy of active tuberculosiéevertheless, the first
US Public Health Service controlled trial dealt precisely with that, and pro
vided evidence of a 70% protection with isoniazid monotherapy against
development of complications from primary tubercul@$ig%870 Similarly,

a controlled trial conducted in India among patients with minimal- radi
ographic lesions, not certain to be active or inactive, offered evidence for
a 68% protection against bacteriologically confirmed pulmonary tuberculo
sis.81 This type of investigation will not be dealt with further at this point.

Numerous clinical trials of preventive chemotherapy (in the stricter
sense of the definition used here) have been condudikdy encompassed
a range of variables, including persons at varying risk of tuberculosis, choice
of anti-tuberculosis agent, and duration of therapi/hile no attempt is
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made here to provide a comprehensive list of all of the trials, the best
known have been selected to review the efficacy that preventive chemother
apy has offered in randomized controlled clinical trials in various settings.

In order to provide comparable results, Wald 95% confidence- inter
vals7! were calculated for all trial efficacy estimates, unless (in some recent
publications) the authors provided adjusted risk ratios or provided msuffi
cient data to recalculate confidence intervals. this case, the confidence
intervals provided by the authors were used.

Prevention of disease in tuberculin skin test reactors

Persons who react to tuberculin, but whose acquisition of tuberculous infec
tion lies in the remote past, have a relatively small annual risk of pro
gression to clinically active tuberculosis compared with persons who have
recently acquired infectioh. While the exact point of acquisition of infec

tion is rarely known for an individual, several studies have been conducted
among patients whose tuberculous infection has been unlikely, to have been
of recent origin on average (wide spread of acquisition points in time).
The first point of interest is the efficacy of preventive chemotherapy in pro
viding protection against progression to tuberculosis during, and ordy dur
ing, the length of treatmentThree of the four trials for which such infor
mation is available used isoniazid for twelve mofth¥2874 and in one it

was given for nine month®> The results obtained by the end of the treat
ment period are summarized in figure 77.

Mental patients . ®

Contacts of __: °
known cases

Alaskan villagers - ®

Greenland villagers — o
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Protection (%) (log scale)

Figure 77. Protection from isoniazid preventive therapy against tuberculosis among
tuberculin skin test reactors during the year of treatment.641.872-875
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Tuberculosis was much more frequent among mentally ill patients in
institutions than in the general population in the United States, and it was
natural to consider this group for preventive chemotherapy to reduce the
risk of endogenous reactivation dise8%e.People of all ages were included,
but older patients made up the bulk of participants, with an average age of
around 50 years.After exclusion of those participants known to have had
a negative tuberculin skin test at intake, the protection afforded by isoni
azid during the treatment year was 81%.

Persons in contact with notified tuberculosis patients for various lengths
of time were included in another US Public Health Service clinical #al.
Some of the index cases had long since been cured of active disease, while
others were still on treatmentContacts who had already developed tuber
culosis at the time of enrolment were excluded from the trfalker half
of the enrolled were initially tuberculin negative and stratification by ini
tial tuberculin skin test result was not providedhe risk of tuberculosis
during the treatment year was very low and the confidence interval around
the observed point estimate of protection of 69% was thus very wide.
However, eight of the nine observed cases in the placebo group had occurred
among those with an initially positive tuberculin skin test.

In Alaska, a community preventive chemotherapy trial was started when
the annual infection rate was almost 100 times greater than in the conti
nental United State%!873 In the Bethel Hospital service area where the
trial was conducted, the annual risk of infection was 25%, a rate far exceed
ing any reported risk elsewhere in the wotld. By the time of starting
the trial the risk of infection had already substantially decreas&etause
of the adverse climatic and transport conditions it was not feasible to test
all persons with tuberculin.Approximately one third of those tested had
a tuberculin skin test diameter of less than five millimeteBuring the
treatment year the protection from isoniazid was 66%rotection was
demonstrated at all levels of adherence (amount of isoniazid taken), with
an indication that six months of isoniazid might have suffi€éd.

In Greenland it had been realized, by the mid-1950s, that the-major
ity of tuberculosis cases developed in the years immediately after primary
infection. A trial was thus undertaken to study the efficacy of isoniazid
preventive chemotherapy at the community Iévet’” Children below the
age of 15 years were excluded from the tri&lacebo or isoniazid were
given weekly for a total duration of nine monthslalf of the participants
received all dosages and over 80% received at least three quarters of the
intended dosages.The crude protection afforded by isoniazid during the
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year following commencement of treatment was 22Far reasons that are

not understood, there was no protection observed in those aged less than
25 years, in contrast to 56% protection in those aged 25 to 34 years, and
intermediate protection in the other age groups.

Prevention of disease in persons with risk factors

The risk of tuberculosis among persons with long-standing tuberculous infec
tion (those studied in the above presented trials) is fairly small, thus the
effectiveness of a preventive chemotherapy scheme is relatively modest.
Conversely, it is of special interest to study the efficacy of isoniazid pre
ventive chemotherapy in persons with a recognized increased risk of tuber
culosis, because the attributable fraction of cases that can be prevented is
relatively large if the prevalence of the risk factor is also high.

Recently acquired infection

Recently acquired tuberculous infection is not only associated with an
increased risk of progression to tuberculosis, but it is also a frequent event.
Four studies of preventive chemotherapy among contacts of newly diag
nosed index cases of tuberculosis are selected here to illustrate the point
(figure 78) 878881

In April 1960, a patient with pulmonary tuberculosis in a marine camp
of the Royal Netherlands Navy infected a large number of his mates in a

Netherlands Navy ®
Kenya ®
USA ———
Japan °
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Figure 78. Protection from isoniazid preventive therapy against tuberculosis among
contacts of tuberculosis patients.878-881

130



barracks®”® On entering service in January, 59 of the men sharing the bar
racks had a negative tuberculin skin test, while by the beginning of April,
56 of them had become convertertn the entire camp 305 conversions
were registered among 1,105 initially negative mek.double-blind con
trolled trial was carried out among the 261 converters who were not excluded
due to departure or because they had already contracted tuberculosis at the
time of starting the trial. After one year, nine cases had developed tuber
culosis in the placebo group compared to only one in the isoniazid group.
During follow-up for a total observation period of four years, three-addi
tional cases developed, all in the placebo group, indicating an overall pro
tection of 93%.

In Nairobi, Kenya, contacts of newly diagnosed tuberculosis cases were
randomly assigned to receive isoniazid or placebo for ones§eaburing
the treatment year and the two-year follow-up period, preventive chemother
apy provided 85% protection against culture-confirmed pulmonary -tuber
culosis.

A large trial was conducted by the US Public Health Service among
contacts of newly identified cases of tuberculdsis. Contacts found to
have tuberculosis during the initial examination were excluded from the
trial. Over 25,000 contacts were eligible for enrolmer®f these, 48%
had tuberculin skin test reaction sizes of five or more millimeters of indura
tion. Approximately two thirds of contacts were less than 20 years old.
About two thirds of study participants were estimated to have taken all of
their medications, and about 80% three quarters or mémong those
who could be reexamined at the end of the 12-month period of medica
tion, isoniazid gave 77% protection against tuberculosis.

In Japan, contacts of new cases of tuberculosis were randomly assigned
to receive placebo or isoniaz# The protection afforded was only 30%,
with confidence intervals including zero.

Infection with the human immunodeficiency virus

Infection with HIV is the strongest yet identified risk factor for progres
sion from tuberculous infection to tuberculosi®ecause HIV alters the
biological response td/. tuberculosisso fundamentally, it could not be
taken for granted that isoniazid preventive chemotherapy would work as
well as in immunocompetent patients.

Tuberculosis is accompanied by an increase in tumor necrosis factor
alpha (TNFe). TNF-a also increase# vitro replication of HIV 882 |t
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might be expected, therefore, that prevention of development of tuberculo
sis would also delay onset of AIDS among HIV infected patients (fi-
gure 79). There is, however, as yet little epidemiological evidence that this
is the casés?

A series of controlled clinical trials has been undertaken in various
settings to evaluate the efficacy of isoniazid (and other compounds) com
pared to placebo in protecting HIV-infected individuals against tuberculo
sis (figure 80).

The first study of this kind was conducted in Port-au-Prince, Ffiti.
The efficacy of 12 months of isoniazid compared to placebo was-ascer
tained. The protection among persons with five or more millimeters of
induration to a tuberculin skin test was 83%he population was small,
however, and the confidence intervals were consequently wiie.add:
tional finding was a significant delay in onset of HIV disease in the iso
niazid group compared to those receiving placelSurvival analysis also
demonstrated significant protection against AIDS-defining illnesses and
AIDS-attributable death among tuberculin-positive, but not among -tuber
culin-negative, patients.

In Lusaka, Zambia, HIV-positive individuals were randomly assigned
to receive twice-weekly isoniazid for six months or placebo and a third arm

Preventive
therapy
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!

Figure 79. Schematic presentation of the impact of tuberculosis on TNF-a pro-
duction and HIV replication, and prevention of the chain of events with preventive
therapy.
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Figure 80. Protection from isoniazid preventive therapy against tuberculosis among
HIV-infected persons.88+-88

with a rifampicin plus pyrazinamide containing reginfén. They were fol

lowed up for a median of 1.8 yearsThe main outcome measures were
incidence of tuberculosis and deatthmong those with a tuberculin skin
test reaction of five or more millimeters of induration, the point estimate
of protection from isoniazid was 74%, yet because of the small number,
the confidence intervals were wide and included zeftere was no dhf
ference in mortality between preventive chemotherapy and placebo groups.
An important observation was that the effect of preventive chemotherapy
declined following cessation of treatment so that by 18 months after the
completion of therapy incidence rates in treated and non-treated groups were
the same.

In Kampala, Uganda, HIV-infected patients were enrolled in a ran
domized trial to receive one of four arms: placebo, isoniazid for six months,
or two rifampicin-containing regimens (one with, the other without pyraz
inamide). Among patients with a tuberculin skin test reaction of five or
more millimeters of induration, isoniazid reduced the risk of tuberculosis
over a mean follow-up time of 15 months by 6%%. Survival did not
differ between the groups.

Collaborating centers in New York City and elsewhere conducted a
randomized trial to assess the efficacy of isoniazid in patients with HIV
infection who were anergi®#’ Anergy was defined as reacting with more
than five millimeters of induration to tuberculin and less than twe mil
limeters to both mumps antigen and tetanus toxdrhtients were addi
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tionally considered to belong to groups at risk of tuberculous infection.

Only nine cases of tuberculosis occurred in the entire cohort of more than
500 patients during a follow-up period of 30 months following cessation

of treatment with six months of either placebo or isoniazid: three in the
isoniazid group and six in the placebo grouphis corresponds to an over

all protection of 52%, yet with 95% cent confidence intervals including

zero.

In Nairobi, Kenya, HIV-positive patientswere randomly assigned to
receive either daily isoniazid for six months or placebo (irrespective of the
tuberculin skin test resulff®¢ Outcome measures were incidence of tuber
culosis and death.The follow-up period from enrolment onwards was a
median of 1.8 years.The protection among persons with positive tuber
culin skin test reactions (not further defined) was 40%, yet with confidence
intervals overlapping zero.There was a slight, statistically significant reduc
tion in risk of death among tuberculin-positive isoniazid recipients-com
pared to the controls.

Spontaneously healed tuberculosis with fibrotic residuals

Patients with tuberculosis that has healed spontaneously with fibrotic lesions
are frequently found, and remain an important source of reactivation tuber
culosis, particularly in countries where the tuberculosis risk has been rapidly
declining and most cases are the result of endogenous reactivatoae

such studies are shown here (figure 81).

Fibrotic lesions (IUAT)

Fibrotic lesions (USPHS) :
Fibrotic lesions (New York) —_——————
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Figure 81. Protection from isoniazid preventive therapy against tuberculosis among
patients with fibrotic lesions, hemodialysis, or silicosis.123641.891-89
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A large trial was conducted in Europe by the International Union
Against Tuberculosis Committee on Prophylaxis among patients with fibrotic
lesions123889 Patients were randomly assigned to four groups, each con
sisting of close to 7,000 patients. A control group received placebo, and
three groups received three, six or twelve months, respectively, of isoni
azid. They were followed up to five years following intakeAmong per
sons completing twelve months of, and adhering to, the prescribed course
of chemotherapy the protection afforded by isoniazid was 93¥e effect
was greater among those with larger than among those with smaller radi
ographic lesions.

Similarly, the US Public Health Service conducted a trial among patients
with inactive lesions and followed them up for five years following enrol
ment into a randomized trial of twelve months isoniazid versus plaéebo.
The protection afforded by isoniazid was 60%.

In New York City, another study with two years of isoniazid was con
ducted among patients with inactive lesi@#s°? The number of patients
enrolled was small, and the protection afforded was 43% over a period of
six years from enrolment.

Silicosis

Silicosis is a well-recognized risk factor for tuberculosis and is highly preva
lent in countries where mining industries and other environments (granite
quarry workers) offer poor protection against silica dust inhalatibn.a

study jointly organized by the Hong Kong Chest Service, the Tuberculosis
Research Centre, Madras, and the British Medical Research Council, patients
in Hong Kong were enrolled into a double-blind randomized trial with six
months of isoniazid (and two rifampicin-containing arms) compared to a
placebo grouE®2 During the five-year follow-up period, isoniazid offered

a protection of 34%, but the 95% interval included zero (figure 81).

Renal failure

A relatively small study with 184 patients on renal dialysis or after renal
transplant were randomly assigned to receive either one year isoniazid or
placebo. They were followed up for one year following cessation of-ther
apy. Among those who completed therapy, the protection afforded by iso
niazid was 41%, but the confidence interval overlapped zero (figur&s1).
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Prevention of disease following cessation
of preventive chemotherapy

One consideration has been the duration of efficacy of isoniazid preventive
chemotherapy. In the three studies shown here, the protection remained
unaltered over four to five years following cessation of preventive
chemotherapy (figure 823875876 Similar maintenance of efficacy over
even longer periods was shown in other stuéliesin the longest follow-

up reported, from the Bethel, Alaska area, protection persisted for more
than 19 yearg
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Figure 82. Long-term efficacy of preventive chemotherapy with isoniazid.23641.876

Nevertheless, in areas where the risk of infection is high and a large
proportion of cases is emanating from recently infected persons, protection
might be expected to decline over timélowever, once the tubercle bacilli
have been eliminated from the body, one might expect some protection to
be afforded against super-infection leading to disease, similar to that expected
from BCG vaccination.

Prevention of disease with different durations
of treatment

The duration necessary to provide optimum protection from isoniazid has
not been satisfactorily determinedn fact, the only study seeking direct
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evidence was the trial of the International Union Against Tuberculosis
Committee on Prophylaxis (figure 832 Among “completer-compliers”
the answer is quite clear-cutMost benefit was obtained with twelve months
chemotherapy with 93% protection, while six months offered 69% protec
tion, and three months 32%.

12 months Py
6 months . ————

3 months —0—

-50 0 30 50 70 90

Protection (%) (log scale)

Figure 83. Impact of duration of intake of isoniazid preventive therapy on pro-
tective efficacy.1?

However, if all patients were analyzed (and not only “completer-com
pliers”), the differences between six months and twelve months became
much smaller, as adherence dropped with increasing length of treatment.
For this reason and considering the cumulative risk of adverse drug events
and personnel costs, it has been suggested that six months of preventive
chemotherapy with isoniazid was more cost-effective than twelve
months8%

However, the primary decision that has to be taken in the selection
of a regimen (curative or preventive) is efficacy; the second is effective
ness.

In consideration of these findings, recommendations have been made
for preventive chemotherapy to be given for six to twelve months, with
every effort made to ensure adherence for six mofithsThe isoniazid
preventive chemotherapy trials in the United States showed that the opti
mum duration might lie somewhere around nine months (figuré*84The
American Thoracic Society and the US Centers for Disease Control now
recommend nine months of isoniazid treatnf@ht.The British Thoracic
Society recommends six to twelve months for preventive chemotherapy, the
longer duration recommended for HIV-positive patiefitg9
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Figure 84. Tuberculosis risk and duration of intake of isoniazid preventive ther-
apy in the Bethel, Alaska, preventive chemotherapy studies. Reproduced from?8%
by the permission of the publisher International Union Against Tuberculosis and Lung
Disease.

Prevention of disease with alternatives to isoniazid

Rifampicin has been remarkably effective in shortening the required dura
tion of chemotherapy of tuberculosig:04 It is postulated to act partieu
larly well on mycobacterial sub-populations with only short bursts of-meta
bolic activity.#*¢ Such a situation probably exists in the case of latent
tuberculous infection and it is thus appealing to hypothesize that rifampicin
might be effective in preventive chemotherapy and may also reduce the
duration of the required treatment period compared to isoniazid.

In a mouse model, Lecoeur and collaborators tested the efficacy of
rifampicin with or without other drugs in combination as a preventive
chemotherapy tool in comparison with isonia2jel.

Latent, sub-clinical infection was produced by vaccination with BCG
and subsequent challenge with tuberculosis After an initial increase in
viable tubercle bacilli, this produced a stable count of bacilli in the spleen,
indicating that the relatively limited population was no longer actively mul
tiplying in the spleen when drug treatment was givdn. a first exper
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ment, mice were assigned to five groups:nb)treatment, 2jsoniazid for

six months, 3)rifampicin for two months, 4yifampicin plus isoniazid for

two months, and 5)ifampicin plus isoniazid plus pyrazinamide for two
months (figure 85). From this experiment, it was shown that two months
of rifampicin-containing preventive chemotherapy was as effective as six
months of isoniazid®
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Months of treatment
Figure 85. Mouse model of latent tuberculous infection and efficacy of various
durations and combinations of preventive therapy on spleen bacillary count.
Reproduced from®® by the permission of the publisher American Thoracic Society
at the American Lung Association.

In a second experiment, in comparison to isoniazid the relative effi
cacy of various combinations with rifampicin of different durations was
evaluated. Mice received 1)six months of isoniazid, 2)hree months of
rifampicin plus isoniazid plus pyrazinamide, B)yee months of rifampicin,
or 4) two months of rifampicin plus pyrazinamideThe experiment was
calibrated in such a way as to ensure that viable bacilli remained-at ces
sation of therapy to allow their culture from spleen at cessation and after
a follow-up of a six-month period without treatmenfll rifampicin
combinations proved superior to isoniazid treatment for six months
(figure 86).9° The best combination was rifampicin plus pyrazinamide
(without isoniazid). Rifampicin alone for three months was also very
effective.
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Figure 86. Mouse model of latent tuberculous infection and efficacy of various
rifampicin combinations of preventive therapy on spleen bacillary count. Reproduced
from®0 by the permission of the publisher American Thoracic Society at the American
Lung Association.

Two types of studies are available to test the hypothesis in human sub
jects that rifampicin with or without isoniazid is first, efficacious, and sec
ond, equivalent or better than isoniazid alone, even if given for shorter
durations. The first type consists of comparisons of rifampicin and
rifampicin combinations with placebo, the second comparisons of rifampicin
and rifampicin combinations with isoniazid (equivalence studieshe
hypothesis and sample size requirements differ in the two approaches.

Rifampicin and rifampicin combinations in comparison
to placebo

Studies comparing rifampicin (and combinations) with placebo have been
carried out among patients with silicosis and patients with HIV infection
(figure 87)8e5:886.:892

In Kampala, Uganda, two arms had rifampicin-containing regimens.
Compared to placebo, daily rifampicin plus isoniazid for three months gave
60% protection among tuberculin-positive patients with HIV infection.
Rifampicin plus isoniazid plus pyrazinamide given daily for three months
offered 49% protectiofgs
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Figure 87. Protection against tuberculosis with rifampicin containing preventive
therapy among persons with HIV infection or silicosis.885886892

In the study on patients with silicosis in Hong Kong presented above,
in addition to the isoniazid (for six months) and placebo arms, twe addi
tional arms contained rifampicinOne of these consisted of twelve weeks
of rifampicin alone and the second of twelve weeks of rifampicin plus iso
niazid.822 All drugs were given daily. Rifampicin alone for twelve weeks
gave 46% protection. Rifampicin plus isoniazid for the same duration
offered 29% protection, with the confidence interval including zero.

In Lusaka, Zambia, a twice-weekly regimen of rifampicin plus pyraz
inamide given for three months gave 19% protection (the confidence inter
vals overlapping zero) against confirmed tuberculosis in HIV-infected
patientssss

Rifampicin and rifampicin combinations in comparison
to isoniazid

A few studies have provided information on the equivalence of rifampicin-
containing preventive chemotherapy with isoniazid preventive chermother
apy (figure 88)85892901.902 Again, these studies were carried out among
patients with risk factors (silicosis and HIV infection).

In Hong Kong, twelve weeks of rifampicin provided 44% protection
compared to six months of isoniazid, a statistically significant superiority,
while the 25% comparative effect of twelve weeks with rifampicin plus
iIsoniazid was not statistically different from the protection offered by iso
niazid.t®2 Thus, the overall protection against tuberculosis with preventive
chemotherapy among silicosis patients was relatively poor, and rifampicin
alone appeared to be superior to rifampicin plus isoniazid.
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Figure 88. Protection against tuberculosis with rifampicin containing preventive
therapy compared to isoniazid preventive therapy (equivalence studies) among per-
sons with HIV infection or silicosis.885:892,901.902

In Cité Soleil and Petit Place Cazeau, Haiti, patients with HIV infec
tion and a tuberculin skin test induration of five or more millimeters were
randomly assigned to receive either isoniazid for 24 weeks or rifampicin
plus pyrazinamide for eight weeR%. All drugs were given twice weekly,
the first weekly dose directly observed, the second self-administerad.
overall protection afforded by the rifampicin-containing regimen was minus
30%, with confidence intervals overlapping zer@uring the first ten
months after entry, the risk among isoniazid recipients was significantly
lower than among rifampicin recipients.

Similarly, in Lusaka, Zambia, isoniazid for six months gave better pro
tection than rifampicin plus pyrazinamide for three months, but the-confi
dence intervals were wide, the difference was not statistically significant,
and the protective effect from both arms was lost after two to three §fears.
The long-term evaluation showed that protection lasted for about two and
a half years and none of the regimens appeared to have an effect on HIV
progression or mortality??

In a multi-center study involving 53 treatment units in Brazil, Haiti,
Mexico, and the United States, a total of 1,583 HIV-infected patients were
randomized to receive either isoniazid for twelve months (control arm) or
rifampicin plus pyrazinamide for two months (experimental &)Among
the inclusion criteria were the presence of a tuberculin skin test reaction of
five or more millimeters of induration.For bacteriologically confirmed
cases, the relative protection of the two-month regimen was 33% for bac
teriologically confirmed, and five per cent for confirmed and probable cases.
The 95% confidence interval was reasonably narrow, overlapped zero, and
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thus suggested equivalence (the hypothesis of the study) between the two
regimens. Completion of therapy was superior in the experimental-com
pared to the control arm.

In the United States, preventive chemotherapy regimens using rifampicin
(plus pyrazinamide) of two to four months’ duration have been recom
mended®’ However, recent reports on fatal and severe hepatitis associ
ated with preventive therapy using rifampicin plus pyrazinafideave
led to a change of the recommendation and advising great caution in the
use of this combinatioff*

Effectiveness of preventive chemotherapy

There can be little doubt about the efficacy of preventive chemotherapy, at
least with isoniazid if given for twelve months to persons with tuberculous
infection without additional risk factors.There are indications that a reg
imen of nine months’ duration might still be similarly efficacious in reduc
ing the risk of tuberculosis.The efficacy of isoniazid in patients with risk
factors is much less well established, and many studies dealing with HIV-
infected patients suffer from inadequate sample sizésalso seems that
rifampicin-containing regimens of shorter duration can afford similay pro
tection, but the optimal duration and the role of companion drugs have not
been sufficiently well establishedA short-coming of most preventive
chemotherapy trials has been the self-administration of medications, thus
portraying more the effectiveness than the potential efficacy of the regimen
in question.

All studies that have evaluated that component have clearly demon
strated the adverse effect of non-adherence on the regimen’s efficacy, as
would be expected.This has been the case even in the setting of clinical
trials where adherence might be better than under daily operations within
the context of a national program.

Several studies have also demonstrated that the type of patients who
are selected for preventive chemotherapy is important, and that large num
bers may have to be treated to prevent a single case if the persons selected
have a low risk of tuberculosis.

In a simplified form, operational effectiveness can thus be summarized
as the product of tuberculosis risk given the presence of tuberculous infec
tion, the efficacy of the regimen, and adherence to the prescribed medica
tions. In a few examples, table 11 summarizes different situations and the
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Table 11. Preventive therapy - effectiveness. Effectiveness of preventive ther-
apy in dependence of risk of tuberculosis, efficacy of treatment regimen, and adher-
ence to the regimen. All parameters are shown as fractions. Risk of tuberculosis
is allowed to vary from 0.05 (estimated cumulative risk subsequent to the first five
years following infection) to 0.30 (estimated cumulative risk of a person dually infected
with M. tuberculosis and HIV).

Risk Efficacy Adherence Overall Number to treat
of tuberculosis of regimen  to treatment effectivenessto prevent 1 case
0.05 0.60 0.30 0.009 111
0.10 0.60 0.30 0.018 56
0.30 0.60 0.30 0.054 19
0.30 0.90 0.30 0.081 12
0.30 0.90 0.50 0.135 7
0.30 0.90 0.80 0.216 5

impact on overall operational effectivenesshe risks of tuberculosis shown
here are for persons with long-standing tuberculous infection, recently
acquired tuberculous infection and concomitant HIV infection (0.05, 0.10,
and 0.30 for the respective risks of tuberculosigfficacy examples have
been taken from isoniazid-preventive chemotherapy ranges, and adherence
has been made up to vary as might be expected among different patients
with a condition that is not symptomaticThe overall effectiveness is the
product of these three variables and the number of patients that must be
treated to prevent one case is the reciprocal value of effectivedss.
example shows that effectiveness will greatly vary depending on the selec
tion of patients, the type of regimen and the extent to which patients adhere
to treatment. Although reality is not quite as straightforward as in this
example (it assumes that each component proportionally reduces effective
ness), it may help in deciding under which circumstances preventive
chemotherapy is to be recommendedhe specific indication will depend

on the availability of resources, as the overall effectiveness is, under any
circumstance, relatively modestNot accounted for in this model is the
probability of tuberculous infection actually being present when a -“posi
tive” tuberculin skin test is recorded.

A study in Kampala, Uganda, ascertained the operational feasibility
and effectiveness of preventive chemotherapy in a high-risk population,
apparently motivated to attend voluntary testing sites for ¥4tV Among
patients who were found to be HIV-positive, only about 60% returned to
obtain their result and to receive counseling (figure 89) and of these only
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Figure 89. Operational feasibility of preventive therapy usage in a voluntary coun-
seling and testing site for HIV infection.90®

a small fraction was actually referred for evaluation of eligibility for- pre
ventive chemotherapy Quite obviously, the collaboration was poor despite
the study setting. Additional patients were lost for tuberculin testing and
reading, only a fraction of these were actually eligible for preventive
chemotherapy, and not all of those who were eligible were actually-adher
ent. Only three per cent of the initial cohort completed preventive
chemotherapy, and the efficacy was never assessed.

Indications and recommendations for the use
of preventive chemotherapy

It is apparent that the place preventive chemotherapy will have within the
context of a national tuberculosis control program will depend foremost on
the epidemiologic situation and on the availability of resourcBapid
improvement in the epidemiologic situation and sufficient resources often
go together, while the reverse is also the éése.

In industrialized countries embarking on strategies to eliminate-tuber
culosis, preventive chemotherapy will play an important role, yet the situ
ation is rather different in countries with a high or even increasing-tuber
culosis burden where resources are very tight even to secure the treatment
of all known cases of bacteriologically confirmed tuberculosis.

Within the context of resource availability, it should be considered that
the costs for isoniazid are probably of least concern in most settings.

145



Logistical problems may, however, impose substantial impediments in some
settings in low-income countriesOf critical importance is the capability

to exclude the presence of active tuberculosi$is is particularly the case

in adults, where the bacterial load of unrecognized tuberculosis might be
sufficiently high to favor selection of isoniazid-resistant mutants if monother
apy is being given. In the Uganda stud$® a sizeable portion of HIV-
infected patients who were examined had active pulmonary tuberculosis,
and not all had positive sputum smears on direct microscopic examination.
For good reasons, WHO has thus recommended that both sputum smear
microscopy and chest radiography are mandatory in HIV-infected patients
before commencing preventive chemotherépy.

The IUATLD limits the recommendations for preventive chemether
apy in low-income countries to asymptomatic children under the age of five
years who live in the same household as a newly discovered sputum smear-
positive casé. This is a group of persons with a high risk of becoming
infected because of the closeness of contd&teventive chemotherapy (or
prophylactic treatment in the portion of children who have escaped infec
tion) can be administered without prior investigation except for a clinical
assessment of healthEven in the presence of an asymptomatic primary
complex, the bacillary load will be too small in such children to pose the
problem of selecting isoniazid-resistant bacillChe drug of choice is iso
niazid (5 mg/kg body weight), as it is the least expensive and the drug with
which there is most experiencelhe duration of treatment might be prag
matically adjusted to the length of the tuberculosis treatment regimen pre
scribed for the index person, i.e., between six and twelve months.

For national programs wishing to expand their preventive chemother
apy program to other risk groups, the above measures to exclude active
tuberculosis before initiating preventive chemotherapy should be strictly
enforced.
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Appendix 1
Adjunctive treatment

Adjunctive therapy with corticosteroids

The role of corticosteroids in the treatment of tuberculosis is not precisely
known and the opinion concerning their use in different clinical situations
Is often somewhat controversialThe available evidence for and against
their use is reviewed here, following the extensive review by Doeley
al., %8 supplemented by additional reports.

Pulmonary tuberculosis

The value of corticosteroids in the treatment of pulmonary tuberculosis has
been evaluated in several controlled tri&b20

Sputum conversion was not affected by corticosteroid therapy in any
of these studies; early sputum conversion was faster in the control group
in one study and faster in the corticosteroid group in another.

On the other hand, clinical and radiologic improvement was generally
more rapid in the corticosteroid treated group, particularly among the more
seriously ill patients. In the United States Public Health Service trial, pred
nisolone produced more frequent and more rapid radiologic clearing of the
infiltrate in black patients, but was of no benefit in white patiéts.

In the five-year follow up of the United States Veterans Administration
study, patients treated with corticosteroids were less likely to have died due
to relapse of their tuberculosis, or due to respiratory illnesses such as bron
chitis, respiratory insufficiency, or pneumorid.

A controlled clinical trial from Indi&®° is significant in two ways.
First, it is the only study using corticosteroids as adjunct therapy together
with rifampicin-containing regimensSecond, it revealed that patients treated
with corticosteroids who had strains initially resistant to isoniazid and-strep
tomycin had a poorer bacteriologic response than those not treated with
steroids. The deleterious effect of steroids in patients with sub-optimal
chemotherapy had been observed ea¥tierThis had previously been shown
in animal models as weft2923and is not unexpected.
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In an uncontrolled study in Zambia, HIV-infected patients treated for
tuberculosis who had adjunct therapy with corticosteroids developed her
pes zoster and Kaposi's sarcoma significantly more often, while general
ized lymphadenopathy improveg:.

The routine use of corticosteroids as adjunct therapy for pulmonary
tuberculosis cannot, therefore, be recommendbdaddition to the multi
tude of known adverse effects directly related to steroid use, in tropical
countries parasitic infestation is common and corticosteroids in such patients
may precipitate disseminatiéf and abscesses®

The indication for the use of corticosteroids in pulmonary tuberculosis
should be restricted to patients so seriously ill that their prognosis is judged
to be very poor and thus the steroids are potentially life-saviig.

Extrapulmonary tuberculosis

Tuberculosis of serous membranes

Pleural tuberculosis

A number of studies have been reported evaluating the use of corticos
teroids in pleural tuberculosfs-937 Not all of the studies were conducted
with the same rigor and only eight provide sufficient information for an
adequate evaluatiof78-933.936,937

Most studies showed a more rapid resolution of effusions in those
given corticosteroids. In the studies that evaluated residual pleural thick
ening as the crucial endpoint, three found less thickening in the steroid
treated groupp®*32and two found no difference between placebo and steroid
treated groupg36.937

From these studies it would appear that the value of corticosteroids in
the treatment of pleural effusion is doubtfulVeighted against the possi
ble adverse effects, steroids should probably not be routinely used in tuber
culous pleural effusion.

Pericardial tuberculosis

The efficacy of corticosteroid therapy for tuberculous pericarditis may dif
fer for the different physiological stages of the disease (effusive, effusive-
constrictive, and constrictivéY® Several retrospective studies fail to address
these points and lack well-defined endpoiii$3° In a retrospective study
addressing the critical issue of stage of disease, patients on corticosteroids
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had a more rapid decrease in pericardial effusion as compared to those not
given corticosteroidg*

Prospective studies evaluating the use of corticosteroids in the treat
ment of tuberculous pericarditis were conducted in the Transkei area of
South Africa?194 These studies showed that fewer patients with acute
effusive pericarditis on corticosteroids required repeated draittagead
patients with effusive-constrictive pericarditis had faster improventént.

In neither study were there differences in constriction, but among patients
with acute effusive pericarditis, corticosteroid recipients had a lower risk
of death. Among HIV-infected patients in Harare, Zimbabwe, cortico-
steroids significantly reduced case fatafty.

From these studies it would seem that adjuvant treatment with cortico-
steroids is indicated in patients with pericardial tuberculosis.

Peritoneal tuberculosis

Because of the similarity in the pathogenesis of peritoneal and pericardial
tuberculosis, both involving serous membranes, a beneficial effect of corti
costeroid use in peritoneal tuberculosis similar to that in pericardial- tuber
culosis might be expecté& Alternatively one may argue that tuberculous
peritonitis is more similar to tuberculous pleurisin a retrospective study
from Saudi Arabia, the frequency of recurrent abdominal pain and- emer
gency department visits were used as endpoints to compare the usefulness
of corticosteroid adjunctive theragy. Corticosteroids appeared to have an
effect in reducing the frequency of these eventsowever, as the study
was a retrospective evaluation of a case series comparing patients who were
given corticosteroid therapy with patients who had not received corticos
teroids, it is not possible to draw firm conclusionA. prospective trial, allo
cating patients to a three-month course with either prednisone or placebo,
was carried out with death and intestinal obstruction evaluated as end
points ¢ Corticosteroid-treated patients fared better, but the small sample
size did not detect a significant difference in the frequency of these events.
The evidence for the usefulness of corticosteroid treatment as adjunc
tive treatment in peritoneal tuberculosis is sufficiently convincing te rec
ommend its routine use.

Meningeal tuberculosis

Adjunctive treatment with corticosteroids in meningeal tuberculosis has been
widely reported?9-964 However, not all of the published reports were
prospective, controlled trials.
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In none of the nine prospective trials was treatment outcome worse in
the group treated with corticosteroids, as compared to the control gRwp.
vival in the corticosteroid treated group was improved in PO{f60.961.964
tended to be better in orfé3 and was not better in foup>956.959,964
Fewer sequelae in the corticosteroid-treated group were found in four stud
ies_959,960,963,964

Studies that looked at the stage of disease and the effects of eorticos
teroids found a lack of effect in mild and terminal disease stages (assessed
by the degree of neurologic impairment), but a significant benefit for patients
with intermediate disease stafj&?7.9%60 One of these studi&s determined
that there was no difference in treatment outcome between doses of 1 mg
and 10 mg of dexamethasond&he duration of corticosteroid treatment in
this study was one month.

There is sufficient evidence to recommend the use of corticosteroids
in moderate to severe meningeal and cerebral tuberculosis to impreve sur
vival, although not all patients will benefit from adjunctive corticosteroid
treatment.

Corticosteroid treatment in other forms of tuberculosis

Corticosteroids have been given for other forms of tuberculosis.

In the treatment of endobronchial tuberculosis, adjunctive therapy with
corticosteroids has been shown to be beneffé¥&F® In children with
bronchial obstruction due to hilar lymphadenopathy, resolution of symp
toms was faster and complications less frequent in corticosteroid-treated
children compared to controfé’

Patients with peripheral lymphatic tuberculosis are known to frequently
develop new nodes and draining abscesses during chemotherapy which are
bacteriologically sterile and thought to represent an immunologic re&gtion.

It would be desirable to evaluate the potential usefulness of adjunctive cor
ticosteroid treatment, yet no controlled trial has investigated this issue.

The use of corticosteroids in the treatment of genitourinary tuberculo
sis has been reportéé,*°but the design of the studies was insufficient to
draw conclusion on their efficacy in reducing ureteral strictures.

The role of surgery in the chemotherapy era

Surgery has played a major role in the history of treatment of tuberculo
sis, and thoracic surgery was actually largely developed around the treat
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ment of pulmonary tuberculosis?°70971 Efficacious chemotherapy has
removed the need for surgical intervention in the routine treatment of
patients.

The usual indications for surgery in the treatment of tuberculosis are
for the treatment of complications. This is true for pyopneumothorax, res
piratory distress due to massive pleural effusion, extensive restrictive pleural
thickening, restrictive pericarditis, obstructive hydrocephalus, long-traet neu
rological signs in tuberculous spondylitis, and ureteral obstructibhere
are, with the exception of extensive drug resistance, virtually no indications
for surgery for primary treatment of tuberculosi$he guidelines for such
surgery follow those for any other cause of such complications.

In industrialized countries, surgery has also been used with some suc
cess as an adjunct in patients with strains resistant to all or virtually all
medications?’2976  Such services are not usually available in national tuber
culosis control programs of low-income countries, and are fortunately still
rarely needed in most countries.

What will be summarized here are indications that are frequent and
do not require sophisticated surgical procedures.

Surgical treatment in respiratory tract tuberculosis

Tuberculous pyopneumothorax

The development of an empyema or, more precisely, a tuberculous pyo-
pneumothorax is a well-recognized complication in patients with cavitary
tuberculosis whose cavities are located near the pRUt&. In such
patients, penetration of anti-tuberculosis medications into the pleural space
and the empyema might be sub-optimal and may even lead to acquisition
of drug resistancé”® Furthermore, in contrast to pleural effusions, resorp
tion of an empyema is less likely to occur, thus draining of the pus 4is usu
ally indicated.

In the field, the most simple and effective approach is insertion of a
drain, laid in such a way that it leads over two or three ribs before pene
trating into the pleural spaceThe drain should be sutured to the skin.
The patient is offered a bed that is about one meter above the floor, and
the drainage is led into a bottle filled with water serving as a water lock.
In patients whose entire lung is collapsed, full expansion of the lung can
be expected, often leaving pleural thickening, howevAs decortication
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is not usually an option, this is the best possible result that might be expected
in such cases.

Pleural tuberculosis

Massive pleural effusions often require draining to relieve the patient from
respiratory distress.Care should be taken not to drain more than about
one liter in a single session to prevent cardiovascular and electrolyte dis
turbances. Accompanied by adequate chemotherapy, resolution of the accu
mulated fluid is usually prompt.Some authorities recommend complete
draining of the effusion?” but it is uncertain whether this is really required.

Surgical treatment in tuberculosis of the spine

As previously shown (Chapter 1), chemotherapy alone of tuberculosis of
the spine yields excellent result©nly the “radical Hong Kong operation”
improves the results of chemotherapy somewhat, but not importani¥y so.
Because of the sophistication required, this procedure is beyond the capac
ity in the periphery of national programs where adequate chemotherapy
alone is the key to success.

Superficial abscess might be drained by needle aspiration, but might
also recur after the proceduf®.
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Appendix 2
Active agents other
than essential drugs and drug classes
(second-line drugs)

Numerous drugs other than the first-line anti-tuberculosis drugs discussed
in Chapter 1, and often called “second-line drugs”, have shown activity
againstM. tuberculosis Generally, these medications are less efficacious,
associated with a higher frequency of adverse drug events, and are more
expensive. In most low-income countries, these drugs are not routinely
available in national programsWhere they are, their use is best limited
to specialists with experience in dealing with adverse drug events.
Nevertheless, the global emergence of multidrug resistance (resistance
to at least isoniazid and rifampicin) has brought up the discussion about
their use on a wider scaf607-609611981-983 For this reason, brief summaries
of these drugs are presented here.

Aminoglycosides (other than streptomycin)

Amikacin

Amikacin is a semi-synthetic aminoglycoside, synthesized by Kawaguchi
and collaborators through acetylation of the 1-aminogroup of the 2-desox
istreptamine moiety of kanamycin A at the Bristol-Banyu research kabora
tories in Japari®* and reported in 19725

Amikacin has broad activity, particularly against gram-negative bacte
ria%s and is active againdtl. tuberculosis®®” Some researchers have found
it to be usually more active againskt tuberculosisthan other aminogly
cosides??4283  Cross-resistance with other aminoglycosides may o#éur,
and is particularly frequent with kanamycin, and incomplete with the
polypeptide capreomyciff®é Amikacin is frequently active against strep
tomycin-resistant strains ®fl. tuberculosis®®® However, it appears to have
little early bactericidal activity?®© Like other aminoglycosides, amikacin
is not absorbed orally and the usual route of administration is intramuscu
lar or intravenous, at a dose of 7.5 mg/kg to 15 mg/kg (depending on the
dosage interval).
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Like other aminoglycosides, amikacin affects the neuromuscular junc
tion and may lead to neuromuscular block&délo®tan effect that may
be reduced by lithiund9? but not reversed by neostigmine.

Indomethacin may interact with amikacin in newborns by increasing
serum levels to toxic concentratio?f8. Neurotoxicity might be increased
by muscle relaxants such as tubocourarine, succinylcholine or decametho
nium.

Kanamycin

Kanamycin was isolated frorBtreptomyces kanamycetichy Umezawa
and collaborators in 19574 It is a mixture of kanamycin A, B, and ©:%7

Kanamycin is active against a range of gram-negative bacteria and
mycobacteria includingW. tuberculosis®®

Kanamycin is not absorbed orally, but intramuscular administration
leads to peak serum levels within an hour and the serum half-life is about
four to six hours?®® It is mainly excreted through the kidneys and thus,
as with all aminoglycosides, dose adjustments are warranted in patients with
renal failure?s

The usual dosage of kanamycin is 0.5 g to 1 g per°tay.

Similar to other aminoglycosides, eighth cranial nerve toxicity is the
most important. Auditory toxicity is more pronounced than vestibular-tox
icity 998 and is very frequent, affecting up to 20% of patients after three
months, and up to 60% if treatment lasts for six moffthsLike other
aminoglycosides, kanamycin may cause neuromuscular bloé¢kadether
adverse drug events include renal toxicity and, rarely, alleféfies.

As with other aminoglycosides, resistance is thought to be acquired
through a single extrachromosomal plasmid factor with multi-step -selec
tion.100 Capreomycin resistant strains are not usually resistant to
kanamycin4’® The inverse seems to be the case for low, but not for high
kanamycin resistancg&®

Capreomycin

Capreomycin, a polypeptide antibiotic, was isolated fmeptomyces capre
olus by Herr and collaborators at the Lilly Research Laboratories in 959.

Capreomycin is active against various species of mycobacteria,-includ
ing M. tuberculosis!0021003
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Similar to aminoglycosides, capreomycin causes auditory, vestibular,
and renal toxicity%* Also like aminoglycosides, it is not orally absorbed
and the usual administration is intramusculdRare adverse drug events
include hypokalemig?®+

Cross-resistance between kanamycin and capreomycin is incofigiete.

Cycloserine

Cycloserine (originally called orientomycin) was first isolated in 1952 from
a Streptomycestrain, designated strain K-300 by Kurosal#a. The iden

tity with the compound discovered two years later in the United States was
elucidated by Shoj%7 and Mitui and Imaizumi in 1957 but not before
Lederle Laboratories also isolated the compound and recognized its iden
tity with oxamycin, isolated by the Merck Laboratorié®;011and the Pfizer
Laboratories which also isolated the compoid. Cycloserine can be iso
lated fromStreptomyces orchidaceuS. garyphalusor S. lavendulae

Cycloserine is active again$f. tuberculosisand several species of
gram-positive bacteri?os

Cycloserine inhibits cell wall synthe$#31014 by inhibiting the syn
thesis of peptidoglycan by blocking action of D-alanine racemase and D-
alanine:alanine synthage.

Cycloserine is rapidly absorbed after oral administration, with a peak
serum level of 10 to 50 mg/L following administration of 0.75 g to 1g
after 0.5 to 4 hours.

The usual dosage is two to three times daily (250 mg/#&yhut it
Is often given as a single dose.

The main adverse drug events due to cycloserine are neurologic and
psychiatric159.1016-1022g]though it has also been used in the treatment of men
tally ill tuberculosis patients without observation of major mental toxic
ity. 1923 In a summary of several reports, cycloserine toxic adverse drug
events were reported in over 2098 Most frequently reported or observed
were vertigo and disorientationNeuropsychiatric changes including drowsi
ness, slurred speech, psychoses, epileptiform reactires well as elec
troencephalographic changes and coma, were frequently ndteske effects
of cycloserine are probably due to an interaction with the action of some
monoamine oxidase inhibitors, as shown in experimental aniffals.

Cardiac depression, pareses, paresthesias and headache, pruritic rashes,
drug fever, liver enzyme elevations, and gastrointestinal disturbances were less
frequently reported adverse drug evenSmaller doses, and administration
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twice rather than once per day, reduce the frequency of adverse drug events.
Stevens-Johnson syndrome has been reported in an HIV-infected {Fétient.
Cycloserine appears to interact with alcohol, increasing the toxic effects
of alcohol 1026
Determination of resistance to cycloserine is difficult, and the corre
spondence of laboratory results with clinical data is poor (figuré®0).
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Figure 90. Proportion of strains of M. tuberculosis from resected lungs, in vitro
resistant to anti-tuberculosis drugs, as a function of duration of treatment, the strain
containing no susceptible organisms. Reproduced from“e® by the permission of the
publisher American Thoracic Society at the American Lung Association.

Para-aminosalicylic acid

In 1940, Bernheim demonstrated that salicylic acid and benzoic acid
increased the oxygen consumption and carbon dioxide production of
M. tuberculosist®?” Based on these observations, Lehmann investigated
more than 50 derivatives of benzoic acid with the purpose of finding-a sub
stance possessing activities agaMstuberculosis The most active com
pound he identified in the experiments was para-aminosalicylic acid, first
published as preliminary results in the Lancet in 1946.Soon thereafter

the first reports appeared, demonstrating its considerable anti-tuberculosis
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activity in experimental model®¢ The use of para-aminosalicylic acid
became a core component in early combination therapy until its replace
ment by the better tolerated ethambutal.

It is likely that para-aminosalicylic acid, and not streptomycin, was the
first anti-tuberculosis drug tested specifically agaMstuberculosisas sug
gested in an editori#?® and correspondence of Lehman (reproduced with
the permission of the South African Medical Jourriéf)1031

“Dear Dr Dubovsky,

Your letter to the Director of the Central Laboratory at Sahlgrens
Hospital was forwarded to melt was the most remarkable letter |
have received for many yearsyou are the first outside Sweden who
has paid attention to the fact that PAS was in clinical use before strep
tomycin, eight months before ... Perhaps you wonder why | published
the first paper on PAS so long after it was taken in clinical uShe
reason was that as Ferrosan, a small company, had not taken out a
patent on PAS, | didn’t dare to publish the formula on PAS as other
greater companies could take over the production of PAS ..”

The MIC of M. tuberculosisis 1 mg/L.1032

In analogy with the observation that benzoic acid inhibits the respira
tion of tubercle bacillt°?” para-aminosalicylic acid might be built into co-
enzyme F of the bacterium instead of para-aminobenzoic acid, and thereby
inhibit growth.430

Maximum serum concentrations with twice 4 g granular para-amino
salicylic acid are achieved within five to eight hours and remain above the
minimum inhibitory concentration over the entire dosing intei4l.

The granular form of para-aminosalicylic acid is better tolerated than
the previously used tablet formA dosage of 4 g twice daily of the gran
ular form produces serum concentrations above the minimum inhibitory
concentration over the entire dosing interi?8®. Good experiences with
infusion therapy have also been reporég.

Para-aminosalicylic acid has been an unpleasant drug to take because
of the bulk required and the frequency of adverse drug ev&nishich
include gastrointestinal and cutaneous adverse drug eVént®ara-ami-
nosalicylic acid may cause hypothyroidi$?,13” and intestinal mal-
absorpion.10381039  Among hematologic changes are thrombocytopenia in
adultste40.1041gnd childrento42

Para-aminosalicylic acid has been reported to increase isoniazid blood
levels 10431045 |t may cause hypoglycemia in diabetié$
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Quinolones

Quinolones have a potential in the treatment of susceptible and drug-resis
tant tuberculosis. Quinolones that have been considered include
ciprofloxacin,1047-1056 clinafloxacin,!5! difloxacin,%%5 enoxacinioss flerox-
acin 1057 gatifloxacin 1958 |evofloxacin 1051.1058-1060]omefloxacin 19611062 mox-
ifloxacin, 10611063 norfloxacin 1955 ofloxacin,1051.1053-1055,1064-106&tafloxacin 1058
sparfloxacin®s! temafloxacini®®t and tosufloxacint®! Most clinical expe
rience has been accumulated with ofloxacin and ciprofloxaGome of
the quinolones have little or no activity agaittuberculosis while the
potential of others is far great&®?

Fluoroquinolones inhibit DNA gyrase dfl. tuberculosis!?

The MICs of ciprofloxacin and ofloxacin are well below levels that
can be achieved in serui#¥* The early bactericidal activity of ciprofloxacin
is, however, not as pronounced as that of isoni#zécand is inferior to
that of ofloxacin?’ Clinically, there is anecdotal evidence that even pro
longed ciprofloxacin may not prevent reactivation of tubercul®sis.

Ciprofloxacin levels in bronchial biopsy specimens exceed those in the
serum, indicating an accumulation of the compound in the lung
parenchyma?s2

A dosage of 600 mg to 800 mg ofloxacin per day has been used suc
cessfully 1067

In animals, quinolones induce changes in immature articular cartilage
of weight-bearing joints, but these concerns have not been substantiated in
children and adolescent¥® However, cases of arthropathy from ofloxacin
among adults have been reportéd.

Antacids appear to lower serum concentrations of quinol&yies.

Resistance to fluoroquinolones arises rapidly, and cross-resistance
between quinolones is the rul& The most common cause of resistance
results from mutations in thgyrA gene encoding the DNA gyra$€? an
enzyme required for replication and gene transcripfin.Quinolones should
be used in combination with at least two other anti-tuberculosis drugs, as
resistance might develop rapidly in a large proportion of patiéfits.

Rifamycins other than rifampicin

Rifabutin

Rifabutin is a semi-synthetic spiropiperidyl derivative of rifamycii®’s,
which was synthesized in the research laboratories of Farmitalia Carlo Erba
by Marsili et al; its synthesis was announced in 1981.
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Rifabutin is active against a wide range of microorganisms, including
gram-negative and gram-positive bacteria, and mycobacf&tid’® In par
ticular, among mycobacteria, it is more active against environmental species
that are naturally resistant to rifampicit91%including M. avium com-
plex.1081-1085 \While there is considerable cross-resistance with rifampicin,
it is also active against a relative small subseMotuberculosisstrains
that have low resistance to rifampicit¥ However, this proportion is too
small to make it a generally useful drug in rifampicin-resistant diségse.
Treatment results among patients with drug-susceptible organisms are sim
ilar to those obtained with rifampicitté’-1989 However, studies on early
bactericidal activity suggest that it is less active on extracellular bacilli than
rifampicin.109

Rifabutin is more lipid soluble than rifampicin, thus tissue penetration
is superiori®® |t has a longer terminal half-life, and is extensively metab
olized.1091

The daily (and twice-weekly) recommended dosage of rifabutin is
5 mg/kg body weigh#®”

Adverse drug events reported with rifabutin treatment are similar to
those with rifampicin treatment and include rash, hepatitis, fever, throm
bocytopenia, orange-colored body fluids, arthralgia, uveitis, and leukope
nia.s710% Some of these reactions may be potentiated through the inter
action with anti-retroviral protease inhibitors.

Rifabutin induces hepatic metabolism, but not as markedly as
rifampicin.1%1 |t does not affect the pharmacokinetics of antiretroviral drugs
that are excreted in the urid®! A number of results from interaction stud
les show that rifabutin is a less potent inducer of the cytochrome P-450 fam
ily, and thus causes fewer clinically significant interactions than rifamiein,
or they are less pronouncéd. In particular, interactions with protease
inhibitors are generally less than with rifampié#hi®®and it is the rifamycin
of choice for patients receiving highly active anti-retroviral therapy.

Resistance in sub-inhibitory concentrations is less rapidly acquired than
with rifampicin.t0®  Similar to rifampicin, acquisition of resistance is-fre
guently accompanied by mutations in tip®B genel® However, up to
20% of rifampicin-resistant mutants with mutations in theB gene are
susceptible to rifabutid®® This difference is not due to additional mech
anisms of resistance, it is just that some of the mutations selected by
rifampicin do not sufficiently modify thepoB structure as to render this
protein resistant to rifabutin (Telenti A, personal written communication,
March 15, 2001).
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Rifapentine

Rifapentine (cyclopentyl rifamycin SV) is a semisynthetic derivative of
rifampicin, synthesized at the Lepetit laboratories in Italys properties
were first described in a publication in 198Y"

Rifapentine is comparable in its spectrum of activity to that of
rifampicin.109%8.109 |t js active in the experimental mouse model both against
latent infection withM. tuberculosig'® and clinical active diseasé!

Rifapentine is an RNA synthesis inhibitor like rifampié&®

The most conspicuous property of rifapentine is shown in a compari
son of its pharmacokinetics with rifampicinThe serum elimination half-
life is much longer in rifapentiné than rifampicin (figure 91)8* The
serum elimination half-lifef,, is 14 to 18 hourg}°211%and is similar in
adults and adolescent®* Intrapulmonary concentrations of rifapentine are
below those in serurtt® In contrast to rifampicin, higher peak levels are
achieved following food intake than after fastitég Pharmacokinetics are
not influenced by HIV statu&l®2 A key issue that needs to be addressed
Is its high degree of plasma binding, which might require higher dosages
than used so far.

The usual dosage is currently 600 mg twice-weékiy. However,
higher doses are now being studied.
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Figure 91. Comparative pharmacokinetics of rifampicin and rifapentine.
Reproduced from11192 by the permission of the publisher ASM Press.
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Adverse drug events similar to those associated with the use of
rifampicin have been reporteéP?

Interactions that are expected most likely resemble those with
rifampicin.

The pattern and mechanism of resistance to rifapentine is identical to
that of rifampicin.

Thioamides

Following on from the discovery of the pyridine-containing isoniazid, numer
ous pyridine derivatives were tested, and the activity of thio-isonicotinamide
againstM. tuberculosiswas found by several group®¢1197 ethionamide,

one of these thioamides, was introduced by the group of Liberman, Rist,
and Grumbacli106-1108

Thioamides are active againkt. tuberculosisand to a lesser extent
against other mycobacteri&?

The mechanism of action of ethionamide is, like isoniazid, at the level
of synthesis of mycolic acid$.

Prothionamide is rapidly absorbed and rapidly excré&t®dlherefore,
the daily dosage is usually divided into two doséshionamide has excel
lent penetration into cerebrospinal flILA®.

The usual dosage of both ethionamide and prothionamide is 500 to
1,000 mg per day, divided into two dosés.

The most important adverse drug event from thioamides are gastroin
testinal disturbances and hepatotoxicity#:111° It also appears to potentiate
the hypothyroid effect of para-aminosalicylic aciComparisons between
ethionamide and prothionamide seem to indicate that the latter might be less
toxic than the formei!111120though the difference might not be important.

Although isoniazid and thioamide have the same parent compound,
isonicotinic acid, isoniazid-resistant bacilli are often susceptible to ethion
amide 1108

Drugs and drug classes with potential activity against
M. tuberculosisunder investigation and development

There can be little doubt about the necessity for the development of new

anti-tuberculosis medications, given the limited amount of available
choices!t2t The Global Alliance for Tuberculosis Drug Development has
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published a scientific blueprint for drug development that should assist in
overcoming some of the barriers that impede the development, testing, and
marketing of new compound&s®

Among the currently most promising candidates are long-acting
rifamycins and fluoroquinolones (discussed above), oxazolidinone com
pounds, and nitroimidazopyransThese and some other compounds under
investigation are briefly summarized here.

Acetamides

Acetamides belong to a new class of compounds designed to inhilfit the
ketoacyl synthase reaction of fatty acid synthesis in mycobactétia.
Because of their specific target, they exhibit virtually no activity against
microorganisms other than mycobacteridhe MICs of the most potent
compounds compare to those obtained with the most efficacious first-line
drugs i1

Amoxicillin plus clavulanic acid

M. tuberculosispossesses a beta-lactamase that might be responsible for its
natural resistance to beta-lactam antibioti€s!2> Thus, beta-lactam antibi

otics are essentially inactive against tubercle bacilavulanic acid is a
beta-lactamase blocker and, if given simultaneously with amoxicillin, makes
the latter active against beta-lactam producing microorganishigs com
bination has also been proposed and used in the treatment of drug-resistant
tuberculosist126.1127

Amoxicillin was synthesized in the Beecham Research Laboratories,
patented in 1964, and described for the first time in 1978/#1.2°

The addition of clavulanic acid to amoxicillin has shawrvitro activ-
ity againstM. tuberculosis!30-1133 Since then, several reports have appeared
demonstrating successes in the treatment of patients with multidrug-resis
tant tuberculosis who also received amoxicillin plus clavulanic &&ds”

The daily dosage might be 2 g of the combinatién.

The most important adverse drug event seen with beta-lactam- antibi
otics are hypersensitivity reactions, which might be immediate (urticaria,
laryngeal edema, bronchospasm, hypotension, or local swelling), late (mor
billiform rashes, serum sickness, or urticaria), or other than late reactions
(toxic epidermal necrolysis, interstitial nephritis, pulmonary infiltration; vas
culitis, hemolytic anemia, neutropenia, or thrombocytopetifa).
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Clarithromycin

Erythromycin, the prototype of the macrolide antibiotics, was first used to
treat infections in 195213
Clarithromycin is a macrolide that differs from erythromycin by the
methylation of the hydroxyl group at position 6 on the lactone ¥ittg.
Clarithromycin has a wide anti-bacterial spectrum that includes
mycobacteriall3211391141-1147 Most frequently it has been used as prephy
lactic agent or against disease caused/bgviumcomplex1147-1154 \While
it shows in vitro activity againstM. tuberculosiscomplex in human
macrophages!*> the concentrations needed to inhibit growth appear to
exceed those achievable in the serum and lung tissue of hd#farishas
therefore not been widely used in the treatment of tuberculosis.
Clarithromycin is usually rapidly absorbed and reacheg &ter two
to three hoursi“® Its serum elimination half lifef, is 2.5 to 5 hours.
It undergoes extensive hepatic metabolisfBecause of its predominant
renal excretion, dose adjustment might be necessary in patients with severe
renal impairment140
Twice-daily 500 mg clarithromycin in AIDS patients was well toeler
ated, preventedV. avium complex disease and reduced mortalityf. In
the treatment oM. aviumcomplex disease, a dosage of twice daily 1,000 mg
has been givehl49.1156

Fullerene derivatives

Fullerenes show an absolute lack of solubility in any polar solvent, and
covalent attachment of solubilizing chains was therefore developed; result
ing in the formation of water-soluble fulleropyrrolidings? Certain such
lonic fullerene derivatives have shown equally good activity against both
susceptible and multidrug-resistant isolatesviotuberculosis

Nitroimidazopyrans

A series of nitroimidazopyrans, originally investigated as radiosensitizers
for use in cancer chemotherapy® were shown to havén vitro and in

vivo activity againstM. tuberculosis'!41115 However, the original com
pounds were shown to be mutageHfe. Newer derivatives showed sub
stantial activity againsil. tuberculosisand lacked the mutagenicity shown
previously with bicyclic nitroimidazole$! There is considerablie vivo
activity in the mouse model against tuberculosis,which is comparable
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to that of isoniazid62 It appears that the action is on both protein and
lipid synthesis!!6t inhibiting fatty acid and mycolic acid synthegig?

Similar to the nitroimidazoles (to which metronidazole belongs),-nitro
furans show substantiah vitro bactericidal activity against bacilli held in
a hypoxic stationary phasés

Because the recently synthesized nitroimidazopyran compound acts
against multidrug-resistant tubercle bacili! it might prove a valuable
agent in the future.

Oxazolidinones

Oxazolidinones are a class of protein synthesis inhibitors and include line
zolid and eperezolid651166

Oxazolidinones have promising activity against a range of microor
ganisms including, and other thav, tuberculosis!!6

Oxazolidinones appear to inhibit a step in the protein synth&sidt
has been proposed that they inhibit protein synthesis by binding to the 50S
ribosomal subunit!e8

In experimental animals, oxazlidinones appear to be rapidly absBfbed.

Paromomycin

Paromomycin is an aminocyclosidic antibiotic complex, isolated f&m
rimosusforma paromomycinusn 1959 in the Parke-Davies laboratofiés
in the same year as aminosidin was isolated ffmhrestomyceticus
the Farmitalia laboratorieslt is also identical to catenulin, which was-iso
lated fromS. catenulagn 1952 in the Pfizer laboratoriesParomomycin
is an antibiotic complex consisting of at least six antibiotics, and belongs
to the neomycin family170

Its potential in the treatment of tuberculosis lies with the advantage
that there is little cross-resistance with either streptomycin or with amikacin/
kanamycin. Its early bactericidal activity indicates that it is at least as
effective as amikacidl™® Its toxicity (similar to that of neomycin) may,
however, preclude its prolonged parenteral use.

Phenothiazines

Phenothiazines are derivatives of methylene blue and are used in the man
agement of psychosisOriginally, Paul Ehrlich had reported that methyl
ene blue immobilized bacteria, and their evaluation as potential antimicro
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bial agents was thus only natufai>'17+ However, the concentrations
needed to exert activity by far exceed what is achievable within the non-
toxic range. The argument for considering phenothiazines for the-treat
ment of tuberculosis stems from the fact that pulmonary macrophages con
centrate chlorpromazine (the first phenothiazine developed) 100-fold above
what is found in plasma, concentrations that are active against mycobacte
ria in vitro172andin vivo.1175 Thioridazine, a well tolerated phenothiazine,
has been shown to be active against both susceptible and resistant tubercle
bacilli. 11761178 Chlorpromazine has a titrable ability to slow the growth of
intracellular tubercle bacillin vitro.117® Phenothiazines have not yet been
tested for their activity against tuberculosis in humans.

Tuberactinomycin

Tuberactinomycin, a polypeptide, was isolated in the Toyo Jozo research
laboratories in Japan fronStreptomyces griseoverticullatuar. tuberactt

cusin 196618 and was shown to be active against both kanamyci-sus
ceptible and -resistant strai@$1182 Tuberactinomycin-N was semisyn
thetically derived from this compound and found to have stronger
antimycobacterial activity and to be associated with less ototoxXiéiis

Its use has been largely limited to East Asia, where it was found to be a
useful alternative to capreomycin in the treatment of multidrug-resistant,
aminoglycoside-resistant tuberculosis.
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Appendix 3
Current vaccine development strategies

The incomplete protection that BCG provides against tuberculosis and its
dismally disappointing effects in some areas have challenged researchers to
develop a vaccine with better and more consistent performalés.uncer

tain whether a much better vaccine can be developed in the near future, as
the development of vaccines against bacteria that do not exert their patho
genicity through toxins has been fraught with difficultie¥accine devel
opment strategies currently being pursued incliée:1s8

* Immunotherapy;

* Vaccination with saprophytic (environmental) mycobacteria;
*  Auxotrophs;

* DNA vaccines;

* Recombinants;

e Subunits.

Immunotherapy with M. vaccae

M. vaccaeis an environmental mycobacterium not known to cause disease
in humans. A killed suspension oM. vaccaehas been proposed, not to
vaccinate against future tuberculosis, but to increase therapeutic response
in the treatment of clinically manifest tuberculo&i%.

Numerous anecdotes have been published to illustrate its putative
effects, but a clinical trial utilizing rigorous scientific standards has not
shown any beneficial effect in addition to chemotherapy al&ie Another
controlled clinical trial indicates that immunotherapy with vaccaemay
be effective. In that trial, sputum culture conversion at one month (but
not at two months) was significantly higher among persons receWingc
cae compared to controls. In addition, radiographic improvement was
swifter.1191 In yet another trial, no relevant differences during treatment
and a four-year follow-up were fourié?
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However, an effect is difficult to demonstrate in the case of fully drug-
susceptible tuberculosis, which responds superbly to chemotheh&jmat
IS perhaps needed is to study its value in the treatment of multiple drug-
resistant tuberculosis, where the unequivocal outcome of death is a frequent
enough event to permit a more definitive evaluation of the claims for
improved immunologic response.

Vaccination with saprophytic (environmental) mycobacteria

The experiments by Palmer and Long have shown that various species of
environmental mycobacteria provide some protection against experimental
tuberculosis, but to different degrees and never exceeding that offBCG.
As mentioned above, the trial in the United Kingdom and the observations
in Malawi have lent further credibility to the hypothesis that certain-envi
ronmental species might offer some protection against tuberculdsis

line of experimentation has been further pursued and evidence accumulated
that animals vaccinated with environmental mycobacteria have an increased
resistance to a subsequent challenge with virulent tubercle bacilli compared
to non-vaccinated animafé® So far, none of these vaccinations have been
superior to BCG vaccination.

Auxotrophs

Another approach has been the development of so-called auxotrophic vac
cines, where BCG anll. tuberculosishave been used to generate selected
auxotrophs by insertional mutagenesfs. The advantage of such a vac
cine might be that it would gradually die in the host (an advantage in
immunocompromised hosts) and that a weakened auxotrphighercu

losis might be more immunogenic than BC&> However, survival time

of the vaccine might be critical and has not yet been characterized sulffi
ciently well to demonstrate superiority over BCG vaccination in experi
mental modelsi® but certain mutations in genes involved in amino-acid
biosynthesis have been promising in experimental moékls.

DNA vaccines

Most efforts currently being undertaken are in the development of a DNA
vaccing!t9-1204phyt none of the experimental models has yet shown superi
ority to BCG vaccine. There is, however, some experimental evidence that
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this type of vaccine may not only protect against subsequent infection with
M. tuberculosis but may stimulate the immune response even among-exper
iImental animals with active disea&8> There are indications that the com
bination of priming with a DNA vaccine followed by a booster with BCG
might induce higher protective efficacy in mice than BCG vaccination
alone 1206

Recombinants

Recombinant vaccines use existing microorganisms, e.g., vaccinia ¥Wfuses
or BCG,12081209which are genetically modified to produce additional -anti
gens thought to enhance the immune respé¥seThis approach is fairly
recent and needs further research, which will most likely be aided by the
deciphering of the entire sequence of Metuberculosisgenome!?© In

vitro, BCG engineered to secrete recombinant human interferon-alpha was
substantially more active than unaltered BCG in inducing interferon gamma
in human peripheral blood mononuclear cé#s In a guinea pig model,
such a recombinant vaccine was superior than two BCG strains 4n pre
venting gross lesions and disseminatién.

Subunits

Particular components (subunits) Mf tuberculosismay be better suited to
inducing protective immunity than an entire organisiRecent research is
thus evaluating the protective efficacy of such subugits. Preliminary
experimental studies appear to be promising, providing protection similar
to that obtained with BCG vaccinatid#31214 Subunits are potentially spe
cific and safe. A disadvantage of subunit vaccines is their limited persis
tence and thus potentially reduced duration of immune resp&fsdn
experimental mice models, re-challenge with mycloyl transferase pro
tein significantly boosted the protection against challenge Mittubercu
losis in animals whose immune protection had waned following BCG vac
cination at birth216
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