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The objective of tuberculosis (TB) control is the elimination of TB by stopping the transmission of the disease
[1±3]. This is achieved through the rapid identification
and effective treatment of infectious cases [1±3]. Modern anti-TB chemotherapy is based on the principle of
administering properly selected standardized therapeutic
schemes at proper dosage for a sufficient duration [4].
Although, in several European countries, national guidelines, have been produced to standardize diagnostic and
treatment procedures, as suggested by the World Health
Organization (WHO) and the International Union against
Tuberculosis and Lung Disease (IUATLD) [1±3], a comprehensive document focused on TB management in
Europe is not available. [1, 5±7].
As TB still remains a relevant public health problem in
Europe [8±11], a European Task Force was established
within the European Respiratory Society (ERS), involving ERS, WHO and IUATLD experts, to produce guide-
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lines on TB management in Europe specifically designed for specialists treating TB patients. The guidelines,
which are consistent with WHO/IUATLD documents previously published in Europe, are particularly focused on
standardized anti-TB treatment, treatment result monitoring and treatment in special situations.
Treatment and treatment result monitoring in Europe
Information on treatment and treatment result monitoring in Europe is available from published surveys [8, 9, 12]
and WHO sources [11, 13].
Treatment
In Central/Eastern Europe, in the early 1990s, only the
Czech Republic, Slovakia and Poland were using the
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WHO-recommended initial phase of treatment, consisting of 2 months of isoniazid (H), rifampicin (R), pyrazinamide (Z) and ethambutol (E) or streptomycin (S) (2
HRZE or HRZS). All the other countries reported using a
variety of approaches in the intensive phase, such as longer
durations (3 months. Albania and Romania), intermittency,
twice a week (Romania), three drugs only (Bosnia, Bulgaria, Croatia, Hungary and Slovenia) or without Z
(Estonia). Similarly, the WHO-recommended continuation
phase of treatment, consisting of H and R for 4 months (4
HR), was used in only a few countries. Most used much
longer durations (Albania, Bulgaria, Hungary and Croatia),
or additional drugs such as E (Estonia and Poland) [9, 12,
13]. With regard to retreatment, no country was using the
regimens recommended by the WHO [9, 12, 13].
The situation has recently improved in many countries.
Standardized WHO-recommended regimens are now applied in Armenia, Azerbaijan (pilot project), Croatia, the
Czech Republic, Georgia (pilot project), Kazakhstan (pilot
project), Kyrgyzstan (pilot project), Latvia, Poland, the
Russian Federation (three oblasts), Slovakia and Slovenia,
and most of the remaining countries are probably on their
way to adopting modem regimens [11].
In Western Europe, adequate short-course chemotherapy
regimens, in some cases standardized, are presently used in
Andorra, Denmark, Finland, Ireland, Israel, Italy, Germany, Malta, Norway, Portugal, Sweden, Switzerland, the
Netherlands and the UK for both new and retreatment
cases.
The available data are summarized in table 1.
Treatment result monitoring
The countries adopting the WHO-recommended strategy of TB control (directly observed treatment (DOT),
short course (DOTS) countries) are those in which treatment, result monitoring, based on cohort analysis, is performed [11]. In 1995, standardized treatment result data
were available from the following countries: 1) Central/
Eastern Europe: Armenia, Azerbaijan, the Czech Republic, Georgia, Kyrgyzstan, Latvia, the Russian Federation,
Slovakia and Slovenia; and 2) Western Europe: Italy,
Malta, the Netherlands, Norway and Portugal. In addition, nonstandardized treatment results (to be interpreted
with caution as definitions vary and quality of information systems may not be high) are also available from
several non-DOTS countries (Bosnia and Herzegovina,
Yugoslavia, Iceland, Luxembourg, Romania, Tajikistan,
FYROM, Turkmenistan, Ukraine and Uzbekistan).
Reference documents and definitions
The core group of documents published by WHO/
IUATLD task forces [1, 5±7] and two pivotal WHO documents [3, 14], all of them using consistent definitions,
were used as reference documents.
The following definitions were adopted. 1. "Infection
with Mycobacterium tuberculosis" is defined as infection
with M. tuberculosis, manifested by a significant tuberculin skin test reaction without any sign of clinically and/
or radiologically active disease [1, 5]. 2. "Tuberculosis"
refers to clinically, bacteriologically, histologically and/or

radiologically active disease [1, 5]. 3. A "definite case" of
TB is a case with culture-confirmed disease caused by M.
tuberculosis complex (in countries in which level II
laboratories are not routinely available or in which routine
culture of specimens from all cases cannot be afforded or
expected, a patient with two consecutive sputum smear
Table 1. ± Tuberculosis control policies in Europe
Country
Albania
Andorra
Armenia
Austria
Azerbaijan
Belarus
Belgium
Bosnia and Herzegovina
Bulgaria
Croatia
The Czech Republic
Denmark
Estonia
Finland
France
Georgia
Germany
Greece
Hungary
Iceland
Ireland
Israel
Italy
Kazakhstan
Kyrgyzstan
Latvia
Lichtenstein
Lithuania
Luxembourg
Malta
Monaco
The Netherlands
Norway
Poland
Portugal
Moldavia
Romania
The Russian Federation
San Marino
Slovakia
Slovenia
Spain
Sweden
Switzerland
Taijikistan
FYROM
Turkey
Turkmenistan
Ukraine
UK
Uzbekistan
Yugoslavia

DOTS strategy

SCC

DOT

++
++
+++
++
++
+
+++
+++
+++
+++
+++
+
+++
+++
+++
-

0
**
**
0
*
*
0
**
0
**
**
**
0
**
0
**
**
0
*
**
**
**
*
*
*
**
0
**
**
**
0
**
**
**
**
*
**
*
**
**
**
**
**
**
0
0
**
0
0
**
0
**

**
0
*
0
*
**
0
**
0
**
**
**
**
**
0
**
0
0
**
0
*
0
*
**
*
**
0
**
**
**
0
*
*
**
**
**
0
*
**
**
**
0
*
**
0
**
*
**
**
0
0
**

DOTS: directly observed treatment (DOT), short course; SCC:
short course chemotherapy. -: not known/not implemented; +:
implemented in <10% of the total population; ++: implemented
in 10±90% of the total population; +++: implemented in >90%
of the total population; 0: absent; *: present in part of the
country; **: fully implemented.
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examinations positive for acid-fast bacilli or one positive
sputum examination, radiological signs and a clinician's
decision to treat is also considered a "definite case").
"Other than definite cases" are those meeting both of the
following conditions. 1) a clinician's judgement that the
patient's clinical, and/or radiological signs and/or symptoms are compatible with TB, and 2) a clinician's decision
to treat the patient with a full courses of chemotherapy
[6]. 4. A "new case" is a patient who has never had drug
treatment for TB or who has taken anti-TB drugs for <4
weeks [14]. 5. A "relapse" is a patient who has been declared cured of any form of TB in the past by a physician, after one or more full courses of chemotherapy, and
has developed sputum smear-positive or culture-positive
disease [14]. 6. A "treatment failure" is a patient who,
while on treatment, remains or reverts to being smear-positive and/or culture-positive $5 months after commencing
treatment, or a patient who was initially smear-negative
before starting treatment and becomes smear- and/or
culture-positive after the second month of treatment [14].
7. A "treatment after interruption" is a patient who interrupted treatment for 2 months, and returned to the health
service with smear-positive and/or culture-positive sputum (also a smear-negative patient, but still with active
TB as judged by clinical and radiological assessment)
[14]. 8. A "chronic case" is a patient who remains or
again becomes smear- and/or culture-positive after completing a fully supervised standard retreatment regimen
[14]. The definitions of treatment outcome categories
(cure, treatment completed, failure, death, treatment interrupted/default and transfer out) are summarized in table 2
[7]. In particular, patients are declared "cured" if they
have completed a full course of treatment and diagnosis
was: 1) confirmed by culture and there is a documented
conversion (culture-negative) on at least one occasion
during, the continuation phase, or 2) based on microscopy
and there is documented evidence of two negative sputum
smears during the continuation phase. When the bacteriological evidence is not available, the result of treatment
is defined as "treatment completed". The sum of cases
cured and completing treatment represents cases "treated
successfully". "Treatment failure" is a patient who failed
to achieve bacteriological conversion within 5 months
from the start of treatment, or who, after previous con-

version, becomes sputum smear- or culture-positive again,
and in whom the first-line treatment is replaced by secondline treatment [7]. 9. "High-risk groups" are population
sections with an incidence clearly in excess of that in the
general population [1, 5], defined as having an incidence
of >100 cases per 100,000 population [1, 7]. 10. "Preventive chemotherapy" is defined as the treatment of
infection with M. tuberculosis in order to prevent progression to active TB [5]. 11. "Chemoprophylaxis" is
defined as the treatment of individuals at risk of acquiring
TB who are not infected [15]. 12. "Recent infection" is
defined as a positive tuberculin skin test reaction after
documentation of a negative tuberculin skin test within
the preceding 2 yrs [5]. 13. "Fibrotic lesions" are defined
as well-delineated radiographic lesions compatible with
healed TB [5]. 14. "Low incidence countries" are those
countries in which the incidence of all forms of notified
TB is <20 cases per 100,000 population [1, 7]. 15. "DOT"
(direct observation of the patient swallowing the pills) is
a technical element, as part of the DOTS strategy [3]. 16.
"DOTS" is the WHO-recommended strategy of TB
control. It implies political commitment and includes several technical elements: 1) case detection among symptomatic patients who self-report to health services and are
diagnosed by sputum smear microscopy; 2) standardized
short-course chemotherapy to, at least, all confirmed sputum smear-positive cases under proper case management
conditions and using DOT during, at least, the intensive
phase of treatment; 3) regular drug supply and 4) the
establishment and maintenance of a standardized recording and reporting system, which enables assessment of
treatment results [3, 11].
Rationale for standardized treatment
New cases
Treatment regimens comprise an initial (intensive) phase
of 2 months and a co continuation phase usually lasting 4±
6 months [14±20]. During the intensive phase, during
which four drugs are given, there is a rapid killing of
tubercle bacilli. During this phase, adequately treated
patients become rapidly noninfectious (in the presence of

Table 2. ± Definitions of treatment outcome categories of definite cases of pulmonary tuberculosis
Cured
Treatment
completed
Treatment failure
Death
Treatment
interrupted
Transfer out

Culture-confirmed

Sputum smear microscopy-confirmed

Documented conversion of culture during the
continuation phase
Documented treatment completion, but no
documented culture conversion
Culture remaining or becoming positive again
after $5 months of treatment
Death of the patient irrespective of cause at any
time before the envisaged end of treatment
Patient off treatment for $2 consecutive months,
failure to complete treatment within 9 months
for a 6-month or within 12 months for a
9-month regimen, or drug intake <80%
Patient referred to another clinician/unit for
treatment for whom information on treatment
outcome cannot be obtained

Sputum smears negative on two occasions during the
continuation phase of treatment
Documented treatment completion, but no sputum smear
microscopy available at the end of treatment
Sputum smears remaining or becoming positive again
after $5 months of treatment
Death of the patient irrespective of cause at any time before
the envisaged end of treatment
Patient off treatment for $2 consecutive months, failure to
complete treatment within 9 months for a 6-month or
within 12 months for a 9-month regimen, or drug
intake <80%
Patient referred to another clinician unit for treatment for
whom information on treatment outcome cannot be
obtained

(modified from [7].)
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Table 3. ± Essential antituberculosis drugs
Recommended dose mg.kg body weight-1.day-1
Drug
Daily
Intermittent, Intermittent,
three times twice weekly
weekly
Isoniazid
Rifampicin
Pyrazinamide+
Streptomycin
Ethambutol

5
10
25
15
15*

(4±6)
(8±12)
(20±30)
(12±18)
(15±25)

10
10
35
15
30

(8±12)
(8±12)
(30±40)
(12±18)
(25±35)

15
10
50
15
45

(13±17)
(8±12)
(40±60)
(12±18)
(40±50)

Data are presented as mean (range). *: as a dose of 15 mg.kg
body weight-1 day-1 is considered safer and a dose of 25 more
effective [22], the American Thoracic Society recommends 25
mg.kg body weight-1.day-1 during the intensive phase (8 weeks)
followed by 15 during the continuation phase of treatment [23];
+
: The British Thoracic Society [22] recommends a daily dose of
35 mg.kg body weight-1.day-1. When the administration is intermittent, the recommended dose is 50 mg.kg body weight-1.day-1
(three times weekly) or 75 mg.kg body weight-1.day-1 (twice
weekly). (Modified from [14].)

susceptible strains) and symptoms improve. The vast majority of sputum smear-positive patients, when correctly
treated, achieve sputum conversion (i.e., a negative sputum smear examination) within 2 months. In the continuation phase, fewer drugs are necessary, but for a longer
duration. The sterilizing effect of the drugs eliminates the
remaining bacilli and prevents subsequent relapse [16, 17].
In sputum smear-positive patients, there is a risk of selecting resistant strains, as these patients harbour and excrete a
large number of metabolically active bacilli, Short-course
regimens consisting of four drugs during the intensive
phase (e.g. HRZE or HRZS) and two drugs during the
continuation phase (i.e. HR) significantly reduce this risk.
These regimens are as effective in patients with organisms
initially resistant to one of the drugs (excluding R) as in
those with sensitive organisms [16±21].
In pulmonary sputum smear-negative and extrapulmonary patients, the risk of selecting resistant mutants is significantly lower, as these patients harbour fewer bacilli.
Properly designed controlled clinical trials have proved the
efficacy of chemotherapy regimens consisting of three
drugs during the intensive phase (e.g. HRZ) and two drugs
during the continuation phase (i.e. HR) [14±21].

Retreatment cases
As previously treated patients are more likely to have
acquired drug resistance to at least H, the standard WHOrecommended retreatment regimen includes: 1) five drugs
for 2 months followed by four drugs for 1 month during the
intensive phase (which is administered for 3 months), and
2) three drugs during the continuation phase (which is
administered for 5 months, e.g. 2 SHRZE/1 HRZE/5
HRE). This approach allows the patient to receive at least
three active drugs during the initial phase, reducing, the
risk of selecting further resistant bacilli [14, 21].
The treatment regimens and dosages recommended by
the WHO are summarized in tables 3 and 4 [14, 21].
Patients are classified into four treatment categories (I:
new sputum smear-positive and other severe cases; II:
retreatment cases; III: new sputum smear-negative and
nonsevere extrapulmonary cases; and IV: chronic cases).
The use of four drugs in the intensive phase in communities in which there is even a small risk (>2%) of single
drug resistance has been recommended [15]. In specific
areas at higher risk of multidrug resistance (e.g., New
York), at least five drugs may be needed during the intensive phase in new cases and at least flour (but possibly
as many as six or seven) in retreatment cases [15].
Regimens comprising three drugs in new cases or four
in retreatment cases can be applied only in populations in
which the prevalence of drug resistance is known to be
very low. Simultaneous use of DOT and/or fixed-dose
combination (FDC) tablets may prevent the spread of drug
resistance [14].
Use of fixed-dose combination tablets
The WHO and the IUATLD strongly recommend the
use of FDC tablets (incorporating two or three drugs within
the same tablet) of proven bioavailability [24, 25]. Pharmacokinete studies in humans have demonstrated that the
plasma concentrations of H, R and Z administered in free
combination or FDC are similar [26, 27]. The majority of
studies confirm that no significant differences exist between FDC tablets and single drugs as far as sputum smear
conversion rate and frequency of side-effects and relapses are concerned [28±33]. The differences found in some
studies comparing FDC versus separate formulations are

Table 4. ± Recommended tuberculosis (TB) treatment regimens for each treatment category according to the World Health
Organization
Treatment
category

TB patients

I

New smear-positive pulmonary TB; New smearnegative pulmonary TB with extensive parenchymal involvement; New cases of severe
forms of extrapulmonary TB
Sputum smear-positive: relapse; treatment failure;
treatment after interruption
New smear-negative pulmonary TB (other than in
category 1); new less severe forms of
extrapulmonary TB
Chronic case (still sputum-positive after supervised
retreatment

II
III
IV

Recommended regimens
Initial phase (daily or
three times weekly)

Continuation phase

2 HRZE (HRZS)
2 HRZE (HRZS)
2 HRZE (HRZS)

4 HR
4 H3R3
6HE*

2 HRZES/1 HRZE2
5 H3R3E3
HRZES/1 HRZE
5 HRE
4 HR
2 HRZ
4H3R3
2 HRZ
2 HRZ
6 HE*
Not applicable
(use of second-line drugs in specialized centres)

*: only when R is not tolerated. H3/R3/E3: drug-administered three times weekly. (Modified from [14].)
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controversial. The US Trial 21 found quicker sputum
conversion and a higher incidence of side-effects using
the FDC regimen [33]. The Singaporean study found a
slight higher relapse rate after 24 months, confirmed (and
achieving statistical significance) after 5 yrs of follow-up
[34]. The Hong Kong study found a better acceptability
to patients in comparison with separate formulations [35]
and the Algerian study a lower incidence of side-effects
with FDC tablets [36]. Advantages offered by FDC tablets include a reduced risk of selecting resistant mutants
in the event of treatment interruption or relapse [24, 25,
31, 36, 37], concrete help for physicians in prescribing
effective regimens and reducing inadvertent medication
errors [24, 25, 28±35]; simplification of drug procurement, management and handling; a simplified regimen
for the patient leading to improved compliance [34±37];
and a reduction in inappropriate use of R [14, 24, 25, 31,
36, 37]. At present, FDC tablets consist of combinations
of HR, HRZ and HRE. A four-drug combination tablet is
expected to be available in the future.
Patient monitoring
The patient undergoing anti-TB chemotherapy should
be monitored to evaluate response to treatment and to
promptly identify and manage drug-induced toxicity and
evaluate the performance of the programme [7, 14].
Bacteriological monitoring is possible only among "definite cases" (table 5). If a patient is smear- and culturepositive, the minimum requirement is to carry out a smear
examination after the initial phase of treatment. If sputum
smear conversion is achieved, a negative culture result
during the continuation phase is sufficient to declare the
patient cured if the full course of treatment has been
completed. If the patient is culture-positive and smear-

negative, both culture and sputum smear should be
monitored at the end of the intensive phase. If the smear
remains negative, cure is defined by culture result.
If the patient is smear-positive and culture-negative or
culture is not performed, the smear examination should be
performed at the end of the initial phase (end of second
month), during the continuation phase (end of fourth
month) and at end of treatment. Bacteriological monitoring
at the end of treatment is strictly recommended in definite
cases in order to assess precisely that the patient has been
cured. In patients unable to produce sputum (e.g. because
they do not cough), induction of sputum with hypertonic
saline may be a noninvasive way of obtaining an adequate
sample.
Radiological and clinical monitoring represent the only
possible means of monitoring pulmonary smear/culture
negative and extrapulmonary cases. While also used in definite cases, radiological and clinical monitoring of treatment is not fully reliable due to the limitations of chest
radiography (observer error, over- and under-reading, influence of experience on radiograph reading results, and
disagreement between readings of chest radiographs for
follow-up) and clinical signs and symptoms [7, 38].
Directly observed therapy
Recommended by the WHO as part of the DOTS strategy [3], DOT is mandatory in countries in which treatment results are poor or likely to be poor. Whenever the
treatment success rate (cure and completion) is unequivocally shown to be satisfactory (>85%), the national
health authorities (National Programme, Ministry of
Health) should decide under what circumstances DOT
is necessary (during hospitalization, in specific groups at
risk of lower success rates, in relapses, etc.).

Table 5. ± Treatment monitoring of new "definite" cases using either the culture-based method or the smear-based method
depending on the initial bacteriological diagnosis*
Bacteriology at
diagnosis

Initial phase

Culture-positive
(regardless of smear
result)
(DST performed)

Clinical improvement,
End month 2
smear negative: start conSmear
tinuation regardless of
Culture
(DST result known) DST result+
No clinical improvement,
smear positive: look at
DST: 1) if resistant
strain: consider regimen modification+; and 2) if susceptible
strain:
One additional month
initial phase, same regimen,
ensure DOT
Repeat smear/culture (end month 3)
Start continuation
Smear (end month 2)
Negative
Start continuation
Positive
One additional month initial phase,
same regimen
Repeat smear/culture (end month 3)
Start continuation

Smear-positive

Action to be taken

Continuation phase

Final outcome

Culture (during
continuation)
End month 5
Smear
Culture

If negative: cured
If positive: failure*
(individualized regimen
based on DST result)

Smear end month 4 If negative: cured
If positive: failure
followed by final
smear (end month 6)

*: in treatment cases, the monitoring is similar, taking into account the different duration of the intensive phase (3 months); +: multidrugresistant tuberculosis requires modification of regimen; #: re-evaluate causes of failure. DST: drug sensitivity test; DOT: directly
observed therapy.
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Preventive chemotherapy and chemoprophylaxis
Preventive chemotherapy (i.e., the treatment of persons
infected with M. tuberculosis) has proved very effective in
preventing progression to TB or reactivation of disease
[23, 39±41]. Placebo-controlled randomized clinical trials
have demonstrated that a 6±12-month course of H reduced
the risk of developing active TB in infected persons by
$80% [41]. If no reinfection occurs, the protective effect
is presumed to be lifelong. More recently, clinical trials
have also shown that H chemotherapy may reduce the
occurrence of TB among human immunodeficiency virus
(HIV)-infected individuals [39, 42, 43]. Individual candidates for preventive chemotherapy should be identified
by purified protein derivate of tuberculin (PPD) skin
testing using the Mantoux technique. As reliable data for
developing new recommendations are not yet available
in Europe, other pre-existing recommendations are discussed.
Individuals recommended for receipt of preventive chemotherapy, according to the American Thoracic Society
(ATS), are listed in table 6 [23]. The cut-off for defining a
"positive" skin test, and thus whether an individual
should be given preventive chemotherapy, is related to the
probability that the reaction represents true infection and
to the likelihood that the individual, if truly infected, will
develop TB, Thus, different cut-offs were suggested by
the ATS (5-mm induration: close contacts, HIV-infected,
fibrotic lesions; 10-mm: most at risk persons; 15-mm:
low-risk persons) [23].
PPD-negative infants and children who are contacts of
infectious cases should be given chemoprophylaxis and
undergo a repeat PPD test 2±3 months after the contact is
broken. Those who remain PPD-negative should stop
Table 6. ± Recommendations of the American Thoracic
Society (1994) for preventive chemotherapy
Risk group

Tuberculin Treatment of
reaction size duration

HIV-infected persons

$5 mm*

Close contacts of TB patients
Fibrotic lesions on chest
radiography
Recently infected persons
High-risk medical conditions#
High-risk group, <35 yrs1
No high risk, <35 yrs

$5 mm+

12 months
6 months
(9 for children)

$5 mm
$10 mm
$10 mm
$10 mm
$15 mm

12 month
6 months
6±12 months
6 months
6 months

*: anergic human immunodeficiency virus (HIV)-infected
persons with an estimated risk of Mycobacterium tuberculosis
infection of 10% may also be considered for isoniazid preventive chemotherapy; +: tuberculin-negative contacts, especially
children, should be given chemoprophylaxis for 2±3 months
after contact is ended and then retested with Siebert purified
protein derivate of tuberculin. (Modified from [23].). Those
remaining negative should stop receiving preventive therapy; #:
includes diabetes mellitus, prolonged therapy with systemic
corticosteroids, other immunosupressive therapy, some haematological and reticuloendothelial diseases, HIV-seronegative injecting drug users, end-stage renal disease and clinical situations
associated with rapid weight loss; 1: includes persons born in
high-prevalence countries, medically underserved low-income
populations and residents of long-term care facilities. TB: tuberculosis.

chemoprophylaxis [23]. While, HIV-infected anergic individuals may be considered for chemoprophylaxis, due to
their increased risk of TB, a recent study in the USA did
not show a benefit from this practice [39] (table 3). For
preventive chemotherapy and chemoprophylaxis, H is recommended at a dose of 5 mg.kg-1.day-1 up to 300 mg.m2
body surface-1 (200 mg in children) for $6 months. If
supervised administration is feasible, intermittent doses
(15 mg.kg-1.day-1, up to 900 mg.day-1) may be given two
or three times a week [21]. Contraindications to H preventive chemotherapy and chemoprophylaxis include the
presence of liver disease. The major adverse reaction is
drug-induced hepatitis, which may be fatal [44]. Close
monitoring of clinical tolerance is therefore mandatory
[44].
Economic considerations
The competition of health programmes for limited economic resources within national health systems has spawned an abundance of studies on economic evaluation of
healthcare. Economic evaluation is the comparative analysis of alternative courses of action in terms of costs and
consequences, and is most useful when preceded by an
evaluation of efficacy (capability of the programme to
meet the planned objectives) and effectiveness (capability
of the programme to meet the planned objectives at lower
costs). Although, in developing countries, the treatment of
TB cases proved to be among the most cost-effective
health interventions [45, 46], few studies had evaluated
the economic impact of TB control in low-prevalence
countries [47]. Economic evaluation should become a
guide for the physician in selecting the most cost-effective option during clinical activity.
Hospital admission and treatment
A cost-effectiveness study was recently performed in
the Russian Federation aimed at comparing the WHO
strategy, based on case findings among symptomatic
patients using shorter standardized regimens, with the old
strategy, based on active screening of the asymptomatic
population and longer regimens. The cost per case cured, at
a cure rate of 85%, ranged from US$1,197 (new strategy)
to US$6,293 (old strategy), with potentially relevant
monetary savings. Hospital admission costs were the main
determinants of the difference between the cost of the new
and the old strategy [48], In Armenia, the adoption of the
WHO strategy decreased the cost per case cured by 38%
(W.J. Meerding, personal communication). Although no
universally accepted indications for hospital admission
are available, there is agreement in considering admission
appropriate for severe smear-positive and extrapulmonary
cases, multidrug-resistant cases, poorly compliant patients and patients with other severe medical problems
[23, 48]. If patients are admitted, they should be isolated
from non-TB patients until they are noninfectious [49].
Directly observed therapy
Among nine cost-effectiveness studies analysed in a
recent review article [47], only one was performed in a
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low-prevalence country. This study aimed at comparing
self-administered treatment versus DOT. The study showed that directly observed intermittent therapy by health
workers was slightly more costly than self-administered
regimens, but this difference was reversed when the
reduced need for monitoring was taken into account. In
addition, further savings may be expected in the future
due to the lower number of relapses and resistant cases
[47].
Preventive chemotherapy and chemoprophylaxis
Compliance is crucial to obtaining satisfactory results,
because it is more difficult to ensure, adherence among
asymptomatic persons than among patients treated for TB.
In a meta-analysis of available studies, only 60.5% of
1,084,760 patients completed preventive therapy [44].
Priorities for preventive chemotherapy and chemoprophylaxis take into consideration the risk of developing TB
compared with the risk of H toxicity. Recommendations
for the use of H are based on a comparison of the risk of
hepatic injury during the period of treatment with the
potential lifelong benefit of preventing TB. Also of
importance in developed countries is the benefit to the
community, because prevention of TB cases precludes the
spread of new infection, This strategy can be considered a
component of TB control in high-income countries only.
Each national TB program should define which are the
groups at particularly high risk and the appropriate cut-off
values in order to apply this strategy, taking into account
the likely compliance to preventive chemotherapy. If used
indiscriminately, a large number of infected individuals
would have to be treated to prevent the occurrence of a
single case [23].
Bacille Calmette-GueÂrin
Based on scientific evidence and economic considerations, the WHO recommends bacille Calmette-GueÂrin vaccination in infants at birth in countries in which the
incidence of TB is high. Repeated vaccination or multiple
revaccinations are strongly discouraged [50, 51].
Free cost access of tuberculosis patients to healthcare
The Task Force strongly recommends free access of all
TB patients to health services (diagnostic procedures,
treatment and follow-up) [5].

and should be used with caution in renal failure. Renal
function should be measured before treatment is started. S
levels should be measured in renal failure and not exceed
4 mg.L-1 in order to avoid toxicity. If the patient is
receiving dialysis, S should be given 4±6 h before dialysis.
E dosage should be reduced in renal impairment. In
patients with a creatinine clearance of 50±100 mL.min-1,
25 mg.kg body weight-1 three times weekly should be
used. If the clearance is 30±50 mL.min-1, the dose should
be given twice weekly. If clearance is 10±30 mL.min-1, a
dose of 15 mg.kg-1 36±48 hourly has been suggested. Patients on dialysis should be given 25 mg.kg-1 4±6 h before
dialysis. Serum levels may be monitored [52±56].
Management of tuberculosis treatment in the presence
of liver function abnormality
Liver function tests (LFTs) should be carried out before
treatment is started [52±56]. If these are normal, the
patient should be advised about possible symptoms
arising from liver function disturbance such as malaise,
nausea or jaundice. The patient should be advised not to
drink alcohol during treatment.
Some authors do not consider routine LFTs necessary
while on treatment. Should the patient complain of
symptoms attributable to liver function abnormality while
on treatment, liver function should be measured. If the
results are abnormal (LFT results more than five times the
upper limit of normal, see below), treatment with possible
hepatitic drugs (H, R and Z) should be stopped until liver
function returns to normal. The same procedure should be
carried out if the patient becomes icteric on treatment.
Once liver function returns to normal, drugs may be
restarted in full dosage [57±59]. If liver disturbance occurs
for a second time, hepatitic drugs should again be stopped
and added one at a time in the presence of two nonhepatitic drugs (S and E) [57±59].
The presence of abnormal liver function test results
before treatment is not necessarily a contraindication to
treatment with hepatitic drugs. In this situation, a rise in
bilirubin should lead to a discontinuation of these drugs.
They may be retried, provided liver function returns to its
pretreatment levels.
Some authorities advocate routine liver function testing
during treatment and discontinuing hepatitic drugs if
enzyme levels exceed five times the upper limit of normal
[60±62]. There are no general data to support this practice. It should be borne in mind that serious untreated TB
at most sites may be fatal [58, 59].

Treatment in special situations
Those health conditions affecting TB treatment (chronic
renal failure, liver disease, silicosis, etc.) and special situations requiring modifications of the standard regimens
(pregnancy, lactation, paediatric age, etc.) are considered in
this section [52].
Chronic renal failure
H, R and Z are predominantly metabolized by the liver
and may be given in renal failure [52]. S and other
aminoglycosides are excreted exclusively by the kidneys

Silicosis
There is evidence that standard 6-month short-course
chemotherapy may be inadequate in silico-TB [54, 63]. A
treatment longer than the standardized one is recommended (up to 8 months) because of the difficulties in
penetration of the drugs into fibrotic lung and impairment
of macrophage function [53, 63]. If Z is not included
during the initial intensive phase, it is recommended that
the treatment be continued for up to 12 months [53]. TB
in other pneumoconioses (e.g. coal workers' pneumoconiosis) can be treated with standard regimens [64].
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Diabetes mellitus

Comatose patient

Diabetic patients are at major risk of TB [52, 61].
Standard regimens are adequate. It should be remembered
that R reduces the serum levels of some oral hypoglycaemic drugs such as the sulphonylureas [52, 54, 60].

Standard treatment should be prescribed, avoiding the
administration of E as visual acuity cannot be monitored.
Different routes of administration need to be used. H and R
can both be given by means of syrup, H, R and S by
intravenous infusion, H and S by intramuscular injection,
and Z, crushed, through a nasogastric tube [52]. Intravenous drugs should be available in units admitting comatose
patients.

Human immunodeficiency virus
Patients with HIV-associated TB also present with
extrapulmonary disease. When the disease is pulmonary,
the classical upper zone infiltration with cavitation may be
absent on chest radiography, and uncharacteristic patterns
may be detected (hilar adenopathy, middle- and lower-zone
noncavitating infiltrates) [65±68]. Those with very low
CD4+ cell counts may present with disseminated disease.
Mortality is higher than in HIV-negative disease [65±69].
As adherence to the prescribed regimen is the most
important determinant of success, the same regimens
recommended for HIV-negative individuals are effective
for HIV-positive patients [14, 23, 66±70]. Though continuation of treatment beyond the standard length has been
recommended [69], there is little scientific data to support
this.
Adverse effects of medication are more frequent in HIVpositive patients. Thiacetazone, a drug not usually used in
Europe, should be avoided [71]. In cases in which sterility
of needles cannot be guaranteed, S should not be used in
order to avoid potential HIV transmission.
Several nosocomial outbreaks of drug-resistant TB in
HIV-positive patients have been recently described in Europe [72]. In cases in which drug resistance is suspected,
regimens for drug-resistant TB should he used [73].
Many HIV positive patients are now started on combination anti-HIV drugs including protease inhibitors. These
are metabolized by the P450 enzyme, which is induced by
R. Protease inhibitors may therefore be reduced to negligible serum concentrations with concomitant use of R.
There are four possible options for overcoming this
problem [22]: 1) discontinue use of the protease inhibitor
and use alternative antiviral agents until the end of antiTB chemotherapy; 2) discontinue use of the protease
inhibitor for the intensive phase of treatment and recommence its use during the continuation phase using a nonR-containing regimen such as H and E for 6 months; 3)
omit R completely from the anti-TB drug regimen and
continue for 18 months; and 4) use indinavir as the
protease inhibitor and substitute rifabutin (in reduced
dose) for R. It is recommended that the first option be
selected whenever possible.

Immunosuppresion other than human immunodeficiency
virus
Immunosuppression, induced iatrogenically through immunosuppressive drugs, or related reticuloendothelial neoplasms can act as risk factors for TB. There is evidence that
standard regimens are adequate for these patients, although
the underlying disease is responsible for excessive mortality [70].

Pregnancy/lactation
In pregnancy, standard short-course chemotherapy can
be given. According to WHO and IUATLD recommendations, all first-line drugs can be safely administered except
S, because it may cause (as other aminoglycosides) foetal
ototoxicity [14, 74, 75]. The effect of both combined oral
contraceptives, and the progesterone-only pill is reduced
by regimens containing R. The occurrence of pregnancy in
women with TB taking R is not an indication for termination of pregnancy [52, 76]. Most anti-TB drugs are present in small concentrations in breast milk. However, these
levels are well tolerated by infants, although they do not
provide adequate therapy or preventive therapy. Breast
feeding is not contraindicated, except in cases where the
mother is highly infectious, i.e. sputum smear-positive
[23, 53, 76]. Although isolation until sputum smear conversion has been suggested, evidence exists that H can
protect the newborn from postnatal infection even when
infants are not isolated from their mother [77±80].
Paediatric age
The basic principles of treatment of TB in children are
essentially the same as in adults [14, 75, 77, 78]. 1) As TB
in children is usually an immediate complication of primary infection, they typically demonstrate closed caseous
lesions with relatively few mycobacteria. As the probability of acquiring drug resistance is proportional to the
size of the bacillary population, children are considered to
be at lower risk of developing acquired drug resistance
during treatment. 2) The risk of developing extrapulmonary TB, especially disseminated disease and meningitis
(requiring prompt and effective treatment), is greater than
in adults. 3) Normally, due to pharmacokinetics, children
tolerate larger doses of drugs per kg body weight and are
less likely to develop side-effects than adults. However,
children with disseminated TB or meningitis or who are
malnourished may develop hepatotoxicity, especially when
the daily dosage of H exceeds 10 mg.kg body weight-1. 4)
Owing to the lack of specific drug formulations, the
administration of drugs in paediatric subjects may sometimes necessitate the crushing of pills or making up of
unstandardized suspensions. If these problems are not considered in advance, they may cause delays and interruptions of treatment and/or administration of inappropiate
doses.
The regimen for pulmonary TB is a 6-month regimen
including H, R and Z during the intensive phase (first 2
months) and HR during the continuation phase (4 months).
The same regimen is recommended for both disseminated
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disease and lymp node TB. Some authors recommend a
longer duration for meningitis and TB of the bones (9±12
months) and the use of a fourth drug when drug resistance
is likely or suspected [79±81].
This standard regimen is generally well tolerated. Supplementation with pyridoxine is recommended in malnourished children [79]. Although transiently elevated liver
transaminase levels are described in 3±10% of children
taking H, the risk of developing hepatotoxicity is very
low [79]. R is well tolerated and adverse reactions such as
leukopenia, thrombocylopenia and flu-like syndrome are
rare. Z, extensively used in children over the past 10 yrs,
has proved to be well tolerated at a daily dose of 30±40
mg.kg body weight-1. S, less frequently prescribed than in
the past, is also well tolerated. The general use of E in
children is not recommended in existing guidelines [79]
because of the difficulties in monitoring optic toxicity,
being limited to schoolchildren and adolescents and when
drug-resistant TB is suspected [79]. In a recent review of
the literature, no definite arguments against the use of E in
children were found [82]. The author concluded that E
can be recommended for children aged $5 yrs, at a dosage of 15 mg.kg body weight-1.day-1, for routine treatment, without taking more precautions than for adults.
Several second-line drugs, including ethionamide, polypeptides (capreomycin) and aminoglycosides (kanamycin,
amikacin), are well tolerated. It is recommended that liver
function is tested before the commencement of therapy
and, in cases in which the patient is unconscious or
uncooperative, every 2 weeks for the first 2 months. Liver
function monitoring is mandatory when clinical signs and
symptoms (fever, malaise, vomiting, jaundice, and weight
loss) appear [79].
The list of drugs recommended and their daily doses are
summarized in table 7.
Treatment of newborn
Prevention of infection and disease in the newborn is
strictly related to the control of TB in the mother. When TB

is suspected or diagnosed in the newborn, a standard shortcourse chemotherapy has to be given.
Treatment and drug interactions in geriatric subjects
The elderly with TB should receive standard shortcourse chemotherapy. However, as decreased renal and
hepatic clearance have been described in elderly patients,
they are more susceptible to adverse effects from drug
treatment [54, 61, 87]. Furthermore, the drug half-life and
organ response to a given anti-TB drug may be altered, and
the elderly patient may have multiple illnesses requiring
different drugs [54]. A few issues deserve special attention
[87]. 1) As R induces liver enzymes, the clearance of
several drugs often used in the elderly may be accelerated
(warfarin and its analogues, steroids, hypoglycaemic
agents, digoxin, theophylline, and b-blockers). Proper
monitoring and adjustment of the dosages may, therefore,
be needed. 2) Z can cause hyperuricaemia, although gout
attacks are very rare. Uric acid measurement is not
generally recommended, except in the case of previously
documented hyperuricaemia. In the case of symptoms,
appropriate treatment (allopurinol) should be prescribed.
3) As the risks of acquiring S-induced nephrotoxicity and
ototoxicity are increased in the elderly, the recommended
daily dose of S (10 mg.kg-1.day-1) should not exceed 750
mg.
Multidrug-resistant tuberculosis
The management of multidrug-resistant tuberculosis
(resistance to at least isoniazid plus rifampicin) is particularly difficult. The World Health Organization recommendations [14] to refer these patients to highly specialized centres with the necessary appropriate experience
is strongly endorsed. Those centres should have: 1)
expertise in the clinical and laboratory aspects, which are
based on relevant experience and validated quality,
respectively; 2) high-level laboratory services, preferably

Table 7. ± Essential antituberculosis drugs in children
Drug

Recommended dose mg.kg body weight-1.day-1
(maximum dose mg)

Dosage forms

Intermittent three
times weekly

Daily
#12 yrs
Isoniazid

Scored tablets,
50 and 150 mg
Rifampicin
Capsules, 300 mg;
Syrup, 20 mg.mL-1
Pyrazinamide Scored tables,
500 mg
Streptomycin Vials, 1 g
Ethambutol
Tablets, 250 and 500
mg; scored tablets,
400 mg

12±16 yrs

#12 yrs

12±16 yrs

Intermitent
twice weekly
#12 yrs

12±16 yrs

5* (300)

5 (300)

20±40 (900)

15 (900)

20±40 (900)

15 (900)

10±20 (600)

10 (600)

10±20 (600)

10 (600)

10±20 (600)

10 (600)

15±30 (2000)
20±40 (1000)

15±30 (2000) 50±70 (3000) 50±70 (3000) 50±70 (4000) 50±70 (4000)
15 (1000) 25±40 (1500) 25±40 (1500) 25±40 (1500) 25±40 (1500)

15±25 (2500) 15±251 (2500)

50 (2500)

50 (2500)

50 (2500)

50 (2500)

*: As the risk of isoniazid-induced hepatitis increases with dose when isoniazid is used in combination with rifampicin, some authors
suggest not exceeding 10 mg.kg body weight-1.day-1 [83, 84]. Evidence exists that a dose of 5 mg.kg body weight-1.day-1 [85] is
appropriate and safe; +: a dose of 50 mg.kg body weight-1.day-1 is considered sufficient by other authors [86]; 1: as a dose of 15 mg.kg
body weight-1.day-1 is considered safer and a dose of 25 more effective [22], the American Thoracic Society recommends 25 mg.kg
body weight-1.day-1 during the intensive phase of treatment (8 weeks) followed by 15 mg.kg body weight-1.day-1 during the
continuation phase [23].
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Table 8. ± Side-effects of antituberculosis drugs
Drug

Side-effects

Isoniazid
Rifampicin
Pyrazinamide
Ethambutol
Streptomycin
Amikacin
Kanamycin
Capreomycin
Ofloxacin
Ciprofloxacin
EthionamidePhothionamide
Aminosalicylic acid
Cycloserine

Hepatitis, neuritis, lupus erythematous syndrome, drowsiness, mood changes
Drug interactions, hepatitis, thrombopenia, abdominal distress, diarrhoea
Hepatitis, rash, arthralgia or arthritis, hyperuricaemia, abdominal distress
Optic neuritis, abdominal distress
Hearing loss, ataxia, nystagmus, azotaemia, proteinuria, eosinophilia, serum electrolyte abnormalites

Abdominal distress, headache, anxiety, tremulousness, thrush
Abdominal distress, headache, anxiety, tremulousness, thrush, drug interactions
Abdominal distress, dysgeusia, diarrhoea, hepatitis, arthralgia
Abdominal distress, nausea, bloating, diarrhoea, rash, oedema
Mood and cognitive deterioration, psychosis, scizures

equipped with rapid diagnostic methods, with mandatory
external quality assessment procedures; 3) available appropriate methods to prevent transmission of resistant
strains in the laboratory and clinical setting (e.g. negative
pressure rooms for inpatient care); and 4) intensive monitoring during the whole treatment regimen by means of
clinical and laboratory methods, ensuring directly observed therapy for each dose administered, and early detection
of side-effects of treatment.
Appendix: Side-effects and side-effects management
Table 8 summarizes the most frequent side-effects
related to the use of antimycobacterial drugs.
Isoniazid. Hepatitis is the main toxic effect of H, and is
directly correlated with age (incidence rate 0.5±1%, higher in females) [52, 56, 60, 88]. Alcohol consumption
and the coexistence of acute or chronic hepatitis [16, 56,
61] are other important risk factors, Transient elevations
of hepatic enzyme concentrations may be observed during the first period of therapy, but do not usually give
rise to hepatitis.
H-induced neuropathy can be prevented by supplementation with pyridoxine (10 mg.day-1) [89]. In the case of
appearance of neuropathy, the drug should be stopped
promptly.
Attention must be paid when H and phenytoin or
carbamazepine are simultaneously given because their
serum levels can increase: dose adjustment may be needed
[90]. The commonest interactions of anti-TB drugs are
summarized in table 9 [92].
The main contraindications to H use are known
hypersensitivity [56, 60, 92]. Desesitization procedures
should be managed in specialized TB units [58].
Rifampicin. Side-effects are more common with intermittent than with daily R-containing regimens [91]. Although
liver transaminases can rise transiently at the beginning of
treatment, accompanied by jaundice [34, 38], true hepatitis
is a rare event. Gastrointestinal upset, pruritus and skin
eruptions are known R-induced side-effects. A "flu-like"
syndrome (fever, chills and headache) can occur. Thrombocytopenic purpura, haemolysis, severe renal failure and
shock, more frequently with intermittent administration
of the drug (particularly if the daily dosage of R is >600

mg or >10 mg.kg body weight-1 day can also occur. If
these reactions occur, R should be stopped, replaced by
another first-line drug [4, 44] and not used again in that
patient.
As R is an important inducer of hepatic enzymes, the
activity of other drugs metabolized in the liver may be
reduced (table 9). In particular, females using the contraceptive pill should be advised of the potential risk
related to the reduced effectiveness of the method [93].
The interaction with methadone may be important in drug
addicts under treatment.
When used simultaneously, H and R can produce
hepatitis (hepatocellular damage seldom associated with
cholestasis) in 3±4% of patients [62]. These abnormalities
usually appear during the first 2 weeks of treatment [39,
62].
A very low risk of hepatitis is described among children
treated with H alone [78]. whereas its combination with R
increases the risk significantly (up to 6.9%) [62]. In the
recent study of Ormerod [94], no hepatitis occurred in
266 children treated for 3 or 4 months with H and R.
The main contraindication to R use is known hypersensitivity to rifamycins [14, 56, 60].
Pyrazinamide. Hepatitis, rash, abdominal distress and hyperuricaemia (with or without arthralgia) are the commonest side-effects of Z. The frequency of drug-induced
hepatitis is not increased when Z is added to H and R,
although Z-induced hepatitis has been described [92].
Liver injury, as well as tubulointerstitial nephritis and
myoglobinuric renal failure, have been described and
were often due to the doses >15±30 mg.kg body
weight-1.day-1 used in the 1950s [92. 95].
The facial flushing or erythematous rash with pruritus
appearing in the first days of treatment are usually selflimiting. Hyperuricaemia, caused by the inhibition of renal tubular secretion is rarely symptomatic [54]. Patients
with diabetes should be carefully monitored since blood
glucose concentrations may become labile. Arthralgia,
particularly of the shoulders, commonly occurs and is
responsive to simple analgesics. It seems neither to correlate with the level of uric acid nor to respond to allopurinol [96]. Both hyperuricaemia and arthralgia may be
reduced by intermittent administration of Z [54].
The main contraindications to Z use are known hypersensitivity and severe hepatic impairment [56, 60, 95].
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Table 9. ± Interactions with antituberculosis drugs
Drug

Interaction

Effect

Isoniazid

Phenytoin
Carbamazepine
Warfarin
Diazepan
Prednisolone
Warfarin
Sulphonylureas
Corticosteroids
Oral contraceptives
Phenytoin
Digital glycosides
Cyclosporin
Cimetidine
Methadone
Theophylline
Protease inhibitors
Aluminium hydroxide
Probenecid
Neuromuscular blocking agents

q
q
q
q
q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
Q
q
q

Rifampicin

Ethambutol
Pyrazinamide
Streptomycin

serum level of phenytoin
serum level of carbamazepi
serum level of warfarin
serum level of diazepan
serum level of isoniazid
serum level of warfarin
serum level of sulphonylureas
serum level of corticosteroids
serum level of oral contraceptives
serum level of phenytoin
serum level of digitalis glycosides
serum level of cyclosporin
serum level of cimetidine
serum level of methadone
serum level of theophylline
serum level of protease inhibitors
serum level of ethambutol
serum level of pyrazinamide
serum level/effect of neuromuscular blocking agents

q: increased; Q: decreased.

Ethambutol. The main and most severe adverse effect of
E is retrobulbar neuritis, which is usually dose-related.
Although it is very rare at a dosage of 15 mg.kg body
weight-1.day-1 and with normal renal function, its frequency increases to almost 3% when doses of 25 mg.kg
body weight-1.day-1 are administered and/or in the presence of impaired renal function [14, 52, 97, 98]. Patients
complain of blurred vision, red/green blindness (early
symptoms) and, later, central scotomata. Visual acuity
monitoring is strongly advised before administering E,
and later if the patient reports visual symptoms. The drug
should be stopped immediately if visual symptoms appear. As optic atrophy is usually reversible, proper clinical monitoring prevents irreparable ocular damage. Renal
failure (determining higher blood levels of E) increases
the probability that ocular side-effects might occur [53].
Owing to difficulties in monitoring visual acuity in children, the drug should be used with caution and only
when really necessary [14, 52, 98, 99]. Signs of peripheral neuritis in the legs, rashes or abdominal distress
may occasionally develop [14, 52, 98, 99].
Contraindications to E use include known hypersensitivity, pre-existing optic neuritis from any cause, inability
to report symptomatic visual disturbances and creatinine
clearance of <50 mL.min-1 [56, 60].
Streptomycin. Ototoxicity, due to the irreversible damage
of the vestibular branch of the eighth cranial nerve, is
the main side-effect of S. Vertigo, ataxia, nystagmus and
somettimes hearing loss are the commonest symptoms.
Nephrotoxicity, especially in those patients with pre-existing renal insufficiency, has been described [99]. The
association of H and other ototoxic/nephrotoxic drugs
(other aminoglycosid antibiotics, amphotericin B, cephalosponins, ethacrynic acid, cyclosporin, cisplatin, frusemide and vancomycin) might increase both the frequency
and severity of symptoms [54].
The dosage should be reduced if headache, vomiting,
vertigo and tinnitus occur [92, 54]. The minor side-effects
are fever, skin rashes and eosinophilia [99]. The dosage

should be reduced by 50% if urinary output falls, albuminuria occurs or tubular casts are detected in the urine
[54].
S should be avoided, when possible, in children (the
injections are painful and irreversible auditory nerve
damage may occur), and the dosage reduced in the elderly
and in the presence of renal impairment. In patients with
renal impairment, renal function monitoring is mandatory
and, where possible, serum levels of the drug should be
monitored periodically to ensure plasma concentrations
(measured when the next dose is due) do not exceed 4
mg.mL-1 [54, 56, 60]. S may potentiate the effect of
neuromuscular blocking agents administered during
anaesthesia [56, 60].
Contraindications to S use are represented by known
hypersensitivity, auditory nerve impairment and myasthenia gravis [56, 60].
Second-line drugs
Cycloserine. The most serious adverse effects of cycloserine, which are dose-related, are those affecting the
central nervous system: psychosis, depression, headache,
seizures and vertigo. Alcoholics and those patients receiving dosages >500 mg.day-1 are at major risk of developing side-effects. Sedatives and anticonvulsant drugs
are effective in controlling the symptoms. The monitoring of blood levels (to keep levels <30 g.mL-1) has been
suggested, especially in patients with impaired renal
clearance [54, 56, 60].
Ethionamide/Prothionamide. Gastrointestinal intolerance
(abdominal pain, nausea and vomiting) is the most
frequent side-effect of ethionamide/prothionamide. The
drugs are hepatotoxic and may cause hyperglycaemia in
diabetics. They can increase cycloserine side-effects on
the central nervous system.
Daily doses of 0, 5±1 g (given in two or three doses)
usually limit the gastrointestinal upset [54, 56, 60].
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Aminoglycosides (kanamycin and amikacin) and polypeptides (capreomycin). The major side-effects of aminoglycosides and polypeptides are nephrotoxicity, ototoxicity
and neuromuscular blockade. Their dosages should be
reduced in patients with renal impairment [54, 56, 60].
p-aminosalicylic acid. Gastrointestinal upset, rash, bloating, diarrhoea and nausea are the more frequently observed side-effects of p-aminosalicylic acid. Intravenous
administration partially limits the gastrointestinal reactions [54].

Adherence to tuberculosis treatment.. As adherence to
the prescribed treatment is crucial to achieving a cure, it
should be promoted and evaluated taking into account
the resources available. The strategies proposed [110±
111] include: 1) accessible and appropriate healthcare;
2) training, motivation and supervision of health staff; 3)
promotion of patient adherence by means of counselling/
education; 4) reminder cards; 5) increasing motivation
(persuation, incentives); 6) DOT; 7) monitoring of sideeffects. 8) FDC tablets and blisters; and 9) collaboration
with social services.
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Rifamycins. Rifabutin and rifapentine have similar
adverse effects to R [54, 56].
The spectrum of rifabutin and rifapentine is similar to
that of R, although rifabutin is also active against M.
avium. Basically, the indication for both drugs in the
treatment of TB is the same as R, and they should not be
considered first-line drugs.
Rifabutin. Owing to partial cross-resistance, approximately one-third of R-resistant strains are susceptible to
rifabutin [100]. The role of this drug is presently controversial, as, in a recent trial (rifabutin versus R), no
difference in outcome was found [101].
Rifapentine. Rifapentine, having a rather long half-life
(>14 h), might permit once-weekly administration [102].
Further evaluation is necessary.
Quinolones. Ofloxacin and ciprofloxacin have been demonstrated to be moderately effective against M. tuberculosis
and M. avium complex and are used as second-line
drugs in cases of resistance to or intolerance to first-line
drugs. Side-effects are rare (3±7%) and usually mild and
transient, including abdominal pain, nausea, vomiting,
dizziness, headache and increased aspartate aminotransferase and alanine aminotransferase (ALT) [103]. As
they may impair growth and produce injury to growing
cartilage, permission for their use in growing children
differs among European countries.
Corticosteroids. Corticosteroids are associated with antiTB treatment in several conditions, although very few
controlled clinical trials are available on this topic and
the drugs, dosage and duration of treatment used in the
different studies varied greatly [104±106]. Their use is
justified by their potential anti-inflammatory activity in a
disease in which the host response plays a major role.
The long-term benefits are limited to the reduced mortality
in pericarditis and decreased neurological sequelae of
meningitis [104, 107, 108].
The short-term benefits include faster clinical improvement in tubercular meningitis, pericarditis and pleuritis.
Their use in pulmonary TB should be limited to acute lifethreatening conditions and to adrenal insufficiency [97].
Corticosteroids should be used with caution in HIVinfected patients. Their interactions with R should be taken
into consideration [104].
In general, prednisone can be used at a dose of 20±60
mg.day-1 whereas in tubercular meningitis, dexamethasone
is preferred (up to 12 mg.day-1) [104, 109].
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