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ABSTRACT

Objective To identify published studies assessing

tuberculosis recurrence after successful treatment with

standard short course regimens for six months to

determine the strength and sufficiency of evidence to

support current guidelines.

Design Systematic review.

Data sourcesMedline, Embase, Cochrane clinical trials

register, specialist tuberculosis journals, and reference

lists. Only English language publications were eligible.

Review methods Studies were included irrespective of

methodology or quality. Abstracted information included

inclusion and exclusion criteria for participants, duration

of follow-up, and definitions of treatment success and

disease recurrence. The primary outcome was the

proportion of successfully treated patients recorded with

recurrent tuberculosis during the follow-up period.

Results 17 study arms from 16 studies met the inclusion

criteria; 10 were controlled clinical trials and six were

either studies done under programmatic conditions or

observational studies from functioning tuberculosis

programmes. Although several clinical trials supported

the use of daily treatment regimens, studies reporting

tuberculosis recurrence after intermittent regimens were

limited. Few studies carried out under routine

programmatic conditions reported disease recurrence.

Overall there was wide variation in recurrence after

successful treatment, ranging from 0% to 14%.

Considerable heterogeneity across studies precluded the

systematic assessment of factors contributing to

tuberculosis recurrence.

Conclusions Despite DOTS (directly observed treatment,

short course) being implemented for more than 10 years

and millions of patients treated for tuberculosis, few

studies have assessed the ability of standard DOTS

regimens to result in lastingcure forpatients treatedunder

routine programmatic conditions.

INTRODUCTION

TheDOTS (directly observed treatment, short course)
strategy for tuberculosis control was launched by the
World Health Organization in 1995.1 The strategy,
although based around short course treatment regi-
mens for aminimumof sixmonths, also includes tenets
such as political commitment, good management
practices, sputum smear microscopy for diagnosis,

and the direct observation of doses to ensure adher-
ence. To dateDOTS remains the cornerstone of global
efforts at tuberculosis control.2 Before the implementa-
tionofDOTS, tuberculosis treatment inmany resource
poor settings was chaotic, non-standardised, and
poorly monitored and consequently had little epide-
miological impact on the incidence of tuberculosis.3

The introduction of the DOTS strategy encompassing
standardised regimens for six months through directly
observed treatment has led to improvements in
treatment outcomes for many patients.
By 2005, 187 countries were implementing DOTS,

with 4.9 million cases of tuberculosis treated under the
strategy in that year alone.4 WHO reports that 84% of
new (previously untreated) patients registered with
DOTSworldwide in 2004were “successfully treated.”4

Despite this apparent achievement, the incidence of
tuberculosis continues to increase in many parts of the
world, albeit at a lower rate of increase, and has not
fallen in some countries that have achieved “good”
results as measured under DOTS.4-6

Treatment success under DOTS concerns two out-
comes—cured and treatment completed. Patients are
classified as cured if they finish the treatment regimen
with negative sputum bacteriology (most commonly
sputum smear microscopy) at the end of treatment,
whereas those adjudged as treatment completed have
finished the regimen in full without showing evidence
of treatment failure and without negative bacteriology.
Despite being assessed as cured, patients can develop
recurrent disease some time after completing treat-
ment.Thiswas thought tobe caused solelyby relapseof
the same infection. Although we now know that
reinfection with a different strain of Mycobacterium
tuberculosis is an important cause of tuberculosis
recurrence,7 8 recurrent disease is still considered to
be an importantmeasure of the efficacy of tuberculosis
treatment; it also has a major impact on patients.
High rates of tuberculosis recurrence have been

observed recently among patients reported as success-
fully treatedwithinaDOTSprogramme inUzbekistan,
a former Soviet republic in Central Asia.w7 Only sixty
fiveper cent of all successfully treatedpatientswere still
alive andalso freeof a rediagnosis of active tuberculosis
18 months after seeming to successfully finish treat-
ment. Although drug resistance is extremely high in
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this region and contributed significantly to disease
recurrence and mortality in the study population,
recurrence and mortality were also high (22%) among
the small subgroup initially diagnosed as new patients
with pan susceptible strains of tuberculosis, and
seemingly successfully treated with the recommended
DOTS regimen. The high recurrence rates in Uzbeki-
stan prompted us to question whether the standard
chemotherapy regimens for sixmonths recommended
through the DOTS strategy can be relied on for lasting
cure in individual patients. We therefore carried out a
systematic review of studies assessing tuberculosis
recurrence after successful treatment with standard
short course regimens for six months to determine the
strength and sufficiency of evidence to support current
guidelines.

METHODS

The treatment of tuberculosis as recommended in the
DOTS strategy is characterised by a standardised
approach to drug combinations, intermittency, and
time frames, largely relying on short course regimens
for six months. The DOTS guidelines recommend a
short course regimen for newly diagnosed patients
whose sputum shows smear positive results, which
starts with an intensive phase of four drugs (isoniazid,
rifampicin, pyrazinamide, and ethambutol) for two
months, followedbya continuationphaseof rifampicin
and isoniazid for four months, all given under direct
observation of treatment. When direct observation is
not feasible throughout the treatment period, the
DOTS strategy recommends a continuation phase for
six months—that is, a total of eight months’ treatment
—with self administered ethambutol and isoniazid but
states that this regimen is less efficacious owing to high
relapse.9 10

UnderDOTS, treatmentmaybegiveneitherdailyor
three times weekly for both treatment phases. Addi-
tionally, in the intensive phase ethambutol may be
replaced by the injectable streptomycin.9 The various
potential alternatives for treatments that last sixmonths
translate into a total of eight different regimens. Two
may be omitted from consideration on the assumption
that programmes are highly unlikely to adopt an
intermittent intensive phase followed by a daily
continuation phase. Hence we focus on tuberculosis
recurrence among patients successfully treated with
any of the six short course regimens for six months
recommended under DOTS (see table 2).

Search strategy

We did a comprehensive search of the published
English language literature to identify studies that
utilised any of the six regimens (regardless of dose) for
the treatment of pulmonary tuberculosis, and deter-
mined rates of recurrent disease after treatment. We
included retrospective and prospective studies and
thosewith active or passive follow-upof patients.Apart
from the specific reporting of disease recurrence by
particular treatment regimen we applied no other

criteria for the inclusion of studies. We searched three
electronic databases: PubMed (1950-December 2006),
Embase (1974-December 2006), and the Cochrane
Library controlled trials register. We used combina-
tions of several terms for the search strategy: “tubercu-
losis”, “therapy”, “treatment regimen”, “DOTS”,
“recurrence”, “relapse”, “treatment outcome”, “rifam-
picin”, and “isoniazid”. We manually searched the
International Journal of Tuberculosis and Lung Disease,
along with its precursors Tubercle, Tubercle and Lung
Disease, and theBulletin of the International Union Against
Tuberculosis and Lung Disease. Additional studies were
identified through back tracing of reference lists and
subsequent reports from the same longitudinal studies.

Data extraction and quality assessment

From the publications we abstracted information on
treatment regimen, study design, country, year of
patient enrolment, sample size, inclusionandexclusion
criteria for participants, duration of follow-up, HIV
testing, testing of susceptibility to tuberculosis drugs,
definitions of treatment success and recurrence,
measures taken to maximise adherence, default rate
during treatment, and whether recurrences were
differentiated into those caused by relapse or those
caused by reinfection.

For the assessment of disease recurrence we
abstracted data, when possible, according to the
following criteria: new tuberculosis (defined variably
as no previous treatment for tuberculosis, or less than
2-4 weeks of previous treatment); HIV negative; drug
susceptible tuberculosis (orwithoutmultidrug resistant
tuberculosis); and bacteriological confirmation of
treatment success. The primary outcome measure
was the proportion of successfully treated patients
who developed recurrent tuberculosis during the
follow-up period. No criteria were applied for the
definition of recurrent tuberculosis.

We used the exact binomial method to calculate
confidence intervals for tuberculosis recurrence.
Owing to the range of treatment regimens included
and the considerable heterogeneity in study variables
we did not carry out a meta-analysis of tuberculosis
recurrence across the included studies.

We assessed methodological quality across two
domains. Firstly, we assessed the quality of the initial
tuberculosis treatment episode through reported mea-
sures to ensure adherence and through default from
treatment. Secondly, we assessed adequacy of follow-
up to ascertain tuberculosis recurrence by the type of
method used to trace patients (active or passive
detection of recurrent disease episodes) and by the
proportion of patients excluded from the follow-up
analysis for any reason. Studies were classified as high,
average, or poor in each domain according to several
criteria (see box). As several of the included studies
were done several decades ago, we did not consider it
feasible to contact authors for missing information.
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RESULTS

Overall, 3432 citationswere identified, fromwhich131
full text articles were selected for review (fig 1). Of
these, 102were excluded: 77 did not include any of the
currently recommended short course treatment regi-
mens; 15 had no follow-up after treatment completion;
and 10 had inadequate description of treatment regi-
mens, used non-standardised regimens, or failed to
ascribe tuberculosis recurrence to a particular treat-
ment regimen. The remaining 29 articles correspond-
ing to 19 separate studieswere considered for inclusion
in the review. After detailed review, a further three
studies were excluded. Two of these were excluded on
the basis that it was not possible to distinguish between
cases who failed treatment (remained or became
positive on sputum bacteriology during treatment)
and those who developed recurrent disease after
successful treatment.10 11 The third study was excluded
on the basis that recurrence, although reported overall,
was not reported after treatment success. 12 An addi-
tional study arm in one studyw21 w22 was excluded
because, although the regimen was one of those
currently recommended, drugs were given as a
combined formulation and there were doubts as to
the adequacy of the dose of some drugs.13 It was
decided to includeoneIndian studydespite the lackof a
detailed description of the treatment regimen, as it
could be assumed that the regimen used followed the
national DOTS guidelines.w9

Study characteristics

Table 1 summarises the 16 studies (17 study arms)
included in the review.w1-w26 Nine were controlled
clinical trials (with or without randomisation of regi-
mens), whereas one was a prospective trial done under
conditions approximating those found in routine
programmes.w17 The remaining six were observational
studies, one from the pre-DOTS tuberculosis pro-
gramme inChina,w23 one describing a cohort ofminers
in South Africa,w5 w6 three more recent studies from

functioningDOTS programmes in India,w9-w11 and our
recent observational study from Uzbekistan.w7

Although at least one study arm was located for each
of five of the recommended regimens, only the
Uzbekistan study investigated the commonly used
regimen containing ethambutol with an intermittent
continuation phase.

Tuberculosis recurrence

Levels of disease recurrence after successful treatment
ranged from 0% in a small controlled clinical trial in
Singaporew21 w22 to 14% among miners in South
Africaw5 w6 (fig 2 and table 2). The South African
study was the only study that differentiated between
relapse and reinfection as the cause of tuberculosis
recurrence. Among HIV negative cases, 94% of
recurrent episodes were attributed to relapse, whereas
reinfection wasmore likely amongHIV positive cases.
In addition to the Uzbekistan and South African
studies, high rates of recurrence were also seen in the
observational studies carried out within DOTS pro-
grammes in India, a country that has adopted a fully
intermittent treatment regimen. Two of these studies
reported recurrence of more than 10%.w10 w11

Key differences between included studies

The quality of tuberculosis treatment according to the
chosen indicators varied substantially across studies
(tables 1 and 2). Although not definitive, there was a
tendency for higher recurrence rates among studies
rated as poor for tuberculosis treatment (fig 2). In
addition to variations in quality, a high degree of
heterogeneity was also found in other key factors
among the included studies, including differences
between the types of patients initially enrolled and
then excluded from the analysis of recurrence.Manyof
the clinical trials restricted enrolment, excluding

Criteria for determiningmethodological quality of included studies

Quality of tuberculosis treatment

High—significant measures taken to ensure or monitor treatment adherence; <5% default

from treatment

Average—standard adherence measures, including direct observation of doses; <10%

default from treatment

Poor—standard adherencemeasures or not stated; >10%default from treatment or default

not given

Quality of assessment of tuberculosis recurrence (follow-up)

High—active follow-upof patients (more thanonepatient contactwithin first year); <10%of

successfully treated patients excluded from analysis (for any reason)

Average—single point assessment of recurrence (active) or ongoing routine surveillance of

rediagnosis (passive); <10%of successfully treatedpatientsexcluded fromanalysis (for any

reason)

Poor—active or passive follow-up of patients; >10% of successfully treated patients

excluded from analysis (for any reason)

Potentially relevant citations identified (n=3432)

Full text articles selected for review (n=131)

Included in review (26 articles, 16 studies, 17 study arms)

Considered for inclusion (29 articles, 19 studies)

Excluded on basis of abstract review (n=3301)

Excluded (102 articles, 88 studies):
  Not currently recommended DOTS 6-month regimens
    (77 articles, 66 studies)
  No follow-up after treatment completion (15 articles,
    15 studies)
  Treatment regimens not given or not standardised, or
    outcomes not given by regimen (10 articles, 7 studies)

Excluded (3 studies):
  Insufficient information to discern relapse after
    successful treatment from failure during treatment
    (2 studies)
  Relapse not defined after successful treatment (1 study)

Fig 1 Inclusion of studies in review
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patients in poor clinical condition or with concomitant
diseases, variously described as “serious non-tubercu-
lous disease,” renal or hepatic dysfunction, poor
immune function,drugaddiction, andextrapulmonary
tuberculosis (table 1). In addition, some clinical trials

recruited only patients who were more easily acces-
sible, excluding those in rural areas. In several of the
clinical trials a tighter definition of default was used to
exclude patients from the analysis of recurrence than is
commonly used in theDOTS strategy (table 2). Under

Table 1 | Characteristics of included studies

Study location
(year of diagnosis) Study design Patients Exclusionsandchanges to treatment

Measures to ensure adherence;
default from treatment

Quality rating
(tuberculosis
treatment)

Britain (1979)w1-w3 Controlled clinical trial New, culture positive patients Concomitant illnesses (renal or
hepatic dysfunction, gout, impaired
vision), pregnancy, others not stated

Adherence measures not stated; 3%
default, 97% adherence among those
completing treatment (urine isoniazid
metabolites)

High

Argentina, Brazil,
and Thailand (year
not given)w4

Randomised controlled
clinical trial

New, smear or culture positive
patients

Concomitant disease, poor immune
function, poor renal or hepatic
function, malignancies, depression,
pregnancy

Admission tohospital for firstmonthof
treatment, otherwise self
administered; 12% default

Poor

South Africa
(1995)w5 w6

Observational study
(programme conditions)

New and previously treated, culture
positive patients

None reported Direct observation by healthcare staff;
default not given, 25% reported to
havemisseddirectlyobserved therapy
(no criteria given for “missed”)

Poor

Uzbekistan (2001-
2)w7

Observational study
(programme conditions)

New and previously treated, smear
positive patients

Treatment extended if smear positive
at end of intensive phase

Direct observation by healthcare staff;
patients admitted to hospital for
intensive phase; 17% default (8%
among new cases)

Poor

Haiti (1990-2)w8 Controlled clinical trial New patients, with clinical diagnosis
of tuberculosis

Ruralpatients—treatmentextended to
account for interruptions

Direct observation by healthcare staff;
outreach workers assigned to each
patient to ensure adherence; 8%
default, 98% of doses taken by
patients completing treatment

Average

India (1996-8)w9 Observational study
(programme conditions)

New and previously treated patients None reported Direct observation by healthcare staff;
9% default

Average

India (1999)w10 Observational study
(programme conditions)

New, smear and culture positive
patients

None reported Direct observation by healthcare staff;
25% default

Poor

India (2000-1)w11 Observational study
(programme conditions)

New, smear positive patients Treatment extended to account for
interruptions

Direct observation by healthcare staff;
16%default, 30%tookmore thannine
months to complete six months’
regimen

Poor

Singapore
(1975-7)w12 w14

Randomised controlled
clinical trial

New, smear and culture positive
patients

Concomitant psychiatric illness Direct observation by healthcare staff;
5% default

Average

Kenya, Tanzania,
Uganda, and
Zambia (1978-
80)w15 w16

Randomised controlled
clinical trial

New, smear and culture positive
patients with tuberculosis of recent
origin

Concomitant extrapulmonary
tuberculosis, poor general condition

Patients admitted to hospital
throughout treatment; 1.5% default

High

Burkina Faso
(1988-90)w17

Prospective study
(programme conditions)

New and previously treated patients
(bacteriology irrelevant)

None reported Direct observation by healthcare staff,
active defaulter tracing, patients
admitted to hospital for intensive
phase; 17% combined default and
loss to follow-up

Poor

India (year not
given)w18

Controlled clinical trial New,smearpositivepatientswilling to
beadmitted tohospital for twomonths

Concomitant disease (diabetes,
leprosy, HIV, hypertension),
pregnancy, early default from
tuberculosis treatment—treatment
extended to account for interruptions

Patients admitted to hospital for
intensive phase; 12% default

Poor

Singapore
(1979-81)w19 w20

Randomised controlled
clinical trial

New, smear and culture positive
patients

Patients missing drug susceptibility
results, patients in whom therapy was
changed or missed owing to toxicity

Direct observation by healthcare staff;
1.3% default

Average

Singapore (1983-
7)w21 w22

Randomised controlled
clinical trial

New, smear and culture positive
patients

Reasons for exclusion not stated Direct observation by healthcare staff;
6% default

Average

China (1991)w23 Observational study
(programme conditions)

New and previously treated, smear
positive patients

Treatment extended if smear positive
at end of intensive phase

Direct observation by healthcare staff;
0.3% default

Average

Hong Kong
(1991-5)w24-w26

Randomised controlled
clinical trial

New, culture positive patients Concomitant extrapulmonary
tuberculosis or large pleural effusion,
poor general condition, serious non-
tuberculosis disease, drug addicts,
early deaths while receiving treatment
—treatment extended to account for
interruptions

Direct observation by healthcare staff;
2% default

Average
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the DOTS strategy, default is defined as treatment
interruption for two consecutive months or more9; by
contrast, these clinical trials consideredpatients tohave
defaulted if they missed one or more drugs for at least
two weeks during the intensive phase, or across six
weeks overall.

Variations in measurement and reporting on two
important factors—HIV infection and the extent of
resistance to tuberculosis drugs—were also found in
this review.Attemptsweremade tonegate thepotential
influence of both factors by abstracting recurrence for
HIV negative patients or those infected with drug
susceptible strainswhen these datawere given.Despite
this, in several study arms these factors were not
measured or not adequately reported on (table 2). Key
differences also existed in definitions of treatment
success; in general, the clinical trials defined success as
bacteriological cure (either sputum smear or culture),
whereasmanyof theobservational studies reliedon the
DOTS definition of treatment success, which includes
patients who complete treatment without bacteriolo-
gical confirmation of cure (table 2).

Adequacy of assessment of tuberculosis recurrence
also varied across study arms; five studieswere rated as
poor primarily because a high proportion of patients
was excluded from the analysis of recurrence (table 2).
The impact of this exclusion is unclear, although
studies relying on passive detection of recurrent
tuberculosis aremore likely tounder-report recurrence
compared with studies using active follow-up of
patients. The definition of recurrence also varied
across study arms, ranging from a strict standard of at
least two positive cultures (of at least 5-10 colonies) at
least amonth apart andwithin a threemonth period, to
a clinical diagnosis of tuberculosis, with or without
bacteriological confirmation (as per routine practice;
table 2). Finally, the extent to which deaths were
excluded or could be attributed to recurrent disease
was also variably assessed, as was the duration of
follow-up after completion of treatment (table 2).

DISCUSSION

This review was prompted by a finding of high
tuberculosis recurrence after successful treatment
from a functioning DOTS programme utilising a
recommended short course treatment regimen for six
months.w7 We assessed whether evidence is sufficient
that the recommended treatment regimens promoted
through the DOTS strategy result in lasting cure. We
located several controlled clinical trials that show the
effectiveness of daily short course regimens under trial
conditions, but found few that report on tuberculosis
recurrence after the recommended intermittent treat-
ment regimens. Only a handful of assessments of post-
treatment or longer term outcomes from functioning
DOTSprogrammeswas found.Given thatmore than a
decade has elapsed since the start of DOTS imple-
mentation and that millions of people have been
treated under DOTS, the lack of published data on the
longer term efficacy of the recommended treatment
regimens under programmatic conditions is both
surprising and concerning.

Potential contributors to tuberculosis recurrence

In addition to the overall dearth of data, a large degree
of variation was found in tuberculosis recurrence
across the included studies, ranging from 0% to 14%.
Several factors might explain this large variation. The
studies varied not just in quality and treatment regimen
used, but also in terms of inclusion and exclusion
criteria, the presence of concomitant diseases (includ-
ing HIV infection and tuberculosis drug resistance),
and definitions of treatment success and tuberculosis
recurrence. Given the noticeable differences in key
criteria between the included studies it was not possible
to carry out a meta-analysis to assess the influence of
individual factors on recurrence. None the less, the
observed differences in recurrence may well be
explained by the key factors of daily compared with
intermittent treatment, the characteristics of patients
included in studies, and poor treatment adherence
resulting from the difficulties of direct observation of
doses.
The DOTS guidelines state that “isoniazid, rifampi-

cin, pyrazinamide and streptomycin are all as effica-
cious when given three times weekly as when given
daily.”9 The Cochrane database of systematic reviews,
however, concludes that evidence for this is insuffi-
cient, with only one study fulfilling their selection
criteria.14 A more recent large case-control study from
Hong Kong found intermittent (three times weekly)
treatment to be significantly associatedwith recurrence
when compared with daily treatment, whereas pro-
longation of treatment was protective.15 Total duration
of treatment was a significant independent predictor of
recurrence in a separate large meta-analysis assessing
the effect of HIV infection on tuberculosis
recurrence.16 The Hong Kong study also found that
cavitation and extensive disease were independently
associated with recurrence.15 In an accompanying
editorial, the authors suggested that the extent of
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Table 2 | WHO recommended DOTS (directly observed treatment, short course) six months’ treatment regimens for patients newly diagnosed with tuberculosis and data abstracted from included studies

of disease recurrence after successful treatment

DOTS regimen,
study Description of patients* No of patients

Reasons for
exclusion from
recurrence
analysis

No (%)ofpatients
assessed for
recurrence

No, % (95% CI) of
patients with
recurrent

tuberculosis) Assessment and definition of recurrence

Duration of
follow-up after

treatment (range)
Quality rating
(follow-up)

Daily regimen with
ethambutol†:

British Thoracic
Societyw1-w3

New, negative culture at treatment end; not
tested forHIV;not tested fordrugsusceptibility

141 Death, prolonged
treatment, and
lost to follow-up

127 (90) 4, 3.1 (0.9 to 7.9) Patients seen at 2 month intervals in first year
and every 3 months thereafter; <1 positive
culture within 4 months at least 2 weeks apart
or diagnosed on radiography

36 months Average

Gonzalez-Montaner
et alw4

New, negative bacteriology at treatment end;
HIV negative; not tested for drug susceptibility

153 Death and lost to
follow-up

119 (78) 1, 0.8 (0.0 to 4.6) Patients seen every 6 months; 2 successive
positive cultures

24 months Poor

Sonnenberg et
al,w5 Murray et alw6

New and previously treated patients; negative
culture or unable to produce sputum at
treatment end; HIV negative; not tested for
drug susceptibility

175 Lost to follow-up 169 (97) 24, 14.2 (9.0 to
19.7)

Patients seen at 3 and 6 months, thereafter
monitored by routine tuberculosis
surveillance; positive culture andsymptomatic
for tuberculosis; deaths not considered
recurrence

Mean 29.
5 months (17.8-

35.2)

High

Intermittent
continuation phase
regimen with
ethambutol‡:

Cox et alw7 New, DOTS treatment success; cases of
multidrug resistant tuberculosis excluded; not
tested for HIV

71 Lost to follow-up 67 (94) 9, 13.4 (6.3 to
24.0)

Retrospective review of tuberculosis registers
and clinical records; positive sputum smear;
deaths without positive smear not considered
recurrence

Median16months
(13-21)

Average

Intermittent
regimen with
ethambutol§:

Chaisson et alw8 New, DOTS treatment success; HIV negative;
data not given by drug susceptibility

212 None 212 (100) 6, 2.8 (1.0 to 6.1) Monthly contact by outreach workers and
clinical assessment every 6 months; clinical
diagnosis of tuberculosis with or without
bacteriology; deaths not considered
recurrence

Median29months High

Dholakia et alw9 New, DOTS treatment success; HIV not
reported; not tested for drug susceptibility

1483 None 1483 (100) 63, 4.3 (3.3 to 5.4) Currentandprevioushealth statusassessedat
single patient interview (or family); stated as
relapse, exact definition not given; deaths
attributed to tuberculosis counted as
recurrence

12-36 months Average

Vijay et alw10 New and previously treated, DOTS cured; HIV
not reported; tested for drug susceptibility, but
recurrence not given by drug resistance

178 Death and lost to
follow-up

132 (74) 15, 11.4 (6.5 to
18.0)

Currentandprevioushealth statusassessedat
single patient interview (or family); positive
bacteriology

Mean 24 months
(14-37)

Poor

Thomas et alw11 New, DOTS cured; HIV not reported; tested for
drug susceptibility among subset; data
inadequately reported

534 Death and lost to
follow-up

503 (94) 62, 12.3 (9.6 to
15.5)

Patients seen at 6 month intervals; positive
smear or culture

18 months High

Daily regimen with
streptomycin¶:

Singapore
Tuberculosis
Service/British
Medical Research
Councilw12-w14

New, fullysusceptible,negativebacteriologyat
treatment end;excludespatientswhomissed >
14 days treatment in intensive phase or
4 weeks overall; not tested for HIV

80 None 80 (100) 2, 2.5 (0.3 to 8.7) Patients seen monthly in first year and every
3 months thereafter; >1 positive culture
obtained at monthly intervals within 3 months

24 months High
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DOTS regimen,
study Description of patients* No of patients

Reasons for
exclusion from
recurrence
analysis

No (%)ofpatients
assessed for
recurrence

No, % (95% CI) of
patients with
recurrent

tuberculosis) Assessment and definition of recurrence

Duration of
follow-up after

treatment (range)
Quality rating
(follow-up)

British Medical
Research
Councilw15 w16

New, negative culture at treatment end;
susceptible to all drugs; not tested for HIV

197 Death, prolonged
treatment, and
lost to follow-up

166 (84) 4, 2.4 (0.7 to 6.1) Patients seen monthly in first year and every
3 months thereafter; ≥2 positive cultures
obtained at monthly intervals within 3 months

24 months Poor

British Thoracic
Societyw1-w3

New, negative culture at treatment end; not
tested forHIV;not tested fordrugsusceptibility

146 Death, prolonged
treatment, and
lost to follow-up

119 (82) 2, 1.7 (0.2 to 5.9) Patients seen at 2 month intervals in first year
and every 3 months thereafter; >1 positive
culture within 4 months at least 2 weeks apart
or diagnosed on radiography

36 months Poor

Malkin et alw17 Newandpreviously treated, treatment success
(not defined); HIV negative; not tested for drug
susceptibility

NA Death and lost to
follow-up

232 (NA) 13, 5.6 (3.0 to 9.4) Patients evaluated 12months after treatment;
positive sputum smear

12 months Poor

Mohanty and
Dhamgayew18

New, smear negative at treatment end; HIV
negative; not tested for drug susceptibility

17 None (no deaths
reported)

17 (100) 1, 5.9 (0.2 to 28.7) Patients seen at 3 and 12 months after
treatment; positive sputum smear

24 months High

Intermittent
continuation
phase regimen
with
streptomycin**:

Singapore
Tuberculosis
Service/British
Medical Research
Councilw19 w20

New, drug susceptible, negative culture at
treatment end; excludes patients who missed
≥1 drugs for 2 weeks of intensive phase or
6 weeks overall or otherwise had treatment
regimen changed; not tested for HIV

102 Death and lost to
follow-up

96 (94) 2, 2.1 (0.3 to 7.3) Patients seen at 3month intervals in first year,
every 3 months to 30 months and every
6 months thereafter; ≥2 positive cultures
obtained at monthly intervals within 3 months

60 months High

Singapore
Tuberculosis
Service,w21 Teow22

New, drug susceptible, negative bacteriology
at treatment end, and receiving treatment
regimen as separate drugs; excludes patients
whomissed >1week in first month, >2 weeks in
2months, or 6weeksoverall; not tested forHIV

47 None (no deaths
reported)

47 (100) 0, 0 (0.0 to 7.5) Patients seen monthly in first year and every
3 months thereafter; ≥2 positive cultures
obtained at monthly intervals within 3 months

18 months High

Intermittent
regimen with
streptomycin††:

Cao et alw23 New, two negative smears at or near end of
treatment;HIVnot reported;not tested for drug
susceptibility

306 None 306 (100) 10, 3.3 (1.6 to 5.9) Patients seen every 6 months after treatment
end; positive sputum smear; deaths without
positive smear not considered recurrence

24 months High

Tam et alw24-w26 New, completed trial treatment excludes
rifampicin resistant cases; not tested for HIV

NA Death and lost to
follow-up

172 (NA) 7, 4.1 (1.7 to 8.2) Patients seen every 6 months after treatment
end; positive culture or diagnosed on
radiography

Median31months
(6-48)

Poor

NA=not available.
*DOTS cured refers to patients with negative sputum bacteriology (either smear or culture) at or near end of treatment and on one previous occasion. DOTS treatment completed refers to patients that have completed treatment without

bacteriology results and without evidence of treatment failure. DOTS treatment success is defined as categories of cured and treatment completed combined.

†Isoniazid, rifampicin, pyrazinamide, and ethambutol daily for two months followed by isoniazid and rifampicin daily for four months.

‡Isoniazid, rifampicin, pyrazinamide, and ethambutol daily for two months followed by three doses of isoniazid and rifampicin weekly for four months.

§Three doses of isoniazid, rifampicin, pyrazinamide, and ethambutol weekly for two months followed by three doses of isoniazid and rifampicin weekly for four months.

¶Isoniazid, rifampicin, pyrazinamide, and streptomycin daily for two months followed by isoniazid and rifampicin daily for four months.

**Isoniazid, rifampicin, pyrazinamide, and streptomycin daily for two months followed by three doses of isoniazid and rifampicin weekly for four months.

††Three doses of isoniazid, rifampicin, pyrazinamide, and streptomycin weekly for two months followed by three doses of isoniazid and rifampicin weekly for four months.
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disease, early response to therapy, and total amount of
chemotherapy (varying by dose, duration, or inter-
mittency) were consistent predictors of relapse, con-
cluding “more extensive disease requires more
treatment, and the fewer total doses, the higher the
risk that treatment will prove inadequate.”17

Overall, potential contributors to recurrent tubercu-
losis after successful treatment include shorter total
durations of treatment (particularly rifampicin), poor
adherence during treatment (mainly during the inten-
sive phase), use of fewer than three drugs in the
intensivephase, greater disease severity and cavitation,
high bacterial load, smoking, being male, the presence
of concomitant disease, being underweight, and infec-
tion with HIV.15 16 18-21w11 w26 Far from being rare,
greater disease severity, difficulties with adherence,
and the presence of concomitant diseases are all
commonplace in settings with a high burden of
tuberculosis, which commonly are characterised by
poverty, malnutrition, high rates of HIV infection, and
poor access to health care. The differences in disease
recurrence across the included studies might be
explained by the setting itself along with the exclusion
from some studies of patients with the factors most
likely to contribute to recurrent disease.
Direct observation—whether daily or three times

weekly—is particularly difficult, as it typically requires
weak patients to expend time, energy, and money to
attend health centres regularly, over long periods. In
practice, when distance or difficult terrain present
obstacles, direct observation of all doses is unlikely to
be occurring, therefore in such settings 100% adher-
ence is also unlikely, even amongpatients not classified
as defaulting. Measures taken to optimise adherence
and support patients receiving treatment may well be
important influences on later disease recurrence.

Study limitations

The main limitations to this review are twofold: the
small number of studies located and their extreme
heterogeneity. The heterogeneity precludes a more
detailed analysis that might explain differences in
tuberculosis recurrence after successful treatment. At
the same time the features that emerge as limitations for
the review, together with the variation in disease
recurrence reported, are themselves the review’s key
findings and underpin our call for more detailed
evaluation of functioning tuberculosis programmes in
high burden settings.
Only one study differentiated true relapse from

reinfection with a different M tuberculosis strain after
successful treatment. This study among South African
miners found that most recurrences among HIV
negative patients were due to relapse.w5 w6 Reinfection
has been reported to account for up to 77% of disease
recurrences, however, depending on the prevalence of
tuberculosis in the community and the prevalence of
HIV infection.8 22 The extent to which reinfection
contributes to the proportions of disease recurrence
identified in this review is therefore unclear.

The lack of data on tuberculosis recurrence from
developed countries for purposes of comparisonmight
also be considered a limitation. Although several
studies reported tuberculosis recurrence and even
differentiated between relapse and reinfection from
developed nations such as theUnited States, in general
these studies report outcomes after a range of non-
standardised regimens or use twiceweekly intermittent
regimens,22 23 and are therefore not directly compar-
able to those in this review. It is, however, recognised
that recurrent tuberculosis may be important in such
settings; the guidelines for tuberculosis treatment from
the American Thoracic Society recommend that
treatment be extended by several months for those
with cavitary disease and slow bacteriological conver-
sion, defined as at high risk of relapse after treatment.24

Because treatment is often individualised in resource
rich settings, it is difficult to compare tuberculosis
recurrence in such settings with the use of standardised
regimens under the DOTS strategy in developing
nations.

Implications of high tuberculosis recurrence

At present the effectiveness of interventions in
controlling tuberculosis is determined by end of
treatment outcomes and estimates of case detection.
Countries that implement DOTS normally report
patient numbers and end of treatment outcomes
annually to WHO. These figures are used to assess
progress in tuberculosis control and to predict changes
in incidenceandprevalence.4 5Theglobal targets set for
tuberculosis control are to detect 70% of new sputum
smear positive cases and to successfully treat 85% of
these cases.25 Mathematical modelling suggests that
achievement of the targets will precipitate an overall
annual 6%-7% reduction in tuberculosis incidence.26 If,
however, disease recurrence is substantial, current end
of treatment targets may be too low to bring about the
predicted declines in incidence.
The rise of multidrug resistant tuberculosis and

extensively drug resistant tuberculosis have prompted
renewed calls for more effective drugs and newer
shorter treatment regimens for tuberculosis.27 28 The
results presented here suggest that any new regimens
should undergo not only the rigorous clinical trials
required for approval of new drugs and regimen
combinations but also be trialled under routine
programmatic conditions. As well, these evaluations
should extend beyond the end of treatment and,
ideally, not only differentiate between relapse and
reinfection but also consider the complex implications
of coinfection with HIV.
Globally, the incidence of tuberculosis is continuing

to increase and is expected to reach 150 per 100 000 by
2015, representing more than 10 million new cases a
year.4 Although the increase in tuberculosis case
numbers is being fuelled by the HIV epidemic in
Africa, factors such as poor case detection, a selective
focus on smear positive patients, and, potentially,
recurrent disease may be instrumental in Africa and
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elsewhere. The implementation of the DOTS strategy
has undoubtedly improved the outcomes for many
millions of patients. However, treatment regimens that
can only produce good outcomes reliably under
“ideal” conditionsmaybe of limited use in high burden
settings, where challenges for the provision of even
basic health services are manifold and complex.
Research is urgently needed to determine the most
effective approaches to tuberculosis control in the new
millennium.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

WHOrecommendsthatpatientsnewlydiagnosedwithpulmonary tuberculosisbegivenashort
course of treatment for six months, daily or intermittently, through the DOTS strategy

A proportion of patients redevelop disease after treatment stops; tuberculosis recurrence is a
useful indicator of treatment efficacy

WHAT THIS STUDY ADDS

A limited number of studies have assessed tuberculosis recurrenceafter successful treatment

The wide variation in recurrence rates suggests that treatment regimens recommended under
DOTS may not be universally successful
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