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ABSTRACT
Background The rate of pulmonary tuberculosis (TB) 
recurrence is substantial. Identifying risk factors can 
support the development of prevention strategies.
Methods We retrieved studies published between 1 
January 1980 and 31 December 2022 that assessed 
factors associated with undifferentiated TB recurrence, 
relapse or reinfection. For factors reported in at least four 
studies, we performed random- effects meta- analysis 
to estimate a pooled relative risk (RR). We assessed 
heterogeneity, risk of publication bias and certainty of 
evidence.
Results We included 85 studies in the review; 81 
documented risk factors for undifferentiated recurrence, 
17 for relapse and 10 for reinfection. The scope for meta- 
analyses was limited given the wide variety of factors 
studied, inconsistency in control for confounding and the 
fact that only few studies employed molecular genotyping. 
Factors that significantly contributed to moderately 
or strongly increased pooled risk and scored at least 
moderate certainty of evidence were: for undifferentiated 
recurrence, multidrug resistance (MDR) (RR 3.49; 95% 
CI 1.86 to 6.53) and fixed- dose combination TB drugs 
(RR 2.29; 95% CI 1.10 to 4.75) in the previous episode; 
for relapse, none; and for reinfection, HIV infection (RR 
4.65; 95% CI 1.71 to 12.65). Low adherence to treatment 
increased the pooled risk of recurrence 3.3- fold (95% CI 
2.37 to 4.62), but the certainty of evidence was weak.
Conclusion This review emphasises the need for 
standardising methods for TB recurrence research. Actively 
pursuing MDR prevention, facilitating retention in treatment 
and providing integrated care for patients with HIV could 
curb recurrence rates. The use of fixed- dose combinations 
of TB drugs under field conditions merits further attention.
PROSPERO registration number CRD42018077867.

INTRODUCTION
In 2020, an estimated 155 million people 
had survived tuberculosis (TB).1 Life after 
TB may encompass chronic complications 
such as bronchiectasis and obstructive pulmo-
nary disease, socioeconomic hardship due 
to catastrophic health expenditure2 and 
psychosocial problems potentially aggravated 
by stigma.3–6 Mortality in people previously 

treated for TB is three times higher than in 
the general population, which is partially due 
to recurrent TB, a new TB episode after a 
successfully treated one.7

Recurrence can result from an exogenous 
new infection or from relapse through endog-
enous reactivation of the first infection.8 9 In 
high TB incidence settings, the recurrence 
rate has been estimated to be 4.10 (95% CI 
2.67 to 6.28) per 100 person- years among 
patients followed- up for on average 2.3 years 
after cure.10 The probability of recurrent TB 
has been linked to suboptimal treatment 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Recurrence of pulmonary tuberculosis (TB) has been 
linked to sociodemographic and behavioural patient 
factors, clinical and treatment characteristics of the 
previous episode, and presence of comorbidities. 
Existing reviews on individual- level risk factors for 
recurrence do not provide pooled estimates of their 
effects, or do not distinguish between relapse and 
reinfection, or look at only one specific factor.

WHAT THIS STUDY ADDS
 ⇒ Our review shows that methodological divergence of 
original research studies limits the scope for meta- 
analyses. We found, with at least moderate certainty 
of evidence, that the following factors are associ-
ated with a moderate or strong increase in risk: for 
undifferentiated recurrence, multidrug resistance 
and fixed- dose combination TB drugs in the previ-
ous episode; for relapse, none; and for reinfection, 
HIV comorbidity. We also observed, but with weak 
evidence, that low adherence to treatment is a mod-
erate risk factor for recurrence.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ Identification of risk factors should provide a basis 
for designing preventive strategies that will reduce 
the recurrence rate of TB. In addition, it seems ad-
visable to carefully reassess the use of fixed- dose 
TB drug combinations.
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(irregular medication intake, use of regimens with low 
bactericidal potency, inadequate treatment duration or 
poor dosing and failure to adapt treatment to pre- existing 
resistance),11 12 to individual vulnerability resulting from 
immune status (such as in HIV infection)13 and to the 
probability of exposure to the agent (for reinfections), 
which depends on the local TB burden, transmission 
patterns, contact networks, and living and working 
conditions.14

Identifying patients with TB at high risk for recurrent 
TB supports the design of prevention strategies such as 
selective and close follow- up to ensure early detection 
and treatment. Few studies have systematically reviewed 
risk factors for recurrent TB and their mechanisms. 
Lambert et al8 found that the frequency of reinfection 
varied widely (ranging from 0% to 100% of the cases 
of recurrence) but only found one study that identify 
HIV infection as a significant risk factor for reinfection. 
Panjabi et al15 identified associations of smoking, poor 
treatment adherence, residual lung cavitation, large 
area of affected lung tissue, positive sputum culture at 
2 months of treatment and HIV infection with undiffer-
entiated TB recurrences, but they did not provide pooled 
estimates of their strength.

Systematic reviews from the last decade have looked 
into the role of specific factors: HIV in Africa,16 diabetes 
mellitus17 18 and duration and type of treatment.19 
Research on risk factors for recurrences differentiated 
by genotyping has arisen lately. A review20 that included 
studies which used genotyping methods extracted a 
restricted set of a priori defined factors and analysed the 
likelihood for relapse versus reinfection given their pres-
ence, but not the relative risks (RRs) for these adverse 
outcomes associated with the presence versus absence of 
the factors. An individual patient meta- analysis of three 
trials21 found that cavitary disease and smear positivity at 
2 months of treatment were the best markers for relapse 
in patients treated with a standard 6- month regimen.

We follow up here on our previous review10 that looked, 
at an ecological level, into environmental and study 
factors that were determinants of the incidence of recur-
rent TB and the proportion of reinfections and relapses. 
The present systematic review and meta- analysis aims to 
summaries the literature on patient- level factors associ-
ated with recurrence, relapse and reinfection.

METHODS
Search strategy and selection process
We followed the Preferred Reporting Items for Systematic 
Reviews and Meta- Analyses checklist22 (online supple-
mental appendix 1) and registered the review protocol 
via the PROSPERO platform (CRD42018077867). We 
searched MEDLINE/PubMed, Cochrane, LILACS 
and SciELO for observational studies and clinical trials 
assessing risk factors for TB recurrences, reinfections 
or relapses, published between 1 January 1980 and 31 
December 2022 in English, French or Spanish. The 

full search strategy is detailed in online supplemental 
appendix 2. In summary, for all databases, key search 
terms included variations on the concept “tuberculosis 
AND (recurrence OR reinfection OR relapse OR reacti-
vation)”and for Medline/PubMed we used, additionally, 
related medical subject headings (MeSH) terms. We also 
reviewed references of included articles.

We checked for duplicates using Covidence systematic 
review software, Veritas Health Innovation (available at 
www.covidence.org) and manually. We included studies 
reporting, or providing data that allowed us to derive, 
estimates of the strength of association between candi-
date risk factors (exposure) and recurrent TB, relapses 
or reinfections (outcome). We defined recurrent TB 
as a new TB diagnosis following a successfully treated 
pulmonary TB episode, according to WHO reporting 
framework definition23; relapses and reinfections were 
recurrent episodes differentiated by means of genotyping 
techniques comparing the initial and recurrent TB strain 
in the primary studies. Three authors (VV, JC- S and SR) 
independently screened titles and abstracts, reviewed full 
texts and extracted data. Uncertainties on study inclu-
sion and data extraction were solved by consensus, or by 
discussion with a fourth author (LO).

Data collection
We extracted data on general study characteristics, 
methods of ascertainment of exposure factors and of 
recurrent episodes, and type and length of follow- up. 
For studies differentiating between reinfection and 
relapse, we extracted genotyping methods used and the 
percentage of DNA sample availability to conduct geno-
typing for both episodes. We extracted unadjusted and 
adjusted estimates of strength of association (rate, risk, 
ORs and HRs) with CIs as reported by the authors. In 
case a multivariable analysis was done, we also extracted 
the set of variables included in the final model. If no asso-
ciation estimates were reported for a factor we extracted, 
when provided, data to calculate the corresponding 
association estimate. We calculated the estimates based 
on the raw data reported in the studies using the epiR 
package in Rstudio V.1.4.1106. In case of zero events, we 
added 0.5 to all cells in the 2×2 table. For factors related 
to treatment regimen characteristics, we extracted data 
from clinical trials that included TB recurrence as an 
outcome.

Study risk of bias assessment
We appraised the quality of the studies using the Quality In 
Prognostic Factor Studies (QUIPS) tool24 which includes 
the domains: study characteristics, study attrition, factor 
measurement, outcome measurement, adjustment for 
other factors, and statistical analysis and reporting. Full 
criteria are described in online supplemental appendix 
3. The assessment was performed independently by two 
reviewers (VV, SR and JC- S in pairs) and discrepancies 
were solved by discussion with a fourth author (LO). We 
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also obtained an overall judgement. Studies were classi-
fied as good quality if they had low risk of bias for all 
domains, poor quality if they had high risk of bias in at 
least one domain and fair quality otherwise.

Data analysis
We grouped the extracted factors in (1) sociodemo-
graphic characteristics, (2) behavioural characteristics 
of the patient, (3) clinical characteristics of the previous 
TB episode, (4) treatment characteristics of the previous 
TB episode and (5) comorbidities. To be included in the 
quantitative pooled estimate synthesis, a factor had to be 
reported in at least four studies.

We performed meta- analyses of association estimates of 
factors related with recurrent TB, relapse and reinfection. 
We obtained the pooled estimates using random- effects 
approaches (DerSimonian and Laird method) available 
in the meta package via the command ‘metagen’ in 
Rstudio V.1.4.1106. In view of the low incidence of recur-
rent TB and the limited average risk period considered, 
we assumed HR and OR to adequately approximate RR.

Assessment of heterogeneity
We assessed heterogeneity by inspection of forest plots 
for all factors included in the quantitative synthesis. In 
addition, we also considered the I2 statistic and the corre-
sponding χ2 statistical test. We explored causes of heter-
ogeneity and reported it in the assessment of certainty of 
evidence.

Assessment of reporting bias
For exposure factors evaluated in 10 or more studies, we 
generated funnel plots and used Egger’s test to check 
their symmetry.

Assessment of certainty of evidence
We evaluated the certainty of evidence using the Grading 
of Recommendations, Assessment, Development, and 
Evaluations (GRADE) approach25 for all factors included 
in the quantitative analyses.

Patient and public involvement
None.

RESULTS
Study selection and study characteristics
Our search yielded 5676 unique records (figure 1). 
Through screening of titles and abstracts, we identified 
540 records for full- text review. Forty- one full- text records 
were not available, thus we reviewed 499 records. Eighty- 
five records assessed factors associated with either recur-
rent TB, reinfection or relapse. Thirty- one were trials, 
27 prospective cohort studies, 17 retrospective cohort 
studies, 8 case–control studies, 1 cross- sectional study and 
1 individual patient data meta- analysis that provided more 

information than the primary studies. Among them, 81 
studies reported factors for undifferentiated recurrence, 
17 for relapses and 10 for reinfections. Enough data for 
meta- analysis was available for 56 studies for undifferen-
tiated recurrence, 15 for relapses and 8 for reinfections. 
Online supplemental appendix 6 lists the included arti-
cles and online supplemental appendix 7 the excluded 
articles, with a reason for exclusion. The characteristics 
of included studies are presented in online supplemental 
appendix 4, online supplemental table S1. Twenty- nine 
studies included a multivariable analysis; details on 
variable selection and model building are presented in 
online supplemental table S2.

Study risk of bias assessment
Figures 2 and 3 show the risk of bias assessment using the 
QUIPS Tool. The complete results of quality appraisal 
per record and per domain are available in online 
supplemental tables S3 and S4. Overall evaluation of 
studies on undifferentiated recurrence resulted in 26 
studies with good, 26 with fair and 29 with poor overall 
quality. The main reasons for low- quality rating were that 
the observed effects of the factor were very likely to be 
distorted by confounding, and that the reported results 
were very likely to be spurious or biased for methodo-
logical reasons. Other causes were inadequate reporting 
on patient follow- up, on methods to measure risk factors 
and on non- microbiological diagnostic criteria for recur-
rent TB.

For studies addressing factors related to reinfection 
or relapse, there were eight with good, two with fair 
and seven with poor overall quality. In addition to the 
main reasons mentioned above, low availability of DNA 
samples from both episodes for genotyping compro-
mised the quality of several studies.

Overview of factors analysed
We included 20 factors in our quantitative analysis: 
Sociodemographic characteristics: male sex, illiteracy, 
rural resident versus urban; Behavioural characteristics 
of the patient: smoking and alcohol consumption; Clin-
ical characteristics of the previous TB episode: cavitary 
disease, smear positivity at diagnosis and smear or culture 
positivity at month 2 after treatment initiation, previous 
TB episodes, multidrug resistance (MDR), any drug 
resistance patterns and advanced radiographical extent 
of TB disease; Treatment characteristics of the previous 
TB episode: rifampicin less than 6 months vs 6 months, 
rifampicin more than 6 months vs 6 months, use of fixed- 
dose combinations of TB drugs and low TB treatment 
adherence; Comorbidities: HIV infection, body mass 
index <18.5 kg/m2, chronic lung disease and diabetes 
mellitus. The individual study estimates for these factors 
are detailed in online supplemental table S5 and S6.

Data synthesis
Pooled unadjusted RR estimates for undifferentiated 
recurrences and for reinfections and relapses for factors 
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reported by at least four studies are presented in tables 1 
and 2, respectively. Forest plots are provided in online 
supplemental appendix 5, figure S1–S24. For undifferen-
tiated recurrences, the risk increase is below twofold for 
all factors except for low TB treatment adherence (pooled 
RR 3.31) and MDR (pooled RR 3.49) in the previous 
episode. For relapses, none of the factors showed a signif-
icant association, and for reinfections, HIV infection, the 
only factor that could be pooled, showed a strong signifi-
cant association (pooled RR 4.65).

Online supplemental table S8 summarises the results 
of studies that report multivariable analyses for the above 
factors—controlling for vastly varying sets of confounding 
factors—and specifies the number of studies, the number 

that found a significant association, and the minimum, 
median and maximum of the adjusted estimates.

Assessment of heterogeneity
For studies on undifferentiated TB recurrences, heter-
ogeneity was categorised as high for rural resident (vs 
urban), previous TB episode, MDR, any drug resist-
ance, rifampicin more than 6 months vs rifampicin for 
6 months and diabetes mellitus; as moderate for male 
sex, literacy, HIV, chronic lung disease and rifampicin 
less than 6 months vs rifampicin for 6 months during the 
previous episode; and as low for, smoking and alcohol 
consumption, smear or culture positivity at 2 months 

Figure 1 Flowchart of study selection
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treatment, cavitary disease, smear positivity at diagnosis, 
advanced radiographical extent of previous TB disease, 
low treatment adherence and body mass index <18.5 kg/
m2.

For relapses, male sex and HIV infection have moderate 
heterogeneity, and rifampicin less than 6 months has high 
heterogeneity. For reinfections, HIV shows moderate 
heterogeneity.

Assessment of reporting bias
No manifest publication bias was identified on inspection 
of the funnel plots (online supplemental figure S25–S29) 
and with the Egger’s test for the association between the 

factors gender, HIV, cavitary disease and smoking and 
diabetes mellitus.

Assessment of certainty of evidence
The GRADE evidence assessment is shown in online 
supplemental table S9. For this review, we did not down-
grade quality of evidence based on study design as 
observational studies are adequate to assess risk factors. 
Regarding undifferentiated recurrences, we found 
moderate certainty of evidence for clinical characteris-
tics of the previous TB episode: cavitary disease, MDR 
and smear positivity at diagnosis and high certainty of 
evidence for treatment characteristics of the previous 

Figure 2 Risk of bias assessment with the QUIPS Tool for studies of undifferentiated recurrence. QUIPS, Quality In 
Prognostic Factor Studies.

Figure 3 Risk of bias assessment with the QUIPS Tool for studies of relapse and/or reinfection. QUIPS, Quality In Prognostic 
Factor Studies.
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episode: fixed- dose drug combination. We found 
moderate certainty of evidence for the association 
between HIV infection and TB reinfection. For all other 
risk factors, be it for recurrence, relapse or reinfection, 
we found certainty to be low or very low.

DISCUSSION
We reviewed studies on individual risk factors for TB 
recurrence, relapse or reinfection and document a wide 
array of sociodemographic and behavioural factors, clin-
ical and treatment characteristics of the previous episode, 
and comorbidities that have been investigated over the 
past four decades. Our meta- analysis identified only a few 
factors that significantly contribute to at least a moder-
ately or strongly increased risk and at the same time score 
at least moderate certainty of evidence: MDR and fixed- 
dose combination TB drugs in the previous episode for 
recurrence; none for relapse; and HIV infection for rein-
fection.

We aimed to address risk factors for relapses and rein-
fections independently, but the small number of studies 
employing molecular genotyping severely hampered 
separate meta- analyses and compelled us to also analyse 
risk factors for undifferentiated recurrences. While the 
underlying mechanisms of relapses and reinfections are 
fundamentally different, overlap of risk factors cannot 
not be excluded, but when studying undifferentiated 
recurrence, they become intertwined. Furthermore, a 
fully comprehensive approach should have considered 
alongside individual factors environmental characteris-
tics, background TB incidence and control programme 
attributes to start with, as well as characteristics of the 
included studies such as design and length of patient 
follow- up. This could in theory be done using multi-
level meta- analysis methods, but the available data did 
not allow it. The above is further compounded by widely 
different factors being included in the reviewed studies 
and different definitions being used for the same factor 
and substantial lack of consistency across studies in the 
sets of variables used to control for confounding which 
limited us to rely on unadjusted estimates for our main 
meta- analyses. All this taken together might in part 
explain the meagre catch of our meta- analyses. Note-
worthy, the aforementioned characteristics constitute 
sources of methodological heterogeneity that add to 
the clinical heterogeneity that arises from differences in 
patient characteristics such as age, sex and comorbidities.

Sociodemographic and behavioural characteristics of 
patients, although generally statistically significant, only 
showed weak pooled associations with undifferentiated 
recurrence and low to very low certainty of evidence. 
Although the studies included in our meta- analysis 
pointed at smoking and alcohol consumption as risk 
factors for recurrence, inadequate analysis and indirect-
ness was a major issue for the certainty of the evidence. 
Of note, the adjusted effect of smoking tended to be of 
moderate strength in the studies that somehow controlled Ta
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for confounding. The absence of data prevented a sepa-
rate analysis of its effect on relapse and reinfection. Still, 
smoking and alcohol consumption are known to be asso-
ciated to the risk of TB as such26 27 and could be addressed 
by TB programme interventions.

Regarding the characteristics of the previous TB 
episode, MDR showed a strong positive pooled associa-
tion with undifferentiated recurrence, with moderate 
certainty of evidence. MDR TB treatment is less effective 
than treatment of susceptible TB28 29 and causes more 
side effects,30 which hampers adherence. For cavitary 
disease, we found, with moderate certainty of evidence, 
a significant but small effect on recurrence. It is known 
that poor vascularisation in cavities limits delivery of 
TB drugs, possibly resulting in incomplete sterilisation 
increasing the risk of relapse.31 We also document a weak 
pooled risk for smear positivity at month 2 of treatment, 
with low evidence due to high risk of bias and indirect-
ness in the primary studies. Previous meta- analyses21 32 
have concluded that cavitary TB and smear positivity at 
month 2 were potentially useful prognostic factors, but 
our review casts doubts on that. On the other hand, more 
than one previous TB episode moderately increased the 
pooled risk for undifferentiated recurrence, but major 
heterogeneity among studies compromised the certainty 
of evidence. We hypothesise that this finding reflects that 
higher background TB incidence increases the occur-
rence of reinfection, as found previously.10 33 Finally, 
although our review did not provide evidence that clin-
ical sequelae of the previous episode increase the risk of 
reinfection, this is attributable to lack of data and signals 
that pathological structural changes such as bronchiec-
tasis, fibrosis or residual cavitation, which lead to post- TB 
lung disease,34 require further research.

Our meta- analysis singled out low adherence as a 
treatment characteristic of the previous TB episode that 
increases the risk of recurrence over threefold. However, 
the certainty is low, and no included study reported an 
estimate of this effect separately for relapse. In line with 
the results of previous reviews on drug treatment,19 35 our 
meta- analyses for both relapse and recurrence pointed 
to a moderately increased risk for regimens including 
less than 6 months of rifampicin, be it with low certainty 
due to indirectness and heterogeneity among studies. 
For treatment of the previous episode with fixed- dose TB 
drug formulations, we found a moderate, significantly 
positive pooled effect on recurrence, with high certainty. 
Low bioavailability, particularly of rifampicin, has been 
described for such formulations,36 37 which could hamper 
elimination of bacilli. On the other hand, these formu-
lations have been found to increase adherence. As can 
somewhat be expected, no TB treatment- related factors 
were studied separately in relation to reinfection.

Comorbidities’ effects on recurrence of TB are related 
to immune depression increasing the risk of TB progres-
sion once reinfection occurrs and potentially due to 
possible continuous exposure at high- risk places such 
as health facilities.38 39 We found only a weak pooled 

association of HIV infection with undifferentiated recur-
rence, with low certainty of evidence. However, while 
there was no indication of an association between HIV 
and relapse, our separate meta- analysis for reinfection 
indicated an RR close to 5 with moderate certainty of 
evidence. Overall, this is consistent with older reviews 
from the 2000s15 33 that looked into undifferentiated 
recurrence. Unfortunately, very few studies assess the 
effect of HIV stage. For diabetes mellitus, we found a 
significant but weak pooled association with recurrence. 
No study looked separately into relapse and reinfection. 
A systematic review specifically on the subject of diabetes 
mellitus18 similarly found an RR below 2 and consider-
able heterogeneity. Adequate glycaemic control reduces 
TB recurrence.40 It was never adequately adjusted for in 
the studies we included, which could have contributed 
to the observed heterogeneity.

From a methodological point of view, our review calls 
attention to the conceptual complexity of studying risk 
factors for recurrent TB, reinfection and relapse, as well 
as to the need for standardising methods and definitions, 
more systematically assessing confounding, and meticu-
lously using DNA fingerprinting in research studies. We 
recommend to adopt strict terminology and to reserve 
the term recurrence for any new episode after treatment 
and use reinfection or relapse only if genotyping was 
performed. We also encourage more transparency and 
completeness in describing the methods used. This will 
allow better insight into methodological as opposed to 
contextual heterogeneity, the latter being due to differ-
ences in study setting characteristics. We propose to 
collect information on and adjust for age, sex, HIV status 
and treatment adherence as a minimum set of factors to 
address confounding at the individual level. Improving 
the quality and the scope of routine data collection and 
systematic exploitation of the information contained 
in health information systems could further contribute 
to obtaining more robust evidence on the risk factors 
for recurrence. In addition, studies on mechanisms 
that address the intermediary pathogenetic process are 
required.

As for the subject matter, the characteristics of the envi-
ronment and TB control programme implementation 
play an important role in the frequency of recurrence 
and the relative proportion of reinfection and relapse, 
as previously demonstrated.10 With the present systematic 
review, we identified major risk factors at the individual 
level that are personal characteristics or related to TB 
programme strategies for treatment delivery and care. 
Behavioural factors could be addressed, among others, 
by implementing existing guidelines, for example, on 
smoking cessation interventions. TB programmes should 
also more actively pursue retention in treatment and 
provide integrated care for patients with HIV or diabetes. 
Secondary prophylaxis with isoniazid after TB treatment 
completion was found to be protective in HIV- infected 
people41 42 and could be systematically considered. Finally, 
successfully treated individuals must be made aware of 
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post- TB health and the risk of recurrence and be encour-
aged to immediately seek care if symptoms arise.
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