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Precision of terms
This review uses four terms to refer to the presentation of new 

tuberculosis episodes once the initial disease has cured. Recurrence 
is used in reference to a second episode of tuberculosis without 
specifying the mechanism through which it is presented. Relapse 
refers to the presentation of a second tuberculosis episode at a global 
level and is also used to refer to second episodes of the disease through 
an endogenous pathway. Reactivation is used specifically in reference 
to an endogenous relapse. Lastly, reinfection is only used in relation 
to the exogenous mechanism.

Background
Tb Relapse

The term relapse refers to tuberculosis cases that have been treated 
and declared cured, or that have received complete treatment and are 
once again diagnosed with an episode of TB, regardless of this being 
a true relapse or a new episode caused by reinfection.1 Depending on 
the relapse mechanism, two main forms are known: reinfection or 
infection through an exogenous pathway with a new Mycobacterium 
tuberculosis genotype, and reactivation through an endogenous 
mechanism with the same genotype that had been treated.

Genotyping by molecular biology techniques can be used to 
differentiate between the two relapse mechanisms. There are three 
main methods: Spoligotyping,2 MIRU VNTR,3 and RFLP-IS6110.4

Objectives
To determine the magnitude of the association between HIV 

infection and tuberculosis relapse through consolidation and 
evaluation of available evidence.

Secondary objectives

a.	 To discriminate between tuberculosis relapse mechanisms based 
on endogenous or exogenous pathways through three genotyping 
methods in patients with and without HIV infection.

b.	 To evaluate the association based on local TB prevalence and 
treatment scheme.

Methods
Study types:  Observational cohort-type studies that determined 
relapse diagnosis through one the the above mentioned genotyping 
techniques or a combination of these, and, where possible, an 
identification of the patient’s serological state.

Participant type: Patients with a background of cured tuberculosis 
through combined treatment, regardless of age.

Exposure type:  Infection with human immunodeficiency virus in 
carrier state, and stage 1 to 3 infection according to CDC.5

Result types:

Primary results:  Global tuberculosis relapse and relapse through 
reinfection or reactivation mechanisms.

Secondary results: Resistance to Antituberculosis drugs, mortality, 
time until event (relapse), multiple relapse episodes.

Search methods for study identification: MeSH terms, Entree, and 
free language were used, along with truncators, Boolean connectors, 
orthographic variations, and abbreviations. No language types or year 
restrictions were used.
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Abstract

Aim:  The systematic review objective is determine the magnitude of the association 
between HIV infection and TB relapse.

Background: Relapse refers to tuberculosis (TB) cases that have been treated and declared 
cured, or that has received complete treatment and is once again diagnosed with an episode 
of TB.

Materials and methods: Cohort-type studies that applied one or more genotyping methods 
and characterized the serological HIV status of patients were selected. Medline, Embase, 
BVS, and SciELO databases were used, along with Google and Google Scholar search 
engines, electronic journals in the Sinab network, grey literature, and bibliographical 
references from selected studies. Meta-analyses of subgroups were constructed according 
to the genotyping method, TB prevalence, and relapse definition. Risk of bias was evaluated 
and a sensitivity analysis was performed. OR estimators were established with and without 
studies that contributed the highest levels of heterogeneity.

Results:  Eleven studies with 8941 patients were included. HIV (+) patients show 1.8 
times greater risk than HIV (-) patients of presenting global relapse OR 1.78 [1.34, 2.38]. 
Regarding endogenous relapse, HIV is influential only in low prevalence zones OR 2.09 
[1.03, 4.27], while for exogenous relapse, it is influential in high prevalence zones OR 4.42 
[1.56, 12.57].

Conclusion:  HIV is a prognostic factor for TB relapse. This relation is influenced by 
prevalence.

Keywords:  Tuberculosis, Recurrence, HIV, Genotyping techniques, Polymorphism 
restriction fragment length, RFLP, VNTR sequences, Spoligotyping
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Electronic databases search:  The search strategy design process 
was supported by the coordinator of the Cochrane Group of Sexually 
Transmitted Infections of the Universidad Nacional de Colombia. 
Highly sensitive search strategies were used. MEDLINE®, 
EMBASE®, Google and Google Scholar, Bireme/ BVS, Science 
Direct, the first 1000 titles were included for this search, Electronic 
journals of the Sinab network related to tuberculosis.

Searches in other sources:  Grey literature studies were obtained 
from relevant Open Rey6 electronic journals and databases. Congress 
abstracts related to tuberculosis and relapse were consulted, and 
bibliographical references were searched in the selected studies.

Data collection and analysis

Selection of studies, Data extraction and management

Two revisors independently reading titles and abstracts, and 
discrepancies were resolved through consensus, they extracted 
data through a standardized format. The data was compared and 
discrepancies were resolved by a collective review of the articles.

Bias risk evaluation in the included studies

The evaluation was done independently by two revisors, and the 
following tools were applied: Minors Methodological Index for Non-
Randomized Studies7 and Quality appraisal in systematic reviews of 
prognosis studies.8

Measurement of the effect

Dicotomic data: The odds ratio, with IC 95%, was used for dicotomic 
data presentation. Data was processed with the programs Review 
Manager 5.39 and RStudio.10

Continuous data:  time until event Relapse rates between exposed 
and non-exposed groups were compared; hazard ratios were estimated 
with confidence intervals of 95%.

Heterogeneity evaluation

Study heterogeneity evaluation was done by elaborating a forest 
plot for global relapse and relapse by one of the two mechanisms. 
Additionally, the I2 statistic was calculated, using the inverse 
variance method, in order to determine study heterogeneity and 
to consider performing a meta-analysis through a random-effects 
model. To calculate T2, the maximum likelihood method was 
used.11 Furthermore, a Galbraith plot was done in order to identify 
the studies that contributed the greatest heterogeneity, and florest 
plot were constructed with and without the studies that contributed 
heterogeneity.

Evaluation of publication bias

A funnel plot was done and an Egger’s test was applied.

Analysis by subgroups

a.	 According to the genotyping method employed.

b.	Tuberculosis prevalence (low < 100 cases/100.000 inhab. - high 
> 100 cases/100.000 inhab.).

c.	 Relapse mechanism

Sensitivity analysis

A global estimation, in addition to an estimation with only low 
bias risk-studies according to each of the evaluation methods, was 
done in order to identify variations in the OR estimator due to the 
methodological quality of the studies.

Ethical considerations

The research question and protocol to answer it consider the ethical 
principles of health research and investigation norms. The research 
protocol was approved by the ethics committee of the Facultad de 
Medicina of the Universidad Nacional, although it was not disclosed 
on the web.

Results
Search results

The search was performed on the referenced databases and other 
resources, by applying search strategies. 14 studies were selected12-24 
(Table 1), including 11 that contributed complete data, and three 
additional studies which did not provide information Caminero, 
Narayanan & Cacho et al.20,24,25 Electronic correspondence was mailed 
to the authors requesting the missing information. A response was 
obtained from two of them, who claimed to not have access to the 
missing information (See Figure 1).

Figure 1 Flow chart of included studies.

Included studies

General characteristics

Table 1 shows a description of the main data from the studies. The 
14 cohorts represent diverse populations: from localized groups with 
high risk, such as miners, to other more generalized groups taken from 
national vigilance systems; a third group was centered on hospitals 
or clinics, and the latter of these was composed of follow-up cohorts 
assembled after finalizing clinical trials. All of these cohorts included 
adult patients with cured tuberculosis by combined treatment.

Global relapse and relapse mechanisms

Among the 14 included studies, 11 provided complete data of the 
number of patients with and without HIV infection and also of the 
relapse serological states. These studies included 8941 patients, of 
which 45% (n=4.002) were HIV positive. In general, 512 relapses 
were identified (5.7% of risk patients), 309 in positive patients and 
203 in negative patients. This is proportionally equivalent to 8% and 
4% relapse per HIV group.
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Heterogeneity sources

Various heterogeneity sources were found in the review. Visually, 
confidence intervals in the forest plot overlap between studies Figure 
2. Heterogeneity is considerable, ranging from 75%-100% for general 
and significant relapse, and 50%-90% for genotyping mechanisms.26

Figure 2 Left Forest plot: comparison of global relapse of HIV (+) and HIV (-) 
patients; Right Forest plot: comparison of global relapse of HIV (+) and HIV (-) 
patients without Hawken & Millet et al.15, 23

The Galbraith plot shows the two studies that contribute the most 
heterogeneity, Hawken & Millet et al.15,23 therefore, tree diagrams 
with and without these studies were constructed.

Global relapse

Global relapse events include relapses without discriminating by 
mechanism. Globally, patients with HIV infection are estimated to 
have twice as much risk of presenting relapse compared to negative 
patients OR 1.80 [1.09, 2.97] Figure 2 analysis 1.1.1. The analysis 
by high and low prevalence subgroups Figure 2 right analyses 1.1.2 
and 1.1.3 shows that the estimated risk decreases in low tuberculosis 
prevalence zones OR 1.46 [0.55, 3.87]. In high prevalence zones, 
with >100 cases /100.000 inhabitants, the effect persists OR 1.91 
[1.40, 2.60] in a statistically significant manner. For these estimators, 
heterogeneity (I2) was of 77%, 81%, and 24%.

When the studies contributing heterogeneity15,23 are removed, 
Figure 2 left is obtained, which shows how the estimations for 
global relapse persist, with lower heterogeneity levels, for global 
relapse events OR 1.78 [1.34, 2.38] Figure 2 analysis 2.1.1. After 
discriminating by high and low prevalence zones, HIV is shown as an 
influential factor in tuberculosis relapse 2.03 and 1.81, respectively, 
Figure 2 analyses 2.1.2 and 2.1.3, (I2) of 34%, 56%, and 15%.

Genotyping methods for global relapse

Among cohorts, nine used RFLP individually, two used RFLP 
combined with Spoligotyping, and one with MIRUS. Only two 
studies used a combination of the three methods: Narayanan & Millet 

et al.20,23 The global relapse subgroups analysis shows a stratified 
analysis by each method for 11 studies with complete data Figure 2 
(analyses 1.1.4, 5, and 6).

Controlling for the RFLP genotyping method, it is observed that 
HIV continues to be an influential factor in relapse development OR 
2.26 [1.52, 3.37]; the estimator calculated based on data from eight 
cohorts with a heterogeneity of 49%.

For the RFLP/Spoligotyping group, an OR of 1.021 is obtained, 
with a non-significant confidence interval of 95% [0.76, 1.92]. 
This group is made up of two studies, both with different relapse 
definitions. Lastly, the third stratum includes RFLP/Spoligotyping/
MIRU, in which only one study provided complete relapse data and 
shows HIV as a protective factor 0.20 [0.06, 0.67] for relapse, I2 57%.

After removing the studies that contributed heterogeneity, the 
estimations are mantained with acceptable levels (29% and 0%) for 
RFLP/Spoligotyping, and the protective effect identified by Miller et 
al.23 dissappears.

Definition for global relapse

A third definition-dependent stratified analysis was performed 
Figure 2 (analyses 1.1.7 and 8). Although this analysis was not 
included in the protocol, it was considered relevant due to differences 
observed between three studies regarding the relapse concept in 
tuberculosis disease.

For the remaining studies, relapse was considered from the 
moment of being cured Figure 2 (analysis 1.1.8). This relapse was 
presented in 11% of positive patients and 5.5% of negative patients, 
with an OR of 2.04 [1.38, 3.02] and a heterogeneity of 57%.

After removing the studies that contributed the most heterogeneity, 
it is observed that for definitions with and without a disease-free 
period, HIV is a prognostic factor for relapse Figure 2 right (analyses 
2.1.6 and 7) with I2 43%, OR of 1.54 [0.72, 2.27] and 1.83 [1.31, 
2.55], respectively.

Relapse by an endogenous mechanism

Globally, 115 events among HIV (+) patients and 148 among HIV 
(-) patients were obtained. Figure 3 (analysis 1.2.1) shows that relapse 
by this mechanism has an OR of 1.22 IC 95% [0.75, 1.97] I2 55%, 
and, after stratifying for prevalence, this estimator is non-conclusive. 
High prevalence OR of 0.88 [0.61, 1.25] I2 0%, and low prevalence 
OR 1.78 [0.86, 3.69] I2 55% Figure 3 (analyses 1.2.2 and 3).

After excluding heterogenous studies from the analysis, the 
estimations are mantained and, in the general analysis, endogenous 
relapse is significant in low tuberculosis prevalence zones OR of 
2.09 [1.03, 4.27], I2 56%. This does not occur in high prevalence 
zones, where endogenous relapse seems to not be influenced by HIV 
infection OR of 0.85 [0.56, 1.21] Figure 3 right.

Relapse by an exogenous mechanism

Eight of eleven studies were included, since three of them did not 
present events by this mechanism. According to the general analysis, 
an OR of 2.25 [0.67, 7.52], I2 63% was obtained. Exogenous relapses 
are less frequent compared to endogenous relapses; proportionally, 
these were present in 1.4% of the HIV (+) group and in 0.42% of 
the HIV (-) group. By stratifying the results according to prevalence 
Figure 4 (analyses 1.3.2 and 3), it is observed that these events are less 
frequent in low prevalence zones, with two and six cases OR of 0.34 
[0.34, 3.47], I2 60%. In contrast, in high prevalence zones, HIV is a 
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significant factor for relapse by an exogenous mechanism OR of 4.58 
[1.70, 12.12] I2 29%.

Figure 3 Left Forest plot: comparison of endogenous relapse of HIV (+) and 
HIV (-) patients; Right Forest plot: comparison of endogenous relapse of HIV 
(+) and HIV (-) patients without Hawken 1993 and Millet 2013.

Figure 4 Left Forest plot: comparison of exogenous relapse of HIV (+) and 
HIV (-) patients; Right Forest plot: comparison of exogenous relapse of HIV 
(+) and HIV (-) patients without Hawken & Millet et al.15, 23

After removing studies that contributed the greatest heterogeneity 
Figure 4 right, global estimation for exogenous relapse improves with 
an OR of 3.10 [1.38, 6.97] I2 18%, and it becomes more influential in 
the high prevalence subgroup OR of 4.42 [1.56, 12.5].

Time until Event

The results vary among studies, from the lowest: Jasmer (16) 
HR of 1.10 [0.96, 1.27], to the highest: Hawken et al.15 HR of 33.40 
[14.03, 104.2]. It is worth mentioning that the latter study used an 
initial scheme with thioacetazone and patients had to be migrated to 
regimes with rifampicin due to presenting hypersensitive reactions, 
which indirectly led to these patients presenting lower treatment 
adherence indices. Among studies, six HR estimations are significant; 
in this event, data were not clustered, since I2 was close to 98%.

Among the remaining studies that showed statistically significant 
HR, all are above 2.4; thus, positive patients can be expected to present 
relapse in half the observation time compared to the negative group.

Resistance

Seven studies did not provide insight on bacilli sensitivity during 
relapse, compared to the initial sensitivity profiles. Sixteen resistance 
forms could be identified in HIV positive patients, of which seven 
were towards rifampicin, four to isoniazid, one to ethambutol, and 
one to streptomycin. Only one multiresistance was observed, in Nahid 
et al.21 and one polyresistance, in Bandera et al.12 the latter with the 
greatest sample size among cohorts.

Regarding the HIV negative group, six resistance profiles were 
identified, two of them towards rifampicin, two to isoniazid, one to 
streptomycin, and a multiresistance.

Mortality

Mortality was poorly evaluated among studies. Eight of them did 
not provide data; only Crampin et al.14 mentioned mortalities in the 
group and among patients with relapse: 180/9 in HIV (+) and 15/2 in 
HIV (-), respectively. The remaining studies reported mortalities in 
the general group, although not recurrence-associated. In total, 465 
positive patients and 65 negative patients.

Multiple recurrence episodes and HIV staging

The included studies did not evaluate multiple recurrence episodes 
and did not provide HIV stages.

Bias risk of the included studies

Two bias risk evaluation tools were used and the results are as 
follows:

Minors: This tool provides a grading scale of: 0 for not reported (-), 
1 for reported but inadequate (?), and 2 reported and adequate (+) 
(Figure 5).

Quality Appraisal in Systematic Reviews of Prognosis Studies: For 
the second tool, six categories were evaluated based on an ordinal 
grading scale: yes (+), partially/unsure (?), and no (-) (Figure 5).

Publication bias

Publication bias was estimated based on the funnel plot in Figure 6, 
which shows symmetry. Additionally, an assymetry regression Egger 
test was applied (Regression: Asymmetry: z = 1.3565) p = 0.1749, 
which indicated no publication bias. 

https://doi.org/10.15406/jhvrv.2016.04.00132
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Figure 5 Bias risk based on the Minors and Quality Appraisal in Systematic 
Reviews of Prognosis Studies bias evaluation tools, discriminated by study.

Figure 6 Funnel plot.

Sensitivity analysis by bias risk

After recognizing the studies limitations through the two bias risk 
evaluation methods, new forest plots were constructed in order to 
analyze OR variation when only low risk studies were included.

By applying this procedure, the results from Table 2 were obtained, 
which show the variation for each of the events studied.

The tool that most contributes to variation in the OR estimation 
is Minors. Based on this tool, global relapse loses estimation 
significance from 0.63 to 4.22, with a confidence interval of 95%, 
and endogenous relapse shifts in estimation direction from an OR 
of 1.22 to 0.64. No important variations are observed for exogenous 
relapse; only a decrease in precision is observed, based on a broader 
confidence interval.

According to Minors evaluation, the greatest variation is shown 
in the amplitude of the confidence intervals, which can explain the 
reduction in the number of patients in the comparison groups.

Discussion
Synthesis of the main results

The main result of this systematic review allows answering the 
research question and defining whether HIV is a prognostic factor of 
tuberculosis relapse. The conclusion can be obtained from the general 
event, which includes the total relapses; the clustered estimator, 

OR, was of 1.78 [1.34, 2.38], I2 of 34%. This effect is significantly 
persistent in high prevalence zones: OR of 1.81 [1.37, 2.39], as well 
as when the RFLP method is used individually.

The OR estimator loses significance in the combined genotyping 
methods subgroup (RFLP/Spoligotyping), since the sample size is 
not enough to calculate an estimator with a significant confidence 
interval; in other words, it does not have enough statistical power 
to identify the differences between HIV-exposed and not exposed 
groups. Specific diagnostic studies are necessary in order to evaluate 
the effect of individual or combined genotyping methods for relapse 
detection.

Eight percent of patients with co-infection suffer relapse; the main 
relapse mechanism is endogenous (37%) and, in a lesser proportion, 
exogenous (16%). Four percent of patients in the control group present 
global recurrence; of these, 73% suffer relapse through an endogenous 
pathway.

After removing studies that contributed heterogeneity, the 
meta-analysis shows the influence of HIV in endogenous relapse 
development OR of 1.22 [0.76, 1.96] and its importance in low 
prevalence zones, where it is the main relapse mechanism OR of 2.09 
[1.03, 4.27]. On the other hand, the meta-analysis shows that HIV 
affects reinfection (exogenous mechanism) OR of 3.10 [1.38, 6.97] 
and its influence is persistent in high prevalence zones OR of 4.42 
[1.56, 12.57]. This means that in environments with low tuberculosis 
prevalence, relapse of patients with HIV occurs by an endogenous 
mechanism, while, in high prevalence locations, the main relapse 
mechanism is through reinfection. This is biologically plausible, 
given that, in high prevalence zones, there is a greater probability of 
reinfection.

A stratified analysis of the studies according to their relapse 
definition was performed. In studies where relapse is defined after the 
tuberculosis infection is cured, HIV is observed as a definitive factor in 
the presentation of the event OR of 1.83 [1.31, 2.55]. On the contrary, 
in studies where relapse is established after a tuberculosis-free time 
period (up to one year), the effect of HIV is diluted. Given that most 
relapses (90%) occur during the first year after tuberculosis is cured, 
the second definition would not allow to observe most episodes. Millet 
et al.23 reported nine and four relapses in HIV (+) and HIV (-) patient 
groups, equivalent to 1% and 5%, respectively. As can be observed, 
most relapses take place in HIV (-) patients, which usually take longer 
to develop a relapse or present a reinfection episode.

One of the main difficulties identified in the cohorts was the lack of 
availability of the genotyping results that would allow a recurrence sub 
classification. These results were available in only 65% of relapses.

Regarding event timing, all studies agreed that relapse occurs 
earlier in patients with co-infection. However, there is a broad 
variation between HR estimated among the studies, from 1.10 [0.96, 
1.27] to 33.40 [14.03, 104.2], which indicates that post-treatment 
follow-up of this patient group must be done more exhaustively.

These estimations must be interpreted according to the 
methodological quality of the studies, since there is a considerable 
bias risk observed in this review for selection, measurement, and 
differential loss. However, in the sensitivity analysis, after removing 
studies qualified as high risk according to the Minors questionnaire, 
only OR variations were obtained in relation to endogenous relapse, 
given that there was a shift in the effect direction from 1.22 to 0.64. 
In relation to the second tool (global relapse, endogenous relaspe, and 
exogenous relapse events), the OR persist.

https://doi.org/10.15406/jhvrv.2016.04.00132
https://medcraveonline.com/JHVRV/JHVRV-04-00132T.pdf


HIV as a prognostic factor for tuberculosis relapse: a systematic review and meta-analysis 6
Copyright:

©2016 Roa et al.

Citation: Roa MC, Duarte HGG, Aranguren MM. HIV as a prognostic factor for tuberculosis relapse: a systematic review and meta-analysis. J Hum Virol 
Retrovirol. 2016;4(3):1‒6. DOI: 10.15406/jhvrv.2016.04.00132

Limitations

One of the obstacles found during the realization of this review was 
the high variability among treatments in terms of duration, frequency, 
and drugs administered. Furthermore, the authors do not mention the 
effectiveness of these treatments in the study locations, and many of 
them do not indicate cure rates.

It is also worth noting that in only six of fourteen studies, the 
treatment was administered under direct observation conditions. 
A strict supervised administration affects treatment effectiveness 
by improving adherence and favoring sputum conversion after 
two months. Treatments that are not administered under these 
conditions can affect resistance development and disease reactivation. 
Nevertheless, the data from this review do not allow to retrieve 
conclusions in this regard due to the restricted number of mono and 
multiresistances detected.

The treatment used for pulmonary tuberculosis affects relapse 
development. However, given treatment variability among studies, 
it was not possible to evaluate this influence through an adjusted 
analysis.

Heterogeneity

The studies show various sources of heterogeneity, both clinical 
and methodological. Regarding clinics, differences among patient 
characteristics, health conditions, treatments used, and exposure risk 
were observed.

In relation to the methodological heterogeneity, sample sizes 
present a marked variation, with a median of 596 patients, range 196 
– 2127 patients. Observational studies are more prone to presenting 
unbalances in patient characteristics.

Other sources of methodological heterogeneity are determined 
by prospective and retrospective cohort designs, relapse definitions 
used by the authors, durations of the study periods (mean follow-up 
times were 7.05 years SD 4.3 years), and variations among treatment 
schemes, which differed in all of the studies and are unknown in 
four of them Table 1. A way of quantifying the effectiveness of the 
treatments used consisted of establishing the cure rate, which was 
specified in only six studies and, in general, was above 70%, with the 
exception of Millet 2013, which was of 65%.

Despite the differences among studies, adjusted meta-analyses 
were performed, eliminating those that contributed the greatest levels 
of heterogeneity. This allowed to obtain clustered estimators. These 
estimators proved to be stable, with acceptable I2 levels.

Potential bias in the review process

This review was done according to the guidelines of the 
“Cochrane Handbook for Systematic Reviews of Interventions”26 

and counted on the supervision and approval from topic and 
methodology experts. We expect that the information was exhaustive 
enough to identify all of the studies that met the inclusion criteria. 
The bias risk evaluation was done according to two methods in order 
to clearly identify the studies’ limitations.

No clinical trials evaluating tuberculosis relapse were found; 
therefore, the review was done based on observational studies.

Heterogeneity among studies is important. For this reason, 
heterogeneity is explicitly reported in each one of the estimators used 
and a description of its possible clinical and methodological sources 
is given. In addition, independent meta-analyses are elaborated with 
and without the studies that contributed the greatest heterogeneity in 

order to evaluate the behavior of the clustered OR and its confidence 
interval.

Agreements and disagreements with other studies and reviews

Three previous systematic reviews were found: Lambert, 
Korenromp & Panjabi et al.27-29 which sought to determine HIV 
importance in tuberculosis recurrence; as well as a narrative review: 
Schiroli et al.30

The present review and the one by Korenromp et al.28 differ in that 
the author initially restricted cohorts to those that used rifampicin-
based tuberculosis treatments in the first and second phases. However, 
given that this restriction limited the number of studies, Korenromp 
also included retrospective cohorts and treatments without rifampicin, 
with which he completed 47 works, 21 of these included HIV (+) 
patients and 41 included HIV (-) patients. The discrepancy was due 
to the fact that the author included cohorts from only one group. This 
was not considered in this review due to the difficulty in comparing 
relapse events in HIV-exposed and non-exposed patients from 
different populations.

In the three reviews, the bias risk was not evaluated and the 
systematic search was done mainly in two databases (the most 
frequent was Medline). Lambert et al.27 and Korenromp et al.28 

mention differences in relapse concepts, among the limitations of their 
reviews, which complicate result interpretations. In this review, this 
limitation was addressed through a stratified analysis which allowed 
to identify that the relapse concept affects the association between 
tuberculosis relapse and HIV infection.

Korenromp et al.28 highlights a possible selection bias derived 
from limiting the studies to those with positive sputum culture. This 
can lead to underestimating the effect of HIV infection, since AIDS 
is associated with negative culture results. Korenromp also mentions 
that some studies do not report loss of individuals, while other studies 
reach a rate of up to 20%, a deficiency that was also evaluated in this 
review.

Korenromp et al.28 reported recurrence rates of 7% in HIV (+) and 
4% in HIV (-), values similar to those found in this review.

Lambert et al.27 found high heterogeneity levels among studies 
and deficiencies in drug resistance reports. Both problems were also 
observed in this review. To address the former, clustered estimators 
were calculated based on meta-analyses with and without studies that 
contributed the greatest heterogeneity. Addressing the second problem 
(lack of data) is not possible. Regarding this lack of information, it 
is necessary for primary studies to provide sensitivity profiles in the 
first and second tuberculosis episodes in order to identify resistance 
development.

Panjabi et al.29 included 32 studies, 18 clinical trials and 14 
observational studies, of which only four included genotyping, and 
mentioned that recurrence rates were greater in observational studies 
than in experimental studies. Based on this indication, and given the 
advantages that observational studies offer in terms of follow-up time 
and approximation to real treatment conditions among the population, 
we consider that these studies constitute the best methodological 
design for evaluating relapse. Panjabi’s review found 20 studies 
in Medline and 12 through bibliographical references and expert 
opinions. Our review also found a considerable number of additional 
cohorts among bibliographical references in the elegible studies. This 
search strategy limits the risk of not identifying studies of interest; 
thus, it should be considered indispensable in elaborating secondary 
studies.

https://doi.org/10.15406/jhvrv.2016.04.00132
https://medcraveonline.com/JHVRV/JHVRV-04-00132T.pdf
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Conclusions and authors recommendations
i.	HIV favors the occurrence of subsequent tuberculosis episodes, 

both through endogenous and exogenous mechanisms. This 
relation is influenced by prevalence. Another factor that can affect 
the relation between HIV and tuberculosis relapse is treatment. 
However, this review does not contain enough evidence to 
establish an effect by treatment, due to the high variation found 
in schemes, regarding duration, drug combination in the first 
and second phases, effectiveness, and proportion of patients that 
received strict supervised treatment.

ii.	HIV is a prognostic factor of tuberculosis recurrence in terms 
of global relapse and endogenous relapse, since it affects the 
presentation of new tuberculosis episodes after presenting the 
initial disease. Endogenous relapses have even been regarded 
as a continuation of the original tuberculosis disease. On the 
other hand, in relation to relapse by an exogenous mechanism, it 
would be appropriate to refer to HIV as a risk factor, and not as 
a prognostic factor, since this mechanism implies that the initial 
disease was cured and a presentation of a totally different episode 
confirmed based on genotyping.

iii.	Observational cohort-type studies are the best methodological 
design for investigating the effect of HIV exposure on tuberculosis 
relapse. Genotyping methods allow to reliably discriminate 
between relapse mechanisms. However, a guaranteed availability 
of Mycobacterium tuberculosis cultures taken in the initial and 
second episode is necessary in order to compare DNA sequences. 
Other approaches, such as resistance profiles, are not equally 
valid for determining the relapse mechanism and could bias the 
results towards the endogenous pathway.

iv.	Complementary search methods, such as the review of 
bibliographical references in eligible studies, are a good strategy 
for finding additional potentially useful studies, which reduces 
the publication bias risk.

v.	The analysis of Galbraith plots allows to identify studies that 
contribute the greatest heterogeneity. This allows, in turn, to 
evaluate shifts in OR estimation through the construction of a 
meta-analysis with and without these studies. The meta-analysis 
is considered valid if, once the most heterogenous studies are 
removed, the OR value and its confidence interval do not lose 
statistical significance and if, in addition, the heterogeneity can 
be reduced to acceptable levels.

vi.	Authors of primary studies must provide comparison group 
characteristics in order to identify differences than can modify 
research results. Moreover, authors should mention the schemes 
and conditions of the administered treatments.

Differences between the protocol and the 
review

The temporal restriction proposed in the protocol (studies 
published since 1995) was removed. This limitation was intended to 
include studies with controlled treatments; however, since the studies 
did not present directly observed treatments, we decided to broaden 
the search.

The heterogeneity tolerance range was broadened (≥ 40%) to 
perform the meta-analysis. Likewise, we decided to report the I2 of 
the main results and construct tree diagrams with and without the 
studies that contributed the greatest heterogeneity.

In the search methodology for potential studies, the snowball 
search strategy was replaced by the review of references from eligible 
studies.

After finding different relapse definitions in the studies, an analysis 
by subgroups was performed for those studies that established 
disease-free periods of 6 and 12 months, which was not included in 
the protocol.

Summary
HIV is a prognostic factor for TB relapse. HIV (+) patients show 

1.8 times the risk HIV (-) of presenting global relapse. For endogenous 
relapse, HIV is influential only in low prevalence zone, while for 
exogenous relapse, it is more influential high prevalence.
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