Recurrent Tuberculosis: Relapse, Reinfection, and HIV
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The catastrophic collision of tuberculo-
sis and human immunodeficiency virus
(HIV) has yielded an extraordinary bur-
den of suffering and death at both the
individual and population levels. The con-
vergence of these twin epidemics resulted
in 1.8 million deaths due to tuberculosis
disease in 2007, 24% of which were among
people with HIV infection, whereas
among the 2 million deaths of people
with AIDS, 22% were caused by tu-
berculosis infection [1]. Tuberculosis is
thus the leading cause of death in peo-
ple with HIV/AIDS, and HIV infection
contributes to a substantial propor-
tion of tuberculosis deaths. Interven-
tions to control tuberculosis and HIV
therefore need to take into account the
unique and deadly synergy between these
2 infections.

There are many challenges that clini-
cians and public health programs must
confront when trying to manage and pre-
vent HIV-related tuberculosis, including
prompt diagnosis, effective treatment, and
One

successful prevention strategies.
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problem that receives little attention is re-
currence of tuberculosis following com-
pletion of treatment. Historically, patients
properly treated with a 4-drug regimen
have a very high treatment success rate
and very low (2%-3%) incidence of re-
currence. In HIV-infected patients, the
risk of recurrent disease is higher, and pre-
vious work has demonstrated that this can
be due to treatment failure, emergence of
drug resistance during therapy, or rein-
fection with a new strain of Mycobacterium
tuberculosis [2—4]. Recurrence of tuber-
culosis after treatment among both HIV-
infected and HIV-uninfected individuals is
not a trivial problem. On a patient level,
recurrent tuberculosis requires another
round of treatment with a regimen that,
in many parts of the world, is more toxic,
takes longer to complete, and may, iron-
ically, amplify drug resistance. On a public
health level, recurrent tuberculosis may
account for 10%—30% of all cases within
some weaker tuberculosis control pro-
grams, particularly those that do not use
at least 6 months of rifampin treatment
[5], and contributes to ongoing transmis-
sion of infection to contacts of cases in
the home, community, and health facili-
ties, largely from HIV-uninfected patients
[6].

In this issue of the Journal are 2 articles
that examine the epidemiological profile
of recurrent tuberculosis in populations
with a high prevalence of HIV infection.
Narayanan et al [7] from India report on

2 cohorts of patients with tuberculosis
who were followed up for recurrence and
then underwent DNA typing of initial
and recurrence M. tuberculosis isolates to
distinguish exogenous reinfection from
relapse. Among HIV-infected patients
whose initial episode of tuberculosis was
deemed cured, 14% experienced a recur-
rence of tuberculosis, of which just over
half of infecting strains typed. Among
these, 22 (88%) of 25 cases were due to
reinfection with a different strain of M.
tuberculosis. In a sample of HIV-unin-
fected patients with recurrent tuberculosis
(rates of recurrence are not reported for
these patients), only 9% of second epi-
sodes were due to reinfection, with the
remainder being relapses of the initial in-
fection. One possible explanation for the
difference in levels of relapse among HIV-
uninfected patients is that many were
treated with nonstandard, abbreviated reg-
imens that included ofloxacin in a clinical
trial that failed to include an appropriate
control regimen; these relapses may simply
have been the result of inadequate therapy.
Importantly, one-fourth of HIV-related
recurrences were with multidrug-resistant
strains of M. tuberculosis, with a smaller
number of resistant recurrences found
among HIV-uninfected patients.
Although rates of recurrent tuberculosis
cannot be compared by HIV status in this
report, it is clear that recurrent disease is
more common than would be expected
among HIV-infected patients with tuber-
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culosis in this Indian setting, and that al-
most all recurrences are due to exogenous
reinfection. Narayanan et al [7] used rig-
orous typing methods, with 3 independent
techniques, and took great care to exclude
the possibility of laboratory contamina-
tion. Although the study breaks no new
ground with respect to the existence of
exogenous M. tuberculosis reinfection
causing disease [4], particularly in HIV-
infected patients, it is nonetheless note-
worthy for documenting the potential fre-
quency of this phenomenon in developing
countries, where recurrences are generally
attributed to treatment failure due to ei-
ther noncompliance or drug resistance. In
this study, all of the multidrug-resistant
recurrences among HIV-infected patients
were reinfections, whereas both multi-
drug-resistant cases among HIV-unin-
fected patients were due to acquired or
amplified resistance during treatment.
These data confirm what has been inferred
from outbreaks of multidrug and exten-
sively drug-resistant tuberculosis among
people with HIV infection in other set-
tings: that much drug-resistant tubercu-
losis in HIV-infected patients is transmit-
ted from others, rather than acquired by
ineffective or insufficient therapy [8].

A second article in this issue of the Jour-
nal, by Glynn et al [9], reports on rates of
recurrent tuberculosis in mine workers in
South Africa. These authors followed 2 co-
horts of tuberculosis patients—one with
HIV infection and one without, whose ill-
ness was initially diagnosed and who un-
derwent HIV testing in the 1990s—and
determined the rates of recurrent disease
that occurred at least 2 years following
cure of the initial episode. The authors
assumed that these late recurrences were
due to reinfection rather than relapse, on
the basis of previous observations, sup-
ported by the data from Narayanan et al
[7], that almost all relapses occur in the
first 2 years following treatment. Glynn et
al [9] found recurrence rates of 24.4 cases
per 100 person-years at risk for initially
HIV-infected miners following their index
episode and 4.7 cases per 100 person-years

at risk among those who were HIV-neg-
ative at the index episode. Strikingly, rates
of recurrent tuberculosis were dramati-
cally higher than incident tuberculosis
rates among both HIV-infected and HIV-
uninfected miners. These results are con-
sistent with those from a study of another
high tuberculosis transmission setting
where reinfection rates following treat-
ment exceeded rates of incident disease
[10].

The work of Glynn et al [9] requires
more assumptions about the source of re-
currence and has less direct evidence than
the study by Narayanan et al [7]. No DNA
typing was performed to confirm that re-
currences were actually reinfections and
not relapses; repeat HIV testing was not
performed among the initially HIV-sero-
negative men, despite known high rates of
HIV acquisition during the time of the
study; and considerable attrition from the
cohorts over time occurred, which could
affect incidence estimates. Despite these
limitations, the study demonstrates con-
vincingly that recurrent tuberculosis is ex-
ceedingly common among miners in
South Africa and is seen in both HIV-
infected and HIV-uninfected men. Work
by the same group and others [11, 12]
previously documented high rates of re-
infection in this setting, so it is quite cred-
ible that a large proportion of these re-
current cases were, indeed, new infections.

What can be done to reduce the fre-
quency of recurrent tuberculosis, whether
due to relapse or reinfection, in patients
with and without HIV infection? In fact,
quite a lot can be done, and the evidence
base for a number of interventions is ro-
bust. First, ensuring completion of appro-
priate therapy for all patients with tuber-
culosis is extremely important. Although
rates of treatment completion worldwide
are now close to 85% for patients cared
for in directly observed treatment short-
course programs, the real completion rate
when all patients are accounted for is sub-
stantially lower, particularly in Africa [1].
Failure to complete tuberculosis treatment
is associated with very high rates of re-

current disease, especially in HIV-infected
patients [13, 14]. In addition, although
5.5% of all new tuberculosis cases world-
wide have multidrug or extensively drug-
resistant disease, only a tiny fraction of
these are actually detected and receive ap-
propriate treatment [1]. Improving case
detection, easier access to care, improving
cure rates with community-based inter-
ventions, developing new effective shorter
regimens [15], and conducting baseline
drug susceptibility testing will all reduce
relapses and the evolution of drug resis-
tance. Earlier detection of multidrug-
resistant tuberculosis, through use of rapid
rifampin resistance assays such as line
probe assays, and earlier effective treat-
ment should also reduce recurrence due
to reinfection with multidrug-resistant tu-
berculosis in HIV-infected patients [16].

Because reinfection is common in HIV-
infected patients in high burden settings,
secondary preventive therapy with isoniazid
is another strategy for reducing recurrences.
One small controlled trial and one obser-
vational study have documented the effec-
tiveness of secondary isoniazid for reducing
recurrences in patients with HIV-related tu-
berculosis [17, 18]. In a nonendemic set-
ting, the risk of recurrence among HIV-
infected persons was reduced with longer
duration of tuberculosis treatment [19].

Low CD4 cell counts are a major pre-
dictor of recurrent tuberculosis due to
both relapse and reinfection in HIV-in-
fected patients, and treatment with anti-
retroviral therapy decreases the likelihood
of recurrence by at least 50% [12, 13].
Widespread use of antiretroviral therapy
for all HIV-infected patients with tuber-
culosis is now supported by evidence from
a clinical trial and from observational
studies [20, 21]. Scaling up antiretrovirals
for patients with tuberculosis will also re-
duce recurrent disease, as suggested by a
study in Rio de Janeiro, Brazil [13].

A critically needed intervention to re-
duce reinfection tuberculosis is the imple-
mentation of infection control measures
in clinical and community settings. Be-
cause patients with tuberculosis and with
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HIV infection congregate in the same
clinic waiting rooms, offices, laboratories,
and hospital wards in much of the world,
ongoing transmission is a significant cause
of new disease, especially drug-resistant
disease, as Narayanan et al [7] demon-
strate. HIV and antiretroviral clinics in
resource-poor settings have unwittingly
become cauldrons of tuberculosis trans-
mission, seriously undermining the im-
pact of HIV therapies. The first step in
reducing institutional and community
transmission of M. tuberculosis infection
is the detection of prevalent, undiagnosed
cases and the initiation of appropriate
therapy. Administrative measures to sep-
arate infectious patients from others, en-
gineering and air flow management rang-
ing from opening windows and doors to
more sophisticated air handling tech-
niques, and the use of personal protective
equipment in more exposure-intense sit-
uations are all approaches that need to be
ramped up worldwide, given the clear evi-
dence of nosocomial transmission of tu-
berculosis infection among those with
HIV infection [22].

Finally, what about vaccination as a
strategy for preventing recurrent tuber-
culosis infections? Both Narayanan et al
[7] and Glynn et al [9] suggest that de-
velopment of a therapeutic vaccine or im-
munotherapy as an adjunct treatment for
tuberculosis might help reduce relapse and
reinfection episodes in those with exqui-
site susceptibility to the disease. Although
this is an attractive concept in theory, the
feasibility of this approach is currently
quite limited. What is eminently sensible,
however, is a primary vaccine for tuber-
culosis that prevents the development of
disease in the first place. The current tu-
berculosis vaccine, BCG, appears to pro-
tect infants from severe forms of disease
but does not prevent pulmonary tuber-
culosis in adults. We know from previous
experience that a preventive vaccine can
work, but in the case of BCG the protec-
tive effects of the vaccine most likely have
become attenuated because of continuing
evolution during laboratory passage [23].

Thus, prospects for new pre- and post-
exposure preventive vaccines are bright
[24]. The potential for an effective pri-
mary vaccine to control initial and thus
recurrent tuberculosis, especially among
HIV-infected persons, is enormous. After
all, the best way to ensure that patients
avoid a second episode of tuberculosis is
to make certain that the first episode never
occurs.
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