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prevent TB reactivation.

Latent Mycobacterium
tuberculosis infection

To facilitate the treatment and prevention
of tuberculosis (TB), it is important to ful-
ly understand TB pathogenesis. Latent
Mycobacterium tuberculosis infection is the
most common clinical manifestation of
this pathogen, in which infected persons
are asymptomatic. However, there is a
spectrum of clinical manifestations (1). To
prevent TB, it is of particular importance
to understand the transition from latent
M. tuberculosis infection to subclinical and
symptomatic TB disease, so that preven-
tive therapy can be developed, evaluated,
appropriately targeted, and optimized.
In humans, HIV infection is the strongest
risk factor for progression to active TB
among persons with M. tuberculosis infec-
tion (2). Both antiretroviral therapy (ART)
to treat HIV and restore immune function,
and isoniazid preventive therapy to treat

» Related Article: p. 5171

Even with treatment of HIV with antiretroviral therapy (ART), the risk

of tuberculosis (TB) reactivation remains higher in HIV-infected than
HIV-uninfected persons. In this issue of the JC/, Ganatra et al. explored TB
reactivation in the context of ART using TB and simian immunodeficiency
virus-coinfected (TB/SIV-coinfected) nonhuman primates. The authors
found that treating rhesus macaques with ART restored CD4* T cells in
whole blood, spleen, and bronchoalveolar lavage (BAL) fluid, but not

in the lung interstitium. TB risk was not decreased in the coinfected
macaques treated with ART for 14-63 days, suggesting that ART does not
decrease the short-term risk of reactivation. Reactivation occurred as CD4*
T cells were increasing, which is consistent with observations made in
humans. This study provides a potential model for systematic evaluation
of TB/SIV coinfection and different treatment regimens and strategies to

M. tuberculosis infection, independently
decrease the risk of progressing from M.
tuberculosis infection to TB disease (refs. 3,
4 and Figure 1).

The initial and subsequently standard
treatment of latent M. tuberculosis infec-
tion has been six to nine months of iso-
niazid. More recently, shorter rifamycin-
based treatment regimens have been pre-
ferred because of their safety and efficacy,
higher treatment completion rates, and
therefore likely increased effectiveness
compared with six to nine months of iso-
niazid (5, 6). A previous study from the
Rengarajan and Kaushal groups showed
that three months of weekly isoniazid plus
rifapentine effectively cleared M. tuber-
culosis infection in macaques, providing
evidence of the efficacy of this regimen
(7), consistent with the efficacy and effec-
tiveness demonstrated in human clinical
trials (8, 9). Treatment regimens even
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shorter than three to four months have
been evaluated recently, including one
month of daily isoniazid plus rifapentine
(10). A six-week regimen of daily rifapen-
tine is currently under investigation
(NCT03474029; https://clinicaltrials.
gov/ct2/show/NCT03474029). However,
several questions remain regarding the
treatment of latent M. tuberculosis infec-
tion. Future studies should address the
optimal treatment duration, total rifam-
ycin exposure, and treatment intermit-
tency. Therefore, an animal model that
accurately predicts treatment response in
humans would be highly valuable. Data
from a murine model predicted that the
treatment efficacy in humans correspond-
ed to six to nine months of isoniazid, three
to four months of rifampin, three months
of weekly isoniazid plus rifapentine, and
two months of rifampin plus pyrazin-
amide (11-16). However, the mouse model
has limitations, including lack of a latent
state and lack of the granuloma architec-
ture and types seen in humans (17).

Preventing reactivation of

latent M. tuberculosis infection
In this issue of JCI, Ganatra et al. (18)
assessed whether ART alone and the asso-
ciated immune reconstitution would pre-
vent reactivation of latent M. tuberculosis
infection. Macaques were first infected
with M. tuberculosis for nine weeks and
then infected with simian immunodefi-
ciency virus (SIV); a subset of the latter
group received ART four weeks after SIV
infection. The duration of ART ranged
from 14-63 days in the four macaques that
received it, and all macaques were fol-
lowed for up to 24 weeks. ART was asso-
ciated with a reduction in SIV viral load
and increased CD4* T cell counts in the
blood, but ART-treated macaques failed
to decrease the risk of TB reactivation
compared with the ART-naive group; the
relative risk (RR) of TB actually increased,
though it was not statistically significant
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Figure 1. Factors associated with M. tuberculosis and HIV coinfection that affect the risk of
developing active TB. In TB/HIV-coinfected individuals, recent infection with M. tuberculosis, longer
duration of HIV infection, associated lower CD4* T cell counts, and recent HIV ART increase the risk
for developing TB. Conversely, treatment for M. tuberculosis infection, infection with M. tuberculo-
sis before subsequent reexposure to TB, and prolonged HIV ART decrease the risk for TB. Notably,
immune recovery relates to the risk for reactivation; restoring effective resident T cells in the lungs
may require longer ART durations. These factors could be evaluated in the macaque model used in
Ganatra et al. (18) to assess ways to optimally decrease TB risk.

(RR = 1.23; 95% CI 0.97-1.5). The myco-
bacterial burden in the lungs and spleen
was similar in the two groups. Notably,
CD4" T cell counts in the lungs remained
low in the macaques that received ART,
highlighting the importance of tissue-resi-
dent immune responses and their possible
discordance with systemic responses in the
blood. This is particularly relevant to TB, as
blood responses are not a reliable marker
of immune responses within the granulo-
ma (19). These findings are consistent with
data from humans indicating that ART
alone is insufficient to prevent progression
to TB among individuals with M. tubercu-
losis infection. The Ganatra et al. data (18)
are also consistent with the finding that
isoniazid preventive therapy provides an
additional protective effect to ART (3, 4).
In most humans with M. tuberculosis and
HIV infection, it is unclear which infection
occurred first. Thus, translational models
like this allow the field to directly address
questions that would otherwise be imprac-
tical or unethical to research in human pop-
ulations and allow us to evaluate additional
questions regarding M. tuberculosis patho-
genesis and treatment.

Conclusions and remaining
questions

No model is perfect and there are import-
ant limitations to consider when deciding
whether the Ganatra et al. (18) results in
macaques can be extended to humans.
In most cases of asymptomatic or latent
infection in humans, it is assumed that

M. tuberculosis infection has been estab-
lished for months to years. Nine weeks of
infection in a macaque may not reflect the
same immune response as that seen in a
human with latent M. tuberculosis infec-
tion for several years before HIV infec-
tion. Reactivation of TB among all four
ART-treated macaques with SIV occurred
after only 14-63 days of ART. Given the
short period of ART, it is possible that such
treatment resulted in activation of already
ongoing subclinical TB (18). Symptoms of
active TB during immune reconstitution
with ART has been described in humans
— the so-called “unmasking of TB” (20,
21). Indeed, ART-treated animals showed
some evidence of CD4" T cell count recov-
ery in the blood and bronchus-associated
lymphoid, albeit there were only four ani-
mals in this group (18). These results sug-
gest that ART did not prevent short-term
reactivation risk. However, the long-term
implications remain unknown; restoring
lung-resident T cells that are critical to
containing M. tuberculosis infection and
preventing dissemination may require lon-
ger ART durations (Figure 1). Studies that
vary ART duration may provide insight
into the balance of pro- and antiinflam-
matory responses that play a critical role in
both HIV and TB immune pathology.

The study by Ganatra et al. (18) raises
several important questions: What does
“immune reconstitution” really mean?
While this term is often used when sys-
temic viral load is dramatically reduced
and CD4" T cell counts start to increase,
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recovery of pathogen-specific immune
responses is usually not assessed; the lat-
ter would have been a valuable metric in
this study. A larger sample size would give
greater confidence in the results and also
allow for the identification of intermedi-
ate differences in immune responses. The
results from Ganatra et al. (18) suggest that
one important factor associated with TB
reactivation was the persistently low CD4*
T cell count in the lungs, yet reactivation
is not solely dependent on CD4* T cell
counts (22, 23). Lower CD4* T cell counts
in the lung are consistent with the observa-
tion that even persons with well-controlled
HIV infection (>700 CD4* lymphocytes/
mm?) have a TB risk that exceeds that
seen in HIV-seronegative persons (24).
Given that current ART is highly effective,
safe, and increasingly available globally,
understanding host immune responses to
M. tuberculosis after prolonged ART and
the resultant immune restoration and the
timing of such restoration are important.
Characterization of any persistent defects
in the immune response to M. tuberculo-
sis — or the lack of such defects — could
inform TB prevention strategies.

Does the relative timing of HIV and M.
tuberculosis infection affect TB risk? Sim-
ilarly, what if there were more advanced
immunosuppression before initiation of
ART, rather than starting ART shortly
after SIV infection? The median periph-
eral blood CD4" T cell percentage in the
macaques studied by Ganatra et al. (18)
was high (suggesting good immune func-
tion), even in those with SIV that were not
treated with ART (CD4" T cell percentage
>40). As the authors point out, reactiva-
tion still occurred despite such a short
period of SIV infection (18). Fluctuations
in immune dysregulation and their impact
on the immune response to M. tuberculo-
sis may differ substantially early after SIV
infection compared with long-term SIV
infection, as may be the case in human
HIV infection. Such a controlled experi-
mental model can directly address these
questions and facilitate the identification
of biomarkers associated with TB risk and
optimized treatment.

Can we use these models to better
understand latent M. tuberculosis infec-
tion, its treatment, and the complex inter-
actions with HIV infection? And how well
will the results reflect human TB/HIV
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coinfection? Although it is not financially
feasible to maintain nonhuman primates
for years after M. tuberculosis infection,
the duration of infection probably plays
a key role in the spectrum of latency and
risk of TB reactivation. That said, other
nonhuman primate models of TB have
shown that a spectrum of latent infection
exists, and this spectrum has important
implications for reactivation risk (25). Pre-
vious human studies indicate that latent
M. tuberculosis infection is associated with
a reduced risk of progression to active TB
upon subsequent reexposure to M. tuber-
culosis (26). This association is consistent
with a recent nonhuman primate study
showing that ongoing primary M. tuber-
culosis infection could protect against
reinfection with the same strain (27). It
remains unclear how long this protective
effect against subsequent infection (in
both immunocompetent and immuno-
compromised individuals) might last after
remote latent M. tuberculosis infection, and
whether the protection is lost after treat-
ment of latent M. tuberculosis infection. In
other words, does the treatment of latent
M. tuberculosis infection in immune-com-
petent hosts actually increase the risk of
active TB in persons who are subsequent-
ly reexposed to M. tuberculosis? For those
with HIV infection, does the risk of TB
reactivation without treatment for latent
infection (but with ART) outweigh the
potential benefit? Answers to the above
questions would help identify the most
effective preventive strategies and thereby
facilitate TB elimination.
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