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Abstract According to World Health Organization estimates, tuberculosis (TB) and lower
respiratory tract infections (LRTIs) are both among the top 10 global causes of death.
TB and community-acquired pneumonia (CAP), if mortality estimates are combined,
would rank as the third most common cause of death globally. It is estimated that each
year there are approximately 10 million new cases of TB that are associated with
approximately 1.2 million deaths, and almost 450 million new episodes of LRTI
(synonymous with CAP) with approximately 4 million associated deaths. Globally,
Streptococcus pneumoniae remains the most common cause of CAP. However, although
well documented, it is not widely appreciated that in several parts of the world,
including sub-Saharan Africa, Asia, and South America, Mycobacterium tuberculosis is an
important cause of CAP, if not the most common organism isolated in such settings.
Thus, CAP due to M. tuberculosis is not uncommon in some parts of the world with up to
a third of cases being attributable to M. tuberculosis. Consequently, TB remains an
important clinical entity in the intensive care unit in these settings. Despite its
frequency and importance, there are very limited data about TB CAP. In this review
we discussed the epidemiology, immunopathogenesis, clinical presentation, diagno-
sis, management, prognosis, and prevention of TB CAP. The utility of newer diagnostic
approaches is highlighted.
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Lower respiratory tract infections (LRTIs), including communi-
ty-acquired pneumonia (CAP) and tuberculosis (TB), are listed
among the World Health Organization’s (WHO’s) top 10 global
causes of death.' TB is arguably one of the biggest killers of
mankind with almost a billion people succumbing to the
disease in the last two centuries. LRTI, synonymous with CAP,
remains the most deadly communicable disease, which caused
almost 3 million deaths globally in 2016." In 2018 there were an
estimated 10 million new TB cases and approximately 1.2
million deaths due to TB.?> Although both TB and CAP are
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infections of the lower respiratory tract, they are often thought
of as separate entities as TB is classically a more indolent
disease presenting over weeks to months and, often, is not
associated with acute respiratory compromise. By contrast, CAP
is generally associated with a short history of several days, is
rapidly progressive, and is more often associated with respira-
tory compromise. However, although there is good evidence to
the contrary, it is widely believed that Mycobacterium tubercu-
losis is not an important cause of CAP, which is an acute disease.
In reality, in TB-endemic countries, and particularly in TB and
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human immunodeficiency virus (HIV)-endemic settings,
TB-associated CAP (TB CAP) is not uncommon.? Indeed, in
several parts of the world, M. tuberculosis is the most common
pathogen isolated in those with presumed CAP. Despite the
importance of this entity, to our knowledge, there have been no
detailed reviews on TB CAP. This article provides a comprehen-
sive overview of TB CAP and discusses the epidemiology, clinical
presentation, immunopathogenesis, diagnosis, and clinical
management of TB CAP. Other aspects such as posttuberculous
lung disease and preventing TB CAP are also addressed.

Epidemiology

Although the incidence of TB has been slowly declining over
several years, it is far from eradicated, and TB remains among
the top 10 killers globally."# Although TB continues to occur
in almost every part of the world, the eight highest burden
countries (India, China, Indonesia, the Philippines, Pakistan,
Nigeria, Bangladesh, and South Africa) represent almost two-
thirds of the total disease burden. The 22 high-burden TB
countries include Angola, Bangladesh, Brazil, China, DPR
Korea, DR Congo, Ethiopia, India, Indonesia, Kenya, Mozam-
bique, Myanmar, Nigeria, Pakistan, Philippines, Russian
Federation, South Africa, Thailand, Tanzania, Viet Nam,
Cambodia, and the Central African Republic.® There are
also many intermediate-burden countries, which include
those in South East Asia and South America, where TB is
still rife. There are several cross-cutting themes that modu-
late the presentation, diagnosis, and management of TB
and TB CAP, including HIV co-infection, drug-resistant TB
(DR-TB), and TB in children. Indeed, HIV-infected persons are
exquisitely susceptible to TB with an over 100-fold increased
risk of TB infection compared with HIV-uninfected persons.
Globally, there are almost 500,000 new cases of multidrug-
resistant (MDR)-TB or extensively drug-resistant (XDR)-TB
annually and approximately 25% of all M. tuberculosis isolates
are resistant to at least one major anti-TB drug. Approxi-
mately 11% of the TB burden is in children and TB CAP
remains an important entity in this vulnerable subpopula-
tion. Clinical presentation in HIV-infected patients® is
atypical and lack of cavitary disease, and lower lung zone
infiltrates, consolidation, pleural effusion, and lymphade-
nopathy are more common. TB control in several parts of
the world is being subverted by the resurgence of MDR-TB;
resistance to rifampicin and isoniazid, the two frontline
antituberculous drugs. EDR-TB (additional resistance to
fluoroquinolones and aminoglycosides) has also increased
globally. Despite the use of newer second-line drugs such as
bedaquiline and linezolid, approximately 25% of patients
with MDR-TB and approximately 35% with XDR-TB®’ still
have poor outcomes. In countries like South Africa, the total
burden of DR-TB is approximately 5% and therefore suscep-
tibility testing is routinely performed in all isolates. About
15% of the burden of TB is in children who often present with
atypical radiological features and confirming the disease
microbiologically in this subgroup is challenging.®° These
three cross-cutting themes have relevance to the epidemiol-
ogy, diagnosis, and management of TB CAP.
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How Common Is TB CAP?

=Table 1 outlines the frequency of TB CAP in those presenting
with acute LRTI. Collectively, the frequency of TB CAP varied
from 1% in Beijing, China'® to almost 61% in Cote d’Ivoire."’
Overall, there seemed to be a higher prevalence of TB CAP in
those presenting with acute LRTI in HIV-endemic countries.
For example, in a large study conducted in Pietermaritzburg in
the KwaZulu-Natal Province of South Africa (the study HIV
prevalence rate was 69%), the prevalence of TB CAP in those
presenting with acute LRTI was approximately 14%.'? Notably,
M. tuberculosis was the most common pathogen associated in
those with CAP with Streptococcus pneumoniae being
the second most frequent. In a report on CAP from a tertiary
center in Durban, South Africa (study HIV prevalence rate of
81% and involving 430 participants), M. tuberculosis was the
causative pathogen in 40% of HIV-infected and 35% of HIV-
uninfected persons.'> Again, M. tuberculosis was the most
frequent pathogen isolated with S. pneumoniae being
the second most frequent pathogen isolated. A study in
Botswana recruiting 1,305 patients found the prevalence of
TB CAP to be 5.2% (87% of those with CAP were HIV-infected).'*
Similarly, a study in Kenya found the prevalence of TB CAP to be
9%, and 52% of those with CAP were HIV-infected.'

In non-HIV-endemic areas there is also an appreciable
prevalence of CAP in those presenting with acute LRTI. For
example, a study from Hong Kong that enrolled 1,193
participants who were HIV-uninfected, found the prevalence
of TB CAP in acute LRTI to be 8.1%.'° A study from the rural
Philippines that recruited 535 patients found the prevalence
of TB CAP to be 9.8%,'7 and prospective multicentric studies
from Cambodia and Vietnam (but in HIV-infected persons)
found a TB CAP prevalence of 20 and 19%, respectively.'® By
contrast, in a low HIV prevalence setting like Iran, 17.5% of
120 participants who presented with acute LRTI were found
to have TB CAP."°

A systematic review involving children, mainly from TB-
endemic countries, found that the TB CAP prevalence rate
was 7.5% among 7,045 participants.20 A systematic review
interrogating the bacterial etiology of CAP in Asian adults
that included 10,423 patients from 48 studies found that
gram-negative bacilli and M. tuberculosis were more impor-
tant pathogens with S. pneumoniae being of less relative
importance®'; by contrast, in north east Thailand Burkhol-
deria pseudomallei was a major pathogen.22 The authors
highlighted that these epidemiological findings have major
implications for the local selection of diagnostic and empiri-
cal treatment strategies of CAP. They further concluded that
narrow-spectrum antibiotics targeting S. pneumoniae may
be inappropriate in many Asian settings.

Pathogenesis

The pathogenesis of TB CAP is poorly understood but probably
represents an endpoint of different immunopathological tra-
jectories including (1) acute progressive TB pneumonia, (2)
superadded infection with bacteria or viruses in those with
subclinical TB, and (3) initial bacterial or viral pneumonia
with increased susceptibility to and superimposed infection
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Table 1 Prevalence of TB CAP
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Country[region Total number Prevalence Comment Reference
of participants of TB CAP (%)
Pietermaritzburg, 8,032 14 HIV and TB endemic setting 12
South Africa®®<
Botswana® 1,305 5.2 HIV and TB endemic setting. 87% of CAP HIV-infected 14
Durban, 430 Overall: 39.6 Consecutive patients over a 17-month period. 13
South Africa®< 40 in HIV +ve HIV and TB endemic area
35in HIV —ve
Kenya®P< 281 9 52% of CAP HIV infected 15
Cote d’lvoire 200 61 Cross-sectional study of HIV-infected patients with CAP n
Central African 101 60 Prospective multicenter study in HIV-infected 18
Republic®? persons with smear negative sputum
Cape Town, 81 6 Prospective CAP study over 5 months 124
South Africa®®-<
Senegal 70 24 Prospective multicenter study in HIV-infected 18
persons with smear negative sputum
TB endemic areas 7,045 7.5 Systematic review in children 20
Hong Kong 1,193 8.1 Prospective study of non-HIV-infected CAP 16
Hong Kong 90 12.2 Prospective study of non-HIV-infected CAP 26
Pan Asia 955 33 Prospective surveillance of CAP in 8 countries 125
Philippines®© 535 9.8 Prospective CAP study v
South Korea 528 7 High TB prevalent suburban area 35
Japan 349 1.7 Prospective CAP study 126
Japan 326 1.5 Prospective CAP study 127
Malaysia 346 4.9 Prospective CAP study; HIV testing not performed 3
Malaysia 108 10.2 Prospective CAP study 128
Malaysia 98 15.3 Prospective CAP study; HIV-infected persons excluded 129
India®P< 233 5.1 Prospective study of CAP 130
China, "< Beijing 197 1 Consecutive outpatient recruitment of CAP 10
Cambodia 193 20 Prospective multicenter study in HIV-infected 18
persons with smear negative sputum
Taiwan 168 1.2 Prospective CAP study 137
Taiwan 100 2 Prospective CAP study 132
Iran 120 17.5 Low HIV prevalence setting 19
Thailand®€ 119 2 Hospitalized CAP including HIV-infected persons 22
Vietnam™* 98 19 Prospective multicenter study in HIV-infected 18
persons with smear negative sputum
Singapore 96 21 Prospective CAP study 133

Abbreviations: HIV, human immunodeficiency virus; CAP, community-acquired pneumonia; MDR, multidrug resistant; TB, tuberculosis.

“High TB burden country by absolute number.
PHigh TB-HIV burden country by absolute number.
‘High MDR-TB burden country by absolute number.

with M. tuberculosis. In TB-endemic countries, approximately
1 to 2 percent of the population in informal settlements and
shanty towns may have active TB.2>~%° Consequently, in some
cases, acute LRTI may precipitate clinical presentation with
recovery of M. tuberculosis during investigation but failure to
culture or identify the relevant viral or bacterial pathogen.
Recovery of more than one pathogen in those with TB CAP
supports this hypothesis. Indeed, in various TB CAP-associated
studies, co-infection with different organisms including influ-
enza, S. pneumoniae, and Acinetobacter/Enterobacter was not-
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edin1,14.3, and 9% of patients, respectively.1 213,26 1t ramains
unclear if the recovered organisms were colonizing bystanders
or represented disease-causing entities, thus contributing to
hypoxia and the clinical features at presentation. It is likely
that both possibilities are tenable. The interaction between
bacteria such as pneumococcus, Haemophilus influenzae and
viruses like influenza, and increased susceptibility to TB with
accelerated presentation remain unstudied. However, in a
phase 3 study with almost 40,000 participants, pneumococcal
vaccination was associated with a 40% reduction in culture-
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confirmed TB among hospitalized vaccinated patients com-
pared with those who remained unvaccinated over a 5.3-year
follow-up period.?’ It is possible that the pneumococcal
vaccination prevented bacterial superinfection in TB cases or
alternatively may have acted through reducing enhanced
susceptibility (it is likely a combination of these possibilities).

Alternatively, M. tuberculosis may rapidly progress and
present as lobar consolidation and pneumonia. This type of
presentation, sometimes referred to as progressive primary
disease, is more commonly seen in children but may also
be seen in adults.”® Reasons for rapid progression of TB to
lobar consolidation and pneumonia-like presentation with
lack of granuloma containment are poorly understood. How-
ever, it is likely related to genetic and acquired immune
dysfunction that fails to contain M. tuberculosis and retard
disease progression. Clinical experience and published data
suggest that autophagy, CD4 T-cells, CD8 T-cells, tumor
necrosis factor (TNF)-a, regulatory T-cells, and other myco-
bactericidal mechanisms (including granzyme, cathelicidin,
and the vitamin D pathways) are likely to be important in
protecting against M. tuberculosis; however, a clear-cut
protective biosignature has, hitherto, not been clarified.?%-3°
Thus, the immunopathogenesis of TB is poorly understood
and there are no well-accepted correlates of protective
immunity. It is likely that immune paresis is the likely
mechanism as TB CAP is more common in HIV-infected
persons (and in those with advanced immunosuppression),
and HIV co-infection increases susceptibility to TB and
accelerates progression through subversion of macrophage
and CD4 T-cell responses.>’

Other factors that could influence presentation and the
evolution to TB CAP, compared with the more indolent
presentation of apical cavitary disease, may include strain
type, the force of infection or intensity of exposure, and host-
pathogen interaction, i.e., inflammatory response at the level
of host-adaptive immunity.3?

Clinical Presentation

TB CAP may be difficult to differentiate clinically from non-TB
pneumonia (non-TB CAP) on clinical and radiological grounds.?®
This results in delay in the diagnosis of TB thus increasing not
only morbidity and mortality but also the nosocomial and
nonnosocomial transmission of TB.3> However, can clinical
and radiological features help distinguish TB CAP from non-TB
CAP? In a multivariate analysis of 6,976 patients hospitalized
with CAP (TB CAP and non-TB CAP), Cavallazzi and colleagues
derived five independent predictors of TB CAP, i.e., night sweats,
hemoptysis, weight loss, M. tuberculosis exposure, and upper
lobe infiltrate.* Similarly, Chon et al, in a study with TB CAP
prevalence of 7%, identified symptoms >7 days, upper lobe
involvement, night sweats, cavitary/nodular infiltrates, and a
serum albumin <3.5 g/dL as independent predictors of TB. Two
or more factors had a sensitivity and specificity of 81.1 and 75.8%
respectively with a positive predictive value of 24.4% (if at least
two of these factors were present) and a negative predictive
value of 97.9% (if none of these factors were present).35 In
addition, longer duration of symptoms, leucopenia, and lym-
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phopenia were also predictive of TB CAP336 A pleural effusion
and upper lobe involvement were the radiographic features
more commonly seen with TB CAP2 A course of antibiotics with
assessment of clinical and radiologic response was found to be
better than derived scores in predicting TB CAP. In one study, a
failure to respond to a course of amoxicillin had a positive
predictive value of 91% and a negative predictive value of 94%.3

Tuberculosis in the Critically Il and the ICU

A diagnosis of TB in the intensive care unit (ICU) in TB-
endemic countries is not uncommon. However, there may be
different categories of TB patients admitted to the ICU. A
subset may be admitted to the ICU because of TB CAP.
Alternatively, patients may have had prior active TB and
are then admitted to the ICU because of sepsis or other
complications, or TB may have been incidentally discovered
in patients admitted to the ICU for unrelated reasons, e.g.,
trauma (subclinical TB), and rarely due to disseminated TB-
associated acute respiratory distress syndrome.38 Thus, the
most common indication for TB-related ICU admission is
acute respiratory failure or multiorgan failure; however,
often, these complications may not be directly related to
TB.33-42 Other potential indications for ICU admission are
massive hemoptysis, cardiogenic shock, and neurological
deterioration in patients with tuberculous meningi-
tis.3343-45 Thus, there are no data specifically on TB CAP
and outcomes in the ICU; this is an area that warrants further
study. Nevertheless, in our experience, the mortality rate
remains high in patients with TB CAP requiring mechanical
ventilation and is estimated to be twice as high as non-TB
CAP requiring mechanical ventilation.*> A mortality rate of
69% was noted in a Canadian study of TB patients requiring
mechanical ventilation.*® Similarly, a high mortality rate of
65.9% was recorded by Lee and colleagues at a tertiary
hospital in Taiwan in patients with active TB requiring
mechanical ventilation.*> A retrospective review in Germany
recorded a mortality rate of 22.4%, which is similar to that of
non-TB CAP requiring mechanical ventilation.** More re-
cently, in a prospective study in a TB-endemic setting,
Calligaro and colleagues reported ICU mortality of 27% and
in-hospital mortality of 31% at a tertiary hospital in Cape
Town, South Africa.®® In this study, patients with known
prior active TB requiring ICU admission were analyzed
separately. Importantly, they observed that mortality in
patients diagnosed with TB in ICU was no different to that
of other critically ill patients without TB. However, in the
same city but in a different ICU, Balkema et al prospectively
enrolled active and subclinical TB patients and reported an
ICU and in-hospital mortality of 44.2 and 59%, respectively.*3
Mortality rates of 22 to 70% have been observed in TB-HIV
co-infected patients admitted to the ICU.#"#2:47

In summary, risk factors associated with increased mor-
tality in ICU (and not specifically due to TB CAP
alone) include older age, mechanical ventilation, multi-
organ failure, APACHE II score of >20, hemodynamic insta-
bility requiring vasopressors, nosocomial pneumonia, and
delayed initiation of antituberculous treatment.3843-4547 |
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addition to the above risk factors, advanced immunosup-
pression, hypoalbuminemia, and lymphopenia are predic-
tors of increased mortality in TB-HIV co-infected patients in
the 1CU.41-42.47

Diagnosis of TB CAP

The Challenge of Biological Sample Acquisition

Most of the diagnostic tests for TB rely on expectoration of a
good sputum sample. Some patients may not be able to
expectorate sputum. Indeed, 64% of HIV-uninfected persons
with non-TB CAP are sputum scarce.*® In HIV-infected patients
with pulmonary TB in general (not specific to TB CAP), up to a
third of patients are unable to produce sputum for diagnostic
testing.*° In addition, in this subgroup the bacillary load in the
sputum is low and thus, a significant proportion are sputum
smear negative.’*>? We have demonstrated that sputum
induction and bronchoalveolar lavage aid sputum acquisition
in smear-negative and sputum-scarce patients with good
results and should be used when appropriate.”>~° Tracheal
aspirates from patients on mechanical ventilation have also
been shown to yield good results.>® In summary, when test
results are negative, this may be due to sampling error, i.e.,
poor quality sputum, and thus teaching patients how to
properly expectorate sputum is important.

Nonspecific Discriminatory Biomarkers
Distinguishing TB CAP from Non-TB CAP
As outlined, differentiating TB CAP from non-TB CAP
on clinical and radiologic grounds is often challenging.

Sputum-based diagnostic test for drug-sensitive TB

Sputum-based diagnostic test for drug-resistant TB
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However, procalcitonin (PCT) and C-reactive protein (CRP),
which are markers of inflammatory response to infection,
differ significantly between TB CAP and non-TB CAP. PCT and
CRP are generally significantly higher (both in HIV-infected
and uninfected persons) in bacterial/non-TB CAP than in TB
CAP with sensitivity ranging from 43 to 87% for PCT and 78 to
83% for CRP, while specificity for PCT ranged from 78 to 88%
and that for CRP from 75 to 83%. Positive and negative
predictive values for PCT ranged from 65 to 67% and 74 to
91%, respectively, while that for CRP from 64 to 82% and 65 to
89%, respectively.”®~>° These values although broadly dis-
criminating fail to achieve thresholds that make them useful
for clinical practice (would rule in or exclude only roughly
two-thirds of individuals). Yoon and colleagues identified a
neutrophil-to-lymphocyte ratio <7.0 as the optimal cut-off
value for distinguishing patients with TB CAP from patients
with bacterial non-TB CAP, yielding 91.1% sensitivity, 81.9%
specificity, 85.7% positive predictive value, and 88.5% nega-
tive predictive value.®° The triggering receptor expressed on
myeloid cells (TREM)®" is a recently described member of the
immunoglobulin superfamily expressed on blood phago-
cytes and alveolar macrophages. TREM-1 is selectively
expressed in the lungs of patients with bacterial non-TB
CAP and not in TB CAP.®" Further studies are needed to clarify
its utility in distinguishing TB CAP from other causes of CAP.

Confirmatory Microbiological Tests for M. tuberculosis
(~Fig. 1)

Confirmation of a TB diagnosis is challenging. Globally, only
just over 50% of TB is microbiologically confirmed.®? In most
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Fig. 1 Currently available sputum and urine-based tools for the microbiological diagnosis of drug-sensitive and drug-resistant tuberculosis.
“The WHO-approved Cepheid GeneXpert MTB/RIF and Hain Lifescience line probe assay have been depicted but other nucleic acid amplification
tests (NAAT) such as Amplified Mycobacterium Tuberculosis Direct (MTD) test by Gen-Probe Inc., and Amplicor Mycobacterium Tuberculosis Test
by Roche Molecular Systems are also FDA-approved and commercially available. DST, drug susceptibility testing; FDA, Food and Drug
Administration; FQ: fluoroquinolones; INH, isoniazid; RIF, rifampicin; SLID, second-line injectable drugs (e.g., kanamycin and amikacin).
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high TB-burden settings, despite the advent of molecular
diagnostics, smear microscopy remains the standard of care
though the sensitivity is only approximately 50%.°®> The
sensitivity of same-day smear microscopy can be improved
by approximately 10% after sample centrifugation and use of
fluorescence microscopy.®* The quasi-gold standard confir-
matory test is automated liquid culture, which has a limit of
detection of approximately 10 organisms per mL and is more
sensitive. However, it is more costly and more prone to
contamination than solid media.?>-%®

Nucleic acid amplification tests are now available as con-
firmatory tests and the WHO has endorsed the use of the Hain
MTBDRplus and MTBDRsl assays and Gene Xpert MTB/RIF,
now superseded by Xpert Ultra, for the diagnosis of TB.%” In a
multicentric study, Xpert Ultra had a sensitivity of 97.8% in
smear positive, 78.9% in smear-negative pulmonary TB, with
high specificity and a level of detection in sputum of 15.6
organisms/mL.%% By contrast, the sensitivity of Xpert is subop-
timal in TB serositis (pericarditis, pleural and peritoneal
TB).5%70 Although Xpert assays are cost-effective and enable
rapid detection of rifampicin-resistant TB, they are unable to
detect isoniazid monoresistant TB, might remain positive for
several years after completion of treatment (therefore often
positive in those with previous TB),>>”" and cannot be used to
monitor treatment.’?’3 Furthermore, although Xpert enables
amore rapid diagnosis, it failed to show a clear-cut reduction in
morbidity, mortality, and impact on the burden of TB.”4~® The
latter is not surprising given that most TB transmission (>95%)
has occurred prior to patients presenting to health care
facilities for treatment.

Alternative confirmatory susceptibility testing is advis-
able in regions where MDR TB prevalence is less than 10%
because of the modest positive predictive value of Xpert or
rifampicin resistance.®’ Genotypic resistance testing beyond
rifampicin, including second-line drugs, may be undertaken
using multiplex molecular assays, e.g., the Hain MTBDRplus
and MTBDRs! using TB isolates or smear-positive sputum.’’
Targeted or next-generation sequencing is being investigated
but the technology is not yet ripe for use in clinical practice
and its impact on treatment outcome still needs to be
established.”® However, as technology improves, next-gen-
eration sequencing has great potential for rapid diagnosis of
drug-resistant TB in diverse clinical settings once several
hurdles are overcome.”®

The urine lipoarabinomannan (LAM) point-of-care lateral
flow assay is a useful low-cost test in patients with advanced
HIV, especially in those with CD4 count less than 100 cells/mL
and particularly in patients who are sputum scarce. Even in this
group, although sensitivity is only approximately 30 to 40%, its
use in HIV-endemic settings has demonstrated a mortality
benefit.** LAM sensitivity increases with decreasing CD4
count %80

In summary, in TB and HIV high- and intermediate-burden
settings where TB CAP comprises a significant proportion of all
patients with CAP, patients should be routinely tested for TB.
Molecular, microscopic, antigen-based, and culture-based test-
ing should be used depending on the clinical and situational
context. This has a bearing on morbidity and mortality as well
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as nosocomial transmission of TB to health care workers
and patients without TB.8"82 Finally, to confirm the diagnosis
and direct therapy, appropriate ancillary testing for other
causes of CAP should be undertaken including tests for Pneu-
mocystis jirovecii (PJP), viruses, fungi (including PJP), and
bacteria (including blood and sputum culture, and serological
and antigen-based testing for Legionella and atypical bacteria).

Clinical Management of TB CAP

Treatment of TB CAP is generally no different from treatment
of other forms of TB.

Drug-Sensitive TB

The current 6-month regimen for drug-sensitive TB was
derived in the 1970s and is still highly effective. Given the
long duration of therapy treatment, default rates can be
substantial.®? African patients on TB treatment had delayed
lower sputum conversion rates,3* likely as a result of lower
levels of rifampicin in Black Africans®” related to drug metab-
olism by liver enzymes, e.g., there is a high frequency of a
polymorphism in SLCO1B1 gene.®® To improve adherence,
directly observed therapy (DOT) was widely implemented.
However, a meta-analysis has shown that DOT is no better than
self-administered therapy in preventing microbiologic failure,
relapse, or adverse drug reactions.®” Drug-induced liver injury
is the most serious side effect of treatment.38

Adjunctive Corticosteroids for TB CAP

Adjunctive steroid use remains controversial in TB CAP as it is
in non-TB CAP.2%%0 There is no proven indication for steroids
in TB CAP unless the patient has concomitant tuberculous
meningitis where steroids reduce death and neurological
deficit, or tuberculous pericarditis where a mortality benefit
was noted.’"?2 However, a large study done in South Africa
evaluating efficacy of steroids in tuberculous pericarditis did
not show a mortality benefit, though there was a reduction in
the development of constrictive pericarditis.>> Adjunctive
steroids are also indicated in patients with severe TB CAP
requiring vasopressors and/or with adrenal insufficiency.**
The downside of steroid use includes gastrointestinal bleed-
ing, hyperglycemia, exacerbation of immune paralysis, and
superinfection,”® and increased incidence of cancer in HIV-
infected patients who are not on antiretroviral therapy.’?
Thus, use of steroids in TB CAP must be individualized and is
clinical-context-dependent.

Therapeutic Drug Monitoring

It has now been established that the pharmacokinetics of anti-
TB drugs is influenced by several factors including patient
demographic profile including age, sex and ethnicity, gastro-
intestinal motility, drug formulation, and co-administration
with other drugs leading to drug-drug interactions.’®~%0 The
recommended rifampicin dose of 10 mg/kg, derived in the
1970s, was based mainly on perceived high cost and toxicity
considerations. Several studies have consistently shown that
lower than expected maximal drug concentrations was
associated with a poor clinical outcome.’®90-192 More
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recently, clinical studies of high-dose rifampicin, up to 35 -
mg/kg, demonstrated that it was associated with improved
pharmacokinetics, and higher early mycobactericidal activity.
Thus, rifampicin-based therapeutic drug monitoring (TDM)' %
is likely beneficial in certain patient subgroups such as those
who have poor prognostic features (and are thus slow to
respond to treatment), including HIV-infected persons, those
at risk of drug-drug interactions, in those with likely altered
drug pharmacokinetics, and in those with DR-TB.'®® Con-
trolled trials on the impact of rifampicin-based TDM are
eagerly awaited.

Little is known about the pharmacokinetics of anti-TB
drugs in the ICU since it is modulated by several factors,
including enteral nutrition, gastroparesis, intestinal paraly-
sis, ulcer prophylaxis, and liver and renal dysfunction.'%®
Indeed, preliminary findings by Koegelenberg and col-
leagues showed that crushed fixed combination tablets
given via a nasogastric tube to TB patients in ICU was
associated with subtherapeutic levels of rifampicin espe-
cially in patients with higher APACHE Il scores.'®* This could
be circumvented by giving anti-TB drugs intravenously.
However, only rifampicin and isoniazid are available as
intravenous injections.!% Given the above-mentioned con-
siderations, we recommend the use of rifampicin-based
TDM in appropriate patients including those with TB CAP
and in the ICU.

Treatment in TB-HIV Co-infected Patients

Recurrence of TB, generally from reinfection rather than
reactivation, is high in TB-HIV co-infected patients.'® Ri-
fampicin, which is a hepatic inducer of drug-metabolizing
enzymes and transporters, may lower concentration levels
necessitating increased doses of antiretroviral drugs or
switching to rifabutin, a weaker hepatic inducer.! Immune
reconstitution inflammatory syndrome (IRIS)?? is an immu-
nopathological response usually seen at least 2 weeks after
initiation of antiretroviral therapy that may unmask TB or
paradoxically worsen TB manifestations. The risk of TB-IRIS
increases with falling CD4 count and is associated with a low
mortality.'% Oral prednisone reduced the need for hospital-
ization and therapeutic procedures, and hastened improve-
ment of symptoms in patients with TB-IRIS.'?” In addition,
prednisone lowered the incidence of TB-IRIS.'%® The same
considerations are likely to apply to TB CAP.

Management of TB CAP that Is Resistant to Frontline
TB Drugs

Two new drugs, bedaquiline and delamanid, have been
registered for use in DR-TB. Several other drugs including
later generation of fluoroquinolones, linezolid, and clofazi-
mine have been repurposed for the treatment of DR-TB. The
WHO has now newly grouped second-line drugs into Group
A (bedaquiline, fluoroquinolone, and linezolid), B (clofazi-
mine, cycloserine/terizidone), and C that include all the
remaining agents based on their impact on mortality and
treatment-related outcomes. Till recently, treatment success
rates for DR-TB have been only approximately 50%,'%° and the
regimens have been toxic, poorly tolerated, and prolonged.
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When treating rifampicin-resistant TB the WHO advises
that all three Group A agents and at least one Group B agent
should be included to ensure that at least four effective drugs
are used (ideally, we recommend that at least five likely
effective drugs should be used). A total treatment duration of
18 to 20 months is suggested for most patients depending on
time to culture conversion, though in some settings like
South Africa shorter regimens are routinely being used.
Sputum culture and microscopy can be used to monitor
treatment response. The emergence of programmatically
incurable TB and discharge back into the community of
such patients has raised legal, ethical, and logistical dilem-
mas in high-burden settings as these patients remain
infectious.'%11

Prognosis and Outcome of TB CAP

In non-TB CAP, mortality varies between <1% and nearly 50%
depending on disease severity, initiation of timely appropri-
ate treatment, and other factors.'®112 By contrast, mortality
rates in TB CAP are reported to be between 7 and 70%
depending on severity and prognostic factors.'84347.113 [
a study conducted at a tertiary center in Durban, South
Africa, the overall mortality for CAP was 17% (15.7 and
26.7% in HIV-infected and uninfected groups, respectively).
In those with TB CAP, mortality in the HIV-infected and
uninfected groups was 26 and 11%, respectively. In the same
study in those with pneumococcal pneumonia, mortality in
the HIV-infected and uninfected groups was 18 and 22%,
respectively.'?

Post-TB CAP Complications and Post-TB Lung
Disease

Pulmonary TB causes substantial chronic morbidity due to
lung remodelling®? resulting in chronic pulmonary obstruc-
tive disease,''* posttuberculous bronchiectasis, Aspergillus-
associated lung disease, and lung destruction.3? Those with
TB CAP are at risk of the same sequelae though little is known
about the nature of post-TB lung disease (PTBLD) in TB CAP
versus more indolent forms of TB. PTBLD causes progressive
disability and may be complicated by respiratory failure
and/or massive hemoptysis requiring either surgery or bron-
chial artery embolization. The pathogenesis of PTBLD is
poorly understood but may result from dysfunctional extra-
cellular matrix deposition and clearance.>? Aspergillomas in
the residual cavities may cause massive hemoptysis or
chronic pulmonary Aspergillus-associated disease.' '

Prevention of TB CAP

There is currently no proven population-wide effective vaccine
for TB though a recent phase IIl trial showed promising
results.'® Bacille Calmette-Guerin (BCG), which is still admin-
istered at birth in most TB-endemic countries, provides approx-
imately 30% protection against TB in adults''” and protects
against disseminated form of TB, like TB-meningitis in chil-
dren.''® There is circumstantial evidence that vaccination
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against S. pneumoniae and influenza may afford some protec-
tion against M. tuberculosis and conversely that BCG may
provide protection against LRTI through the mechanism-
trained innate immunity.'’® Identification and treatment of
latent TB infection (LTBI) is an important preventative strategy
that is used in certain high-risk groups in low-burden set-
tings'?? and in HIV-infected persons and children under 5 years
in resource-poor settings.'>! However, it is now recognized that
TB will never be eradicated without treating LTBI, which can
later spawn cases of active TB driving ongoing community-
based transmission. Hence, recent WHO guidelines have for the
first time conditionally approved identification and treatment
of LTBI in HIV-uninfected close contacts of index cases in TB-
endemic settings.'%? In sub-Saharan Africa and other appropri-
ate settings, universal testing for HIV (or in certain high-risk
groups) with provision of antiretroviral therapy is an important
preventative measure given that HIV is a potent risk factor for
TB. Epidemiologically, at a population-based level, cigarette
smoking and biomass fuel exposure are even bigger drivers of
TB than HIV." Thus, smoking cessation and public health
interventions to minimize exposure to biomass fuels are an
important preventative strategy. Similarly, awareness cam-
paigns and public health strategies educating people about
TB, TB CAP, and non-TB CAP, including awareness about the
symptoms and risk factors for TB, are important. It is remarkable
that two out of every five TB cases globally remain undetected!
62 Thus, community-based active case finding is a critical
preventative strategy to reduce the burden of TB in general.
Passive case finding (where patients self-seek medical care) is
currently the dominant public health strategy employed glob-
ally. However, with this approach more than 95% of transmis-
sion has already occurred prior to treatment initiation. Newer
portable molecular tools that can be used at point of care??
including development of new screening tools'?> promises to
revolutionize community-based active case finding for TB.

Conclusion

TB CAP is more common than appreciated and is an impor-
tant cause of acute LRTI in Africa, Asia, and South America. TB
should be considered as part of the differential diagnosis and
should be specifically excluded in patients with CAP in these
settings. In low TB-burden settings, TB CAP should be
considered in high-risk groups including immigrants, HIV-
infected persons, and those with immunosuppressive con-
ditions including chronic organ dysfunction. Our ability to
rapidly diagnose TB has markedly improved and in countries
like South Africa, rapid molecular assays are frontline tools
that are available in almost every primary level clinic. Drug-
sensitive TB treatment is generally associated with good
outcomes and there is considerable work being undertaken
to find shorter and more effective treatment regimens.
Although there is no effective vaccine, treatment of LTBI in
appropriate settings and implementation of basic preventa-
tive measures such as BCG vaccination, HIV testing and
treatment, smoking cessation, and reduction in exposure
to biomass fuels are important preventative strategies.
However, until there is greater alleviation of poverty and
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overcrowding, improved research funding, and improved
political will, TB, non-TB CAP, and TB CAP will continue to
be important causes of morbidity and mortality, particularly
in resource-poor settings.

Conflict of Interest
None declared.

References
1 DhedaK, Barry CE III, Maartens G. Tuberculosis. Lancet 2016;387
(10024):1211-1226
2 Global tuberculosis report 2019. Available at: https://www.who.
int/tb/publications/global_report/en/. Accessed April 7, 2020
3 Liam CK, Pang YK, Poosparajah S. Pulmonary tuberculosis pre-
senting as community-acquired pneumonia. Respirology 2006;
11(06):786-792
4 GBD 2013 Mortality and Causes of Death Collaborators. Global,
regional, and national age-sex specific all-cause and cause-
specific mortality for 240 causes of death, 1990-2013: a system-
atic analysis for the Global Burden of Disease Study 2013. Lancet
2015;385(9963):117-171
5 Suchindran S, Brouwer ES, Van Rie A. Is HIV infection a risk factor
for multi-drug resistant tuberculosis? A systematic review. PLoS
One 2009;4(05):e5561
6 Olayanju O, Esmail A, Limberis J, Gina P, Dheda K. Linezolid
interruption in patients with fluoroquinolone-resistant tuber-
culosis receiving a bedaquiline-based treatment regimen. Int |
Infect Dis 2019;85:74-79
7 Schnippel K, Ndjeka N, Maartens G, et al. Effect of bedaquiline on
mortality in South African patients with drug-resistant tubercu-
losis: a retrospective cohort study. Lancet Respir Med 2018;6
(09):699-706
8 Marais BJ, Pai M. New approaches and emerging technologies in
the diagnosis of childhood tuberculosis. Paediatr Respir Rev
2007;8(02):124-133
9 Starke JR. Diagnosis of tuberculosis in children. Pediatr Infect Dis
] 2000;19(11):1095-1096
10 Cao B, Ren LL, Zhao F, et al. Viral and mycoplasma pneumoniae
community-acquired pneumonia and novel clinical outcome
evaluation in ambulatory adult patients in China. Eur J Clin
Microbiol Infect Dis 2010;29(11):1443-1448
11 Grant AD, Sidibé K, Domoua K, et al. Spectrum of disease among
HIV-infected adults hospitalised in a respiratory medicine unit
in Abidjan, Cote d’Ivoire. Int ] Tuberc Lung Dis 1998;2(11):
926-934
12 Walaza S, Tempia S, Dawood H, et al. Influenza virus infection is
associated with increased risk of death amongst patients hospi-
talized with confirmed pulmonary tuberculosis in South Africa,
2010-2011. BMC Infect Dis 2015;15:26
13 Nyamande K, Lalloo UG, John M. TB presenting as community-
acquired pneumonia in a setting of high TB incidence and high
HIV prevalence. Int ] Tuberc Lung Dis 2007;11(12):1308-1313
14 Gersh JK, Feldman Z, Greenberger E, et al. Tuberculosis among
individuals with community-acquired pneumonia presenting to
emergency in Gaborone, Botswana. ] Public Health Africa 2018;9
(01):803
15 Scott JA, Hall A], Muyodi C, et al. Aetiology, outcome, and risk
factors for mortality among adults with acute pneumonia in
Kenya. Lancet 2000;355(9211):1225-1230
16 Lui G, Ip M, Lee N, et al. Role of 'atypical pathogens’ among adult
hospitalized patients with community-acquired pneumonia.
Respirology 2009;14(08):1098-1105
17 Lupisan S, Suzuki A, Macalalad N, et al. Etiology and epidemiol-
ogy of community-acquired pneumonia in adults requiring
hospital admission: a prospective study in rural Central
Philippines. Int ] Infect Dis 2019;80:46-53

Seminars in Respiratory and Critical Care Medicine Vol. 41 No. 4/2020

599

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://www.who.int/tb/publications/global_report/en/
https://www.who.int/tb/publications/global_report/en/

600 Tuberculosis Presenting as CAP  Dheda et al.

18

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Seminars in Respiratory and Critical Care Medicine

Vray M, Germani Y, Chan S, et al. Clinical features and etiology of
pneumonia in acid-fast bacillus sputum smear-negative HIV-
infected patients hospitalized in Asia and Africa. AIDS 2008;22
(11):1323-1332

Naderi H, Sheybani F, Erfani SS, Amiri B, Nooghabi MJ. The mask
of acute bacterial pneumonia may disguise the face of tubercu-
losis. Electron Physician 2017;9(03):3943-3949

Oliwa JN, Karumbi JM, Marais B], Madhi SA, Graham SM. Tuber-
culosis as a cause or comorbidity of childhood pneumonia in
tuberculosis-endemic areas: a systematic review. Lancet Respir
Med 2015;3(03):235-243

Peto L, Nadjm B, Horby P, et al. The bacterial aetiology of adult
community-acquired pneumonia in Asia: a systematic review.
Trans R Soc Trop Med Hyg 2014;108(06):326-337

Hara K, Yahara K, Gotoh K, et al. Clinical study concerning the
relationship between community-acquired pneumonia and viral
infection in northern Thailand. Intern Med 2011;50(09):
991-998

Calligaro GL, Zijenah LS, Peter ]G, et al. Effect of new tuberculosis
diagnostic technologies on community-based intensified case
finding: a multicentre randomised controlled trial. Lancet Infect
Dis 2017;17(04):441-450

Claassens M, van Schalkwyk C, den Haan L, et al. High prevalence
of tuberculosis and insufficient case detection in two communi-
ties in the Western Cape, South Africa. PLoS One 2013;8(04):
58689

Middelkoop K, Mathema B, Myer L, et al. Transmission of
tuberculosis in a South African community with a high preva-
lence of HIV infection. ] Infect Dis 2015;211(01):53-61

Chan CH, Cohen M, Pang ]. A prospective study of community-
acquired pneumonia in Hong Kong. Chest 1992;101(02):
442-446

Moore DP, Klugman KP, Madhi SA. Role of Streptococcus pneu-
moniae in hospitalization for acute community-acquired pneu-
monia associated with culture-confirmed Mycobacterium
tuberculosis in children: a pneumococcal conjugate vaccine
probe study. Pediatr Infect Dis ] 2010;29(12):1099-04
Schlossberg D. Acute tuberculosis. Infect Dis Clin North Am
2010;24(01):139-146

Dheda K, Schwander SK, Zhu B, van Zyl-Smit RN, Zhang Y. The
immunology of tuberculosis: from bench to bedside. Respirology
2010;15(03):433-450

Scriba TJ, Coussens AK, Fletcher HA. Human immunology of
tuberculosis. Microbiol Spectr 2017;5(01):5

Dheda K, Calligaro GL. Human immunodeficiency virus and
tuberculosis co-infection. In: Davies P, Gordon S, Davies G,
eds. Clinical Tuberculosis. 5th ed. Boca Raton, Florida: CRC Press;
2014:269-292

Dheda K, Booth H, Huggett JF, Johnson MA, Zumla A, Rook GA.
Lung remodeling in pulmonary tuberculosis. ] Infect Dis 2005;
192(07):1201-1209

Greenaway C, Menzies D, Fanning A, Grewal R, Yuan L, FitzGerald
JM; Canadian Collaborative Group in nosocomial Transmission of
Tuberculosis. Delay in diagnosis among hospitalized patients
with active tuberculosis-predictors and outcomes. Am ] Respir
Crit Care Med 2002;165(07):927-933

Cavallazzi R, Wiemken T, Christensen D, et al; Community-Ac-
quired Pneumonia Organization (CAPO) Investigators. Predicting
Mycobacterium tuberculosis in patients with community-ac-
quired pneumonia. Eur Respir ] 2014;43(01):178-184

Chon SB, Kim TS, Oh WS, Lee SJ, Han SS, Kim W]J. Pulmonary
tuberculosis among patients hospitalised with community-ac-
quired pneumonia in a tuberculosis-prevalent area. Int ] Tuberc
Lung Dis 2013;17(12):1626-1631

Shen GH, Tsao TC, Kao SJ, et al. Does empirical treatment of
community-acquired pneumonia with fluoroquinolones delay
tuberculosis treatment and result in fluoroquinolone resistance

Vol. 41 No. 4/2020

37

38

39

40

a1

42

43

44

45

46

47

48

49

50

5

52

53

54

in Mycobacterium tuberculosis? Controversies and solutions. Int
] Antimicrob Agents 2012;39(03):201-205

Kudjawu Y, Massari V, Sow O, Bah B, Larouzé B, Murray JF. Benefit
of amoxicillin in differentiating between TB suspects whose
initial AFB sputum smears are negative. Int ] Tuberc Lung Dis
2006;10(04):441-446

Calligaro GL, Theron G, Khalfey H, et al. Burden of tuberculosis in
intensive care units in Cape Town, South Africa, and assessment
of the accuracy and effect on patient outcomes of the Xpert MTB/
RIF test on tracheal aspirate samples for diagnosis of pulmonary
tuberculosis: a prospective burden of disease study with a
nested randomised controlled trial. Lancet Respir Med 2015;3
(08):621-630

Silva DR, Menegotto DM, Schulz LF, Gazzana MB, Dalcin PT.
Mortality among patients with tuberculosis requiring intensive
care: a retrospective cohort study. BMC Infect Dis 2010;10:54
Sydow M, Schauer A, Crozier TA, Burchardi H. Multiple organ
failure in generalized disseminated tuberculosis. Respir Med
1992;86(06):517-519

Duro RP, Figueiredo Dias P, Ferreira AA, et al. Severe tuberculosis
requiring intensive care: a descriptive analysis. Crit Care Res
Pract 2017;2017:9535463

Ferreira MD, Neves CPD, Souza AB, et al. Predictors of mortality
among intensive care unit patients coinfected with tuberculosis
and HIV. ] Bras Pneumol 2018;44(02):118-124

Balkema CA, Irusen EM, Taljaard JJ, Koegelenberg CF. Tuberculo-
sis in the intensive care unit: a prospective observational study.
Int ] Tuberc Lung Dis 2014;18(07):824-830

Erbes R, Oettel K, Raffenberg M, Mauch H, Schmidt-loanas M,
Lode H. Characteristics and outcome of patients with active
pulmonary tuberculosis requiring intensive care. Eur Respir ]
2006;27(06):1223-1228

Lee PL, Jerng JS, Chang YL, et al. Patient mortality of active
pulmonary tuberculosis requiring mechanical ventilation. Eur
Respir ] 2003;22(01):141-147

Penner C, Roberts D, Kunimoto D, Manfreda ], Long R. Tubercu-
losis as a primary cause of respiratory failure requiring mechan-
ical ventilation. Am ] Respir Crit Care Med 1995;151(3, Pt
1):867-872

Zahar JR, Azoulay E, Klement E, et al. Delayed treatment contrib-
utes to mortality in ICU patients with severe active pulmonary
tuberculosis and acute respiratory failure. Intensive Care Med
2001;27(03):513-520

Ewig S, Schlochtermeier M, Goéke N, Niederman MS. Applying
sputum as a diagnostic tool in pneumonia: limited yield, minimal
impact on treatment decisions. Chest 2002;121(05):1486-1492
Peter JG, Theron G, van Zyl-Smit R, et al. Diagnostic accuracy of a
urine lipoarabinomannan strip-test for TB detection in HIV-
infected hospitalised patients. Eur Respir ] 2012;40(05):
1211-1220

Getahun H, Harrington M, O’Brien R, Nunn P. Diagnosis of smear-
negative pulmonary tuberculosis in people with HIV infection or
AIDS in resource-constrained settings: informing urgent policy
changes. Lancet 2007;369(9578):2042-2049

Harries AD, Maher D, Nunn P. An approach to the problems of
diagnosing and treating adult smear-negative pulmonary tuber-
culosis in high-HIV-prevalence settings in sub-Saharan Africa.
Bull World Health Organ 1998;76(06):651-662

Colebunders R, Bastian I. A review of the diagnosis and treatment
of smear-negative pulmonary tuberculosis. Int ] Tuberc Lung Dis
2000;4(02):97-107

Theron G, Peter ], Meldau R, et al. Accuracy and impact of Xpert
MTB/RIF for the diagnosis of smear-negative or sputum-scarce
tuberculosis using bronchoalveolar lavage fluid. Thorax 2013;68
(11):1043-1051

Peter ]G, Theron G, Singh N, Singh A, Dheda K. Sputum induction
to aid diagnosis of smear-negative or sputum-scarce

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



55

56

57

58

59

60

6

62

63

64

65

66

67

68

69

70

7

72

73

tuberculosis in adults in HIV-endemic settings. Eur Respir ]
2014;43(01):185-194

Peter ]G, Theron G, Pooran A, Thomas ], Pascoe M, Dheda K.
Comparison of two methods for acquisition of sputum samples
for diagnosis of suspected tuberculosis in smear-negative or
sputum-scarce people: a randomised controlled trial. Lancet
Respir Med 2013;1(06):471-478

Schleicher GK, Herbert V, Brink A, et al. Procalcitonin and
C-reactive protein levels in HIV-positive subjects with tubercu-
losis and pneumonia. Eur Respir ] 2005;25(04):688-692
Nyamande K, Lalloo UG. Serum procalcitonin distinguishes CAP
due to bacteria, Mycobacterium tuberculosis and PJP. Int ] Tuberc
Lung Dis 2006;10(05):510-515

Kang YA, Kwon SY, Yoon HI, Lee JH, Lee CT. Role of C-reactive
protein and procalcitonin in differentiation of tuberculosis from
bacterial community acquired pneumonia. Korean ] Intern Med
(Korean Assoc Intern Med) 2009;24(04):337-342

Ugajin M, Miwa S, Shirai M, et al. Usefulness of serum procalci-
tonin levels in pulmonary tuberculosis. Eur Respir J2011;37(02):
371-375

Yoon NB, Son C, Um SJ. Role of the neutrophil-lymphocyte count
ratio in the differential diagnosis between pulmonary tubercu-
losis and bacterial community-acquired pneumonia. Ann Lab
Med 2013;33(02):105-110

Richeldi L, Mariani M, Losi M, et al. Triggering receptor expressed
on myeloid cells: role in the diagnosis of lung infections. Eur
Respir | 2004;24(02):247-250

Global tuberculosis report 2018. Available at: https://www.who.
int/tb/publications/global_report/en/. Accessed April 7, 2020
Davis JL. Bringing patient-centered tuberculosis diagnosis into
the light of day. BMC Med 2017;15(01):219

Steingart KR, Henry M, Ng V, et al. Fluorescence versus conven-
tional sputum smear microscopy for tuberculosis: a systematic
review. Lancet Infect Dis 2006;6(09):570-581

van Zyl-Smit RN, Binder A, Meldau R, et al. Comparison of
quantitative techniques including Xpert MTB/RIF to evaluate
mycobacterial burden. PLoS One 2011;6(12):e28815

Cruciani M, Scarparo C, Malena M, Bosco O, Serpelloni G, Mengoli
C. Meta-analysis of BACTEC MGIT 960 and BACTEC 460 TB, with
or without solid media, for detection of mycobacteria. ] Clin
Microbiol 2004;42(05):2321-2325

WHO consolidated guidelines on drug resistant tuberculosis
treatment 2019. Available at: https://www.who.int/tb/publica-
tions/2019/consolidated-guidelines-drug-resistant-TB-treat-
ment/en/. Accessed April 7, 2020

Chakravorty S, Simmons AM, Rowneki M, et al. The new Xpert
MTB/RIF Ultra: improving detection of Mycobacterium tubercu-
losis and resistance to rifampin in an assay suitable for point-of-
care Testing. MBio 2017;8(04):8

Pandie S, Peter ]G, Kerbelker ZS, et al. Diagnostic accuracy of
quantitative PCR (Xpert MTB/RIF) for tuberculous pericarditis
compared to adenosine deaminase and unstimulated interferon-
Y in a high burden setting: a prospective study. BMC Med 2014;
12:101

Meldau R, Randall P, Pooran A, et al. Same-day tools, including
Xpert Ultra and IRISA-TB, for rapid diagnosis of pleural tubercu-
losis: a prospective observational study. ] Clin Microbiol 2019;57
(09):57

Theron G, Venter R, Smith L, et al. False-positive Xpert MTB/RIF
results in retested patients with previous tuberculosis: frequen-
cy, profile, and prospective clinical outcomes. ] Clin Microbiol
2018;56(03):56

Langley I, Lin HH, Egwaga S, et al. Assessment of the patient, health
system, and population effects of Xpert MTB/RIF and alternative
diagnostics for tuberculosis in Tanzania: an integrated modelling
approach. Lancet Glob Health 2014;2(10):e581-e591

Friedrich SO, Rachow A, Saathoff E, et al; Pan African Consortium
for the Evaluation of Anti-tuberculosis Antibiotics (PanACEA).

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

Tuberculosis Presenting as CAP  Dheda et al.

Assessment of the sensitivity and specificity of Xpert MTB/RIF
assay as an early sputum biomarker of response to tuberculosis
treatment. Lancet Respir Med 2013;1(06):462-470

Theron G, Zijenah L, Chanda D, et al; TB-NEAT team. Feasibility,
accuracy, and clinical effect of point-of-care Xpert MTB/RIF
testing for tuberculosis in primary-care settings in Africa: a
multicentre, randomised, controlled trial. Lancet 2014;383
(9915):424-435

Cox HS, Mbhele S, Mohess N, et al. Impact of Xpert MTB/RIF for TB
diagnosis in a primary care clinic with high TB and HIV preva-
lence in South Africa: a pragmatic randomised trial. PLoS Med
2014;11(11):e1001760

Churchyard GJ, Stevens WS, Mametja LD, et al. Xpert MTB/RIF
versus sputum microscopy as the initial diagnostic test for
tuberculosis: a cluster-randomised trial embedded in South
African roll-out of Xpert MTB/RIF. Lancet Glob Health 2015;3
(08):e450-e457

Theron G, Peter J, Richardson M, et al. The diagnostic accuracy of
the GenoType(®) MTBDRsl assay for the detection of resistance
to second-line anti-tuberculosis drugs. Cochrane Database Syst
Rev 2014;(10):CD010705

Colman RE, Mace A, Seifert M, et al. Whole-genome and targeted
sequencing of drug-resistant Mycobacterium tuberculosis on the
iSeq100 and MiSeq: A performance, ease-of-use, and cost evalu-
ation. PLoS Med 2019;16(04):e1002794

Technical guide on next-generation sequencing technologies for the
detection of mutations associated with drug resistance in Mycobac-
terium tuberculosis complex. 2018. Available at: https://www.who.
int/tb/publications/2018/WHO_technical_guide_nextgen_sequenc-
ing/en/. Accessed April 7, 2020

Lawn SD, Dheda K, Kerkhoff AD, et al. Determine TB-LAM lateral
flow urine antigen assay for HIV-associated tuberculosis: rec-
ommendations on the design and reporting of clinical studies.
BMC Infect Dis 2013;13:407

O’Donnell MR, Jarand ], Loveday M, et al. High incidence of
hospital admissions with multidrug-resistant and extensively
drug-resistant tuberculosis among South African health care
workers. Ann Intern Med 2010;153(08):516-522

Adams S, Ehrlich R, Baatjies R, et al. Incidence of occupational
latent tuberculosis infection in South African healthcare work-
ers. Eur Respir ] 2015;45(05):1364-1373

Kruk ME, Schwalbe NR, Aguiar CA. Timing of default from
tuberculosis treatment: a systematic review. Trop Med Int
Health 2008;13(05):703-712

Mac Kenzie WR, Heilig CM, Bozeman L, et al. Geographic differ-
ences in time to culture conversion in liquid media: Tuberculosis
Trials Consortium study 28. Culture conversion is delayed in
Africa. PLoS One 2011;6(04):e18358

Weiner M, Peloquin C, Burman W, et al. Effects of tuberculosis,
race, and human gene SLCO1B1 polymorphisms on rifampin
concentrations. Antimicrob Agents Chemother 2010;54(10):
4192-4200

Chigutsa E, Visser ME, Swart EC, et al. The SLCO1B1 rs4149032
polymorphism is highly prevalent in South Africans and is
associated with reduced rifampin concentrations: dosing impli-
cations. Antimicrob Agents Chemother 2011;55(09):4122-4127
Pasipanodya JG, Gumbo T. A meta-analysis of self-administered
vs directly observed therapy effect on microbiologic failure,
relapse, and acquired drug resistance in tuberculosis patients.
Clin Infect Dis 2013;57(01):21-31

Saukkonen JJ, Cohn DL, Jasmer RM, et al; ATS (American Thoracic
Society) Hepatotoxicity of Antituberculosis Therapy Subcom-
mittee. An official ATS statement: hepatotoxicity of antitubercu-
losis therapy. Am ] Respir Crit Care Med 2006;174(08):935-952
Huang J, Guo ], Li H, Huang W, Zhang T. Efficacy and safety of
adjunctive corticosteroids therapy for patients with severe
community-acquired pneumonia: a systematic review and
meta-analysis. Medicine (Baltimore) 2019;98(13):e14636

Seminars in Respiratory and Critical Care Medicine Vol. 41 No. 4/2020

601

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://www.who.int/tb/publications/global_report/en/
https://www.who.int/tb/publications/global_report/en/
https://www.who.int/tb/publications/2019/consolidated-guidelines-drug-resistant-TB-treatment/en/
https://www.who.int/tb/publications/2019/consolidated-guidelines-drug-resistant-TB-treatment/en/
https://www.who.int/tb/publications/2019/consolidated-guidelines-drug-resistant-TB-treatment/en/
https://www.who.int/tb/publications/2018/WHO_technical_guide_nextgen_sequencing/en/
https://www.who.int/tb/publications/2018/WHO_technical_guide_nextgen_sequencing/en/
https://www.who.int/tb/publications/2018/WHO_technical_guide_nextgen_sequencing/en/

602 Tuberculosis Presenting as CAP  Dheda et al.

90

91

92

93

94

95

96

97

98

99

100

102

103

104

105

106

107

108

Seminars in Respiratory and Critical Care Medicine

Wan YD, Sun TW, Liu ZQ, Zhang SG, Wang LX, Kan QC. Efficacy
and safety of corticosteroids for community-acquired pneumo-
nia: a systematic review and meta-analysis. Chest 2016;149(01):
209-219

Prasad K, Singh MB, Ryan H. Corticosteroids for managing
tuberculous meningitis. Cochrane Database Syst Rev 2016;4:
CD002244

Critchley JA, Young F, Orton L, Garner P. Corticosteroids for
prevention of mortality in people with tuberculosis: a system-
atic review and meta-analysis. Lancet Infect Dis 2013;13(03):
223-237

Mayosi BM, Ntsekhe M, Bosch ], et al; IMPI Trial Investigators.
Prednisolone and Mycobacterium indicus pranii in tuberculous
pericarditis. N Engl ] Med 2014;371(12):1121-1130

Otu A, Hashmi M, Mukhtar AM, et al. The critically ill patient
with tuberculosis in intensive care: Clinical presentations, man-
agement and infection control. ] Crit Care 2018;45:184-196
Torres A, Sibila O, Ferrer M, et al. Effect of corticosteroids on
treatment failure among hospitalized patients with severe com-
munity-acquired pneumonia and high inflammatory response: a
randomized clinical trial. JAMA 2015;313(07):677-686
Peloquin CA, Nitta AT, Burman W], et al. Low antituberculosis
drug concentrations in patients with AIDS. Ann Pharmacother
1996;30(09):919-925

Wilkins JJ, Langdon G, Mcllleron H, Pillai GC, Smith PJ], Simonsson
US. Variability in the population pharmacokinetics of pyrazina-
mide in South African tuberculosis patients. Eur ] Clin Pharmacol
2006;62(09):727-735

Mcllleron H, Wash P, Burger A, Norman ], Folb PI, Smith P.
Determinants of rifampin, isoniazid, pyrazinamide, and eth-
ambutol pharmacokinetics in a cohort of tuberculosis
patients. Antimicrob Agents Chemother 2006;50(04):
1170-1177

Pillai G, Fourie PB, Padayatchi N, et al. Recent bioequivalence
studies on fixed-dose combination anti-tuberculosis drug for-
mulations available on the global market. Int ] Tuberc Lung Dis
1999;3(11, Suppl 3):5309-S316, discussion S317-5321
Peloquin CA. Therapeutic drug monitoring in the treatment of
tuberculosis. Drugs 2002;62(15):2169-2183

Chideya S, Winston CA, Peloquin CA, et al. Isoniazid, rifampin,
ethambutol, and pyrazinamide pharmacokinetics and treatment
outcomes among a predominantly HIV-infected cohort of adults
with tuberculosis from Botswana. Clin Infect Dis 2009;48(12):
1685-1694

Pasipanodya ]G, Srivastava S, Gumbo T. Meta-analysis of clinical
studies supports the pharmacokinetic variability hypothesis for
acquired drug resistance and failure of antituberculosis therapy.
Clin Infect Dis 2012;55(02):169-177

Boucher BA, Wood GC, Swanson JM. Pharmacokinetic changes in
critical illness. Crit Care Clin 2006;22(02):255-271, vi
Koegelenberg CF, Nortje A, Lalla U, et al. The pharmacokinetics of
enteral antituberculosis drugs in patients requiring intensive
care. S Afr Med ] 2013;103(06):394-398

Crampin AC, Mwaungulu JN, Mwaungulu FD, et al. Recurrent TB:
relapse or reinfection? The effect of HIV in a general population
cohort in Malawi. AIDS 2010;24(03):417-426

Miiller M, Wandel S, Colebunders R, Attia S, Furrer H, Egger M;
[eDEA Southern and Central Africa. Immune reconstitution
inflammatory syndrome in patients starting antiretroviral ther-
apy for HIV infection: a systematic review and meta-analysis.
Lancet Infect Dis 2010;10(04):251-261

Meintjes G, Wilkinson RJ, Morroni C, et al. Randomized placebo-
controlled trial of prednisone for paradoxical tuberculosis-asso-
ciated immune reconstitution inflammatory syndrome. AIDS
2010;24(15):2381-2390

Meintjes G, Stek C, Blumenthal L, et al; PredART Trial Team.
Prednisone for the prevention of paradoxical tuberculosis-asso-
ciated IRIS. N Engl ] Med 2018;379(20):1915-1925

Vol. 41 No. 4/2020

109

110

1

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

Dheda K, Gumbo T, Gandhi NR, et al. Global control of tubercu-
losis: from extensively drug-resistant to untreatable tuberculo-
sis. Lancet Respir Med 2014;2(04):321-338

Pietersen E, Ignatius E, Streicher EM, et al. Long-term outcomes
of patients with extensively drug-resistant tuberculosis in
South Africa: a cohort study. Lancet 2014;383(9924):1230-1239
Dheda K, Migliori GB. The global rise of extensively drug-resis-
tant tuberculosis: is the time to bring back sanatoria now
overdue? Lancet 2012;379(9817):773-775

Welte T, Torres A, Nathwani D. Clinical and economic burden of
community-acquired pneumonia among adults in Europe. Tho-
rax 2012;67(01):71-79

Lin CH, Lin CJ, Kuo YW, et al. Tuberculosis mortality: patient
characteristics and causes. BMC Infect Dis 2014;14:5

Allwood BW, Myer L, Bateman ED. A systematic review of the
association between pulmonary tuberculosis and the develop-
ment of chronic airflow obstruction in adults. Respiration 2013;
86(01):76-85

Moodley L, Pillay ], Dheda K. Aspergilloma and the surgeon. ]
Thorac Dis 2014;6(03):202-209

Van Der Meeren O, Hatherill M, Nduba V, et al. Phase 2b
controlled trial of M72/AS01¢ vaccine to prevent tuberculosis.
N Engl ] Med 2018;379(17):1621-1634

Roy A, Eisenhut M, Harris R], et al. Effect of BCG vaccination
against Mycobacterium tuberculosis infection in children: sys-
tematic review and meta-analysis. BM] 2014;349:g4643

da Costa C, Walker B, Bonavia A. Tuberculosis vaccines-state of
the art, and novel approaches to vaccine development. Int ] Infect
Dis 2015;32:5-12

Blok BA, Arts R], van Crevel R, Benn CS, Netea MG. Trained innate
immunity as underlying mechanism for the long-term, nonspe-
cific effects of vaccines. ] Leukoc Biol 2015;98(03):347-356
Getahun H, Matteelli A, Abubakar I, et al. Management of latent
Mycobacterium tuberculosis infection: WHO guidelines for low
tuberculosis burden countries. Eur Respir ] 2015;46(06):1563-1576
Churchyard GJ, Swindells S. Controlling latent TB tuberculosis
infection in high-burden countries: a neglected strategy to end
TB. PLoS Med 2019;16(04):e1002787

Latent TB. Infection: updated and consolidated guidelines for
programmatic management. 2018. Available at: https://www.
who.int/tb/publications/latent-tuberculosis-infection/en/.
Accessed April 7, 2020

Broger T, Sossen B, du Toit E, et al. Novel lipoarabinomannan
point-of-care tuberculosis test for people with HIV: a diagnostic
accuracy study. Lancet Infect Dis 2019;19(08):852-861

Prout S, Potgieter PD, Forder AA, Moodie JW, Matthews J. Acute
community-acquired pneumonias. S Afr Med ] 1983;64(12):
443-446

Song JH, Oh WS, Kang CI, et al; Asian Network for Surveillance of
Resistant Pathogens Study Group. Epidemiology and clinical
outcomes of community-acquired pneumonia in adult patients
in Asian countries: a prospective study by the Asian network for
surveillance of resistant pathogens. Int ] Antimicrob Agents
2008;31(02):107-114

Ishida T, Hashimoto T, Arita M, Tojo Y, Tachibana H, Jinnai M. A 3-
year prospective study of a urinary antigen-detection test for
Streptococcus pneumoniae in community-acquired pneumonia:
utility and clinical impact on the reported etiology. J Infect
Chemother 2004;10(06):359-363

Ishida T, Hashimoto T, Arita M, Ito I, Osawa M. Etiology of
community-acquired pneumonia in hospitalized patients: a 3-
year prospective study in Japan. Chest 1998;114(06):1588-1593
Loh LC, Khoo SK, Quah SY, et al. Adult community-acquired
pneumonia in Malaysia: prediction of mortality from severity
assessment on admission. Respirology 2004;9(03):379-386
Hooi LN, Looi I, Ng AJ. A study on community acquired pneumo-
nia in adults requiring hospital admission in Penang. Med ]
Malaysia 2001;56(03):275-284

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.


https://www.who.int/tb/publications/latent-tuberculosis-infection/en/
https://www.who.int/tb/publications/latent-tuberculosis-infection/en/

130 Oberoi AAA. Bacteriological profile, serology and antibiotic
sensitivity pattern of microorganisms from community acquired
pneumonia. KJ Sci 2006;8:79-82

131 Lauderdale TL, Chang FY, Ben RJ, et al. Etiology of community
acquired pneumonia among adult patients requiring hospitali-
zation in Taiwan. Respir Med 2005;99(09):1079-1086

Tuberculosis Presenting as CAP  Dheda et al.

132 Yen MY, Hu BS, Chen YS, et al. A prospective etiologic study of
community-acquired pneumonia in Taiwan. ] Formos Med Assoc
2005;104(10):724-730

133 Hui KP, Chin NK, Chow K, et al. Prospective study of the aetiology of
adult community acquired bacterial pneumonia needing hospital-
isation in Singapore. Singapore Med ] 1993;34(04):329-334

Seminars in Respiratory and Critical Care Medicine Vol. 41 No. 4/2020

603

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.





