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The Natural History of TB and Latent
Infection

Check for
updates

Pranabashis Haldar

The Natural History of M.tuberculosis Infection

The Pathogen

Mtb is one member of a closely related group of organisms that comprise the
Mycobacterium tuberculosis complex (MTBC). Other members of this complex
include M.bovis, M.africanum and M.microti and are pathogenic to humans.
Although clinical disease arising from these infections is well recognised and often
similar in presentation to disease caused by Mtb, the latter is by the far the most
dominant contributor to the global burden of TB.

Mtb is an obligate aerobic organism with some unusual properties. It has a char-
acteristic lipid laden cell wall that has likely evolved to resist desiccation in air. The
biochemical properties of the cell wall have some important clinical consequences
that include resistance to gram staining, necessitating special laboratory staining
methods for examination, and a greater resistance to antibiotic penetration. Mtb is a
slow growing organism, with a doubling time in vitro of approximately 15 h. This
prolongs the time to culture detection from clinical samples (typically take
2-4 weeks), presenting a significant limitation to rapid diagnosis. Furthermore,
extended courses of bactericidal antibiotics, reliant on active bacterial replication
are required for effective treatment.
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Fig. 1 The Mtb infection cycle and recognised stages of human infection

The Mtb Infection Cycle

Figure 1 summarises the key stages of the Mtb infection cycle, together with the
clinical correlates that associate with the different phases of infection.

Transmission

Mtb is reliant on human infection to propagate. The cycle of infection shares char-
acteristics with both major categories of infectious diseases—the more contempo-
rary crowd diseases that are usually highly virulent and dependent on high population
density to maximise transmission; and the older human infections that were adapted
to exist in conditions of low population density by maintaining a state of chronic
infection within the host, often associated with a period of latency followed by reac-
tivation, to improve chances of capturing sporadic opportunities for transmission
[1]. The dual properties of Mtb reflect its adaptation to the history of humans over
millennia, presenting complex challenges to develop effective strategies for
eradication.

In common with most crowd diseases, Mtb is transmitted in aerosol and has
flourished as population levels and density have risen across the globe. Evidence
supports the view that transmissible aerosol droplets need to be sufficiently small
(<5 microns) to be effectively deposited in the lower airways for infection to occur.
Larger droplets are trapped in the upper airways and do not contribute to
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transmission. It is widely believed that most transmissible aerosols are generated by
forced expiratory manoeuvres, typically coughing and sneezing, although some evi-
dence is now emerging to suggest that infectious TB patients may also generate
aerosol droplets containing Mtb during normal expiration. One implication of the
small droplet size needed for infection is that the Mtb infection dose (the number of
organisms required to cause infection) is very low [2]. In this respect, the infection
risk presented by an individual with pulmonary TB is determined by their propen-
sity to generate infectious aerosol [3]. Although we recognise advanced, cavitatory
pulmonary TB, with high bacillary burden in sputum to be most indicative of infec-
tious TB, this neglects the potential transmission risk associated with milder forms
of disease. Early studies reported a dissociation of aerosol generation and bacillary
burden in sputum, such that people with more advanced disease, thick tenacious
sputum and ineffective cough were less infectious than ambulatory patients with
less viscous sputum. Recent studies support the view that cough associates more
closely with risk of transmission than sputum bacillary burden, despite the latter
being a commonly used surrogate measure in clinical practice.

Infection is acquired by susceptible individuals inhaling infectious aerosol that
deposits in the terminal airways. In addition to the size of aerosol droplets already
described, environmental factors that include close proximity, prolonged duration
of exposure and poor surrounding ventilation all promote the likelihood of success-
ful aerosol transmission. The Wells-Riley equation is a frequently used mathemati-
cal model that incorporates each of these parameters to quantify transmission risk in
outbreak settings and inform infection control policy.

It is notable that while the Wells-Riley equation can provide an objective guide
to dose-dependent transmission risk, many cases of infection may be attributable to
very minor periods of exposure—an observation that can now be scientifically veri-
fied by whole genome sequencing of the organism between linked cases. This pat-
tern supports the view that a proportion of transmission events will occur
stochastically, although little more is presently understood about this phenomenon.

Primary Mtb Infection and Primary TB

An understanding of the early events that occur after Mtb enters the lung are impor-
tant as there is increasing evidence to suggest that the early interactions of the
pathogen with the host immune response have a critical bearing on the fate of the
infection [4]. Moreover, an awareness of these processes can aid interpretation of
the clinical phenotype of infection with which a patient presents. The early events
of Mtb infection are incompletely understood and necessarily derived from a range
of different animal infection models. The accepted paradigm is of rapid intracellular
habitation of Mtb by infection of resident lung macrophages [5]. This process trig-
gers activation of additional macrophages and other effector cells of the innate
immune response, notably neutrophils, to the site of infection. The early activation
of macrophages is a hallmark of the innate lung immune response with
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pro-inflammatory signalling driving incremental recruitment of both macrophages
and neutrophils to the site of infection, promoting phagocytosis of dead cells and
driving the formation of primary granulomas. The pro-inflammatory response at
this very early stage of infection may be sufficiently robust to induce pulmonary and
systemic manifestations that include a transient flu-like illness, erythema nodosum
and patchy infiltrates on a chest radiograph. It is likely that a proportion of early
infections are effectively cleared at this stage and before an adaptive response is
mounted. Recent studies have reported differences in the innate immune responses
of recent household contacts of pulmonary TB, depending on whether an adaptive
immune response, measured by T-cell reactivity to Mtb antigens, has occurred [6].
Such differences could help inform the constituents of an effective innate immune
response to guide prospective vaccine development. In this respect, evidence sup-
ports a role for BCG vaccination in enhancing innate immune memory to clear Mtb
infection [7].

However, the innate immune response to Mtb is in many ways a double-edged
sword as Mtb is well adapted to intracellular survival within macrophages and more
recent studies suggest that recruitment of macrophages is harnessed and exploited
by early virulence factors expressed by the pathogen to promote persistence, repli-
cation and provide a vehicle for blood-borne dissemination. Moreover, over exuber-
ant neutrophil activation and influx to the site of infection has been associated with
adversely altering the cross-regulatory network of cytokine expression to impair
effective adaptive immunity, promoting tissue damage and softening of granuloma
structure that favours disseminated infection, culminating in a higher risk of disease
progression.

Alongside the innate immune processes described above, local dendritic cells
providing lung immune surveillance are rapidly activated by pathogen signals to
internalise the organism and transport it to the local draining lymph node, where
antigen presentation to naive T-cells initiates their priming and activation [8]. One
implication of this process is the facilitation of Mtb translocation to the local lymph
nodes by immune cells. Both animal studies and autopsy studies in humans indicate
that Mtb lymph node infection characterised by nodal enlargement and granuloma
formation ensues as a consequence [9]. Indeed, utilisation of the immune system by
Mtb for its growth and dissemination is a common underlying theme in the patho-
genesis of disease. Antigen specific effector T-cells then migrate from the lymph
node, in blood, to the site of infection and have a primary role in orchestrating the
adaptive immune response to Mtb infection. Studies consistently indicate a rapid
decline in bacterial growth after antigen specific T-cells appear, supporting their
critical importance in limiting Mtb infection. It is estimated that the time-course of
events leading to the development of circulating antigen specific T-cells after Mtb
infection in humans is approximately 4—6 weeks. This delay is unusually prolonged
and suggests that the pathogen has developed processes to delay the onset of adap-
tive immunity long enough to establish infection.

Primary infection refers to the pathological events described above and com-
prises several clinical phenotypes that are summarised in (Table 1).
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Table 1 Clinical phenotypes of primary Mtb infection

Clinical phenotype

Underpinning pathological
correlates

Comments

Asymptomatic infection

Infection identified by
radiological features
Ghon focus: Calcified
granulomas in lung
parenchyma

Ghon complex:
Accompanying
mediastinal and hilar
lymph node enlargement
and calcification

Granulomas formed by
innate and adaptive
immune responses.
Calcification indicates
granuloma sclerosis and
suggests no ongoing active
infection

Usually associated with measurable
T-cell reactivity in blood

Infection may be controlled or cleared
in this state. No tests presently
discriminate between these two states

Inflammatory response syndromes

Transient flu-like illness
Fever, myalgia and
arthralgia that may be
associated with lung
infiltrates

Manifestation of a systemic
inflammatory response
during primary Mtb
infection

Symptoms are often short-lived and
most often either ignored or diagnosed
as a viral illness

Erythema nodosum

Non-specific cutaneous
hypersensitivity reaction as
a manifestation of systemic
inflammation

Symptoms are usually self-limiting
but should trigger consideration of
primary TB as a cause. This is more
likely if presenting in children, in a
high TB incidence setting

Phlyctenular
keratoconjunctivitis

Non-specific nodular
inflammation of the cornea
and conjunctiva arising as a
hypersensitivity response
of systemic inflammation

Occurrence is rare but almost always
in children. Primary TB should be
considered more likely in a high TB
incidence setting

Bacteriological disease

Primary TB This refers to a state of This form of disease is most
ongoing bacterial commonly seen in children. Typical
replication progressing to | chest radiographic features include
symptomatic disease, after | significantly enlarged hilar or
establishment of adaptive | mediastinal lymph nodes
immunity Areas of necrosis may be evident on a
CT scan, indicating active
inflammation
Lobar consolidation when present is
more often observed in the lower lobes
Miliary TB Uncontrolled disseminated | Most often seen in the context of

Mtb infection arising from
a failure of innate and
adaptive immune processes
to control and contain
primary infection

immunodeficiency—usually very
young children and people with
HIV. Prior BCG vaccination appears
to have a significant protective effect
in young children to prevent miliary
disease
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Latent Infection and Post-primary TB

For the majority of Mtb infection events, adaptive immunity is quickly established
to effectively contain the pathogen. Active bacterial replication ceases and the
infected individual remains completely asymptomatic. This state is referred to as
latent TB infection (LTBI), implying that the infection continues to exist but is
undetectable or ‘hidden’. In the absence of detectable bacteria, LTBI is inferred by
tests that reveal T-cell reactivity to Mtb antigens. In clinical practice, two groups of
tests are available to measure T-cell reactivity: (1) the tuberculin skin test (TST);
and (2) the interferon gamma release assays (IGRAs). A comparative summary of
these is provided here (Table 2), with a more detailed account provided in a later
chapter.

Modelling studies estimate approximately one-quarter of the global population
(1.7 billion people) has LTBI [10]. This is indicative of the extraordinary reach of
Mtb across the world, in keeping with the organism’s historical relationship with
human migration.

That Mtb infection persists and has not been cleared is revealed in a proportion
of people with LTBI that subsequently progress to active TB. Early prospective
studies carried out in cohorts of recent TB contacts with a positive TST revealed the
occurrence of TB in approximately 10%, following a variable period of latent infec-
tion. TB occurring following a period of latent infection is nominally referred to as
either post-primary or secondary TB and is estimated to account for over 90% of all
incident disease. It therefore follows that LTBI represents an important reservoir of
future disease.

Prospective studies further indicate the risk of developing TB to be greatest in the
first 2 years after acquiring the infection, with recent evidence suggesting 80% of
cases arise in this period [11]. On this basis, LTBI is risk stratified and loosely cat-
egorised as either recent (identified within 2 years of TB exposure) or remote
infection.

Conceptually, recent infection refers to a period when a dynamic and unstable
equilibrium exists between the pathogen and host immune response, with an out-
come to this ‘conflict’ usually determined within the 2-year timeframe. It suggests
that most cases of post-primary TB are not strictly reactivation events, but rather
variably progressive infection. Although most often associated with recently
acquired infection, the idea of a distinct phenotype of latent infection that is biologi-
cally active and associated with a significantly increased risk of disease progression
is gaining broad acceptance and is referred to as incipient TB [12].

Remote infection indicates a conflict outcome in favour of the host. However, it
remains unclear whether the infection has been cleared or effectively suppressed.
This is an important distinction as cleared infection carries no risk of future TB,
unless further infection occurs. In contrast, suppressed infection carries a future risk
of becoming reactivated. There is little known about the absolute risk associated
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Table 2 Comparison of clinical assays for measuring T-cell reactivity to Mtb

Tuberculin skin test (TST)

Interferon gamma release assays (IGRA)

Description of test

Intradermal injection of a standardised
volume® of Purified protein derivative
(PPD)—a sterile protein extract derived
from the filtrate of Mtb cultures. This
induces a cell mediated delayed type
hypersensitivity response at the injection
site in individuals with exiting antigen
specific T-cells

Results of testing are based on the size
of the inflammatory response (diameter
of skin induration) measured after
48-72h

A standardised preparation of peripheral blood
mononuclear cells derived from collected whole
blood is incubated with two Mtb antigens: CFP-10
and ESAT-6
The specific interferon gamma (IFNy) response
generated from this is measured using an ELISA
Two commercial assays exist
1. QuantiFERON-TB (QFT) by QIAGEN Inc.
2. T.SPOT-TB by Oxford Immunotech Ltd.
Results of testing are based on the amount (QFT) or
number of cells (T-SPOT) producing IFNy

Immunological specificity

Induration represents a T-cell response to
both specific and non-specific antigenic
proteins within PPD

Improved specificity is achieved by choice of
antigens for assays. Both CFP-10 and ESAT-6
expression is limited to mycobacterial species of the
MTBC and a very limited number of NTMs®

There is cross-reactivity with prior
exposure to both Mtb and non-
tuberculous mycobacteria (NTMs), most
importantly prior BCG vaccination

Importantly, there is no cross-reactivity with prior
BCG vaccination

Size of the induration provides a guide to
the intensity of the response and
improves specificity for both Mtb
infection and the state of infection
(stable vs. active infection)

Raising the threshold for a positive
response lowers sensitivity for detecting
underlying Mtb infection

Results are routinely provided as positive and
negative, depending upon whether a threshold IFNy
response has been reached. An ‘Indeterminate’ result
with QFT indicates the test is uninterpretable due to
control wells not meeting eligibility criteria. For
T-SPOT, a ‘Borderline’ result is given when the
number of spot forming cells lies within a range
between a clear positive or negative result

Although the magnitude of the measured IFNy
response cannot distinguish between TB and LTBI,
there is some emerging evidence that it may be useful
for stratifying TB risk in LTBI

Implementation in practice

No requirement for laboratory facilities
The test can be conducted in a field
environment

Methodology requires availability of specific
laboratory tools and trained personnel

Low-cost and globally licenced

Higher cost and restricted licencing

The conduct of the test and measurement
of induration are operator dependent,
with between operator variability
reported

Blood sampling is largely operator independent with
objective and repeatable assay results

Requires two visits to the examining
facility by the individual being tested

Results of testing can be made with the tested
individual attending on one occasion only

(continued)
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Table 2 (continued)

Tuberculin skin test (TST) Interferon gamma release assays (IGRA)

Test results area available within 72 h Test results are theoretically available within 36 h,
although will be limited by the speed of laboratory
reporting pathways

In vivo assay—repeated or serial testing | Ex vivo assay—serial testing will be unbiased
may induce a boosted response

2UK standard of RT23 is 2TU and 0.1 ml
M. kansasii, M.szulgai, M.marinum and M.gordonae also express CFP-10 and ESAT-6 and may
give cross-reactivity with IGRAs

with remote infection or the factors that may precipitate reactivation TB in healthy
immunocompetent individuals. However, significant TB risk is recognised in
cohorts with cell-mediated immune deficiency, most notably with HIV co-infection
and in those receiving biological treatment with TNFa blocking agents (Table 3).
Studies in HIV cohorts with LTBI report an annual TB risk of 8—10%. While this
figure does not take into account the proportion with recent infection, the markedly
increased TB rate in HIV populations indicates the relevance of remote infection to
the global burden of TB. One final noteworthy caveat is the suggestion that remote
LTBI may confer some protection from future TB. This possibility has been raised
in studies that have shown a significantly lower TB incidence and disease severity
among young adults with prior LTBI, compared with those that were infection naive
[13]. The postulation here is that remote LTBI may provide low grade and persistent
immune stimulation to enhance responses to further Mtb exposure.

The Epidemiological Cycle of TB

The first part of this chapter has looked at the natural history of a human Mtb infec-
tion and defined the different infection states that may be observed. At population
level, the cycle of infection informs key break points at which interventions may
effectively interrupt disease propagation (Fig. 2). The WHO End TB Strategy (2015)
sets the target of a 90% reduction in global TB incidence by 2035 [14]. To achieve
this will principally require highly effective intervention against the two major
states of human Mtb infection (Fig. 2):

1. Active pulmonary TB: Early diagnosis and effective treatment of infectious TB
to limit onward infection transmission.

2. LTBI: Screening to identify and provide targeted treatment in LTBI groups, at
risk of progressing to active TB.
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Table 3 Common factors associated with LTBI progression to active TB

TB progression risk
factor

Comments

Strong risk (relative risk of TB > 5, with good supporting evidence)

Recently acquired
Mtb infection <2 years

Infants and young
children <5 years

TB progression is frequently associated with disseminated disease.
Prior BCG vaccination has a significant protective effect for both
progression and dissemination

HIV positive Risk increases with immunosuppression (falling CD4+ T-cell number in
peripheral blood)

TNFa receptor Studies suggest more potent newer biologics carry a significantly higher

blockade risk for TB progression

Silicosis Confined to areas of the world with an ongoing mining industry. An

important risk factor among south African gold miners

Low to moderate risk (relative risk of TB estimated 2—-4)

Evidence of
previously healed but
untreated active TB

Self-healed TB indicates success of immune processes in overcoming
progressive infection. A significant proportion of this group will be
maintaining a state of incipient infection

Malnutrition and low
BMI (<18 kg/m?)

Diabetes mellitus

Diabetes is associated with impairment in both innate and adaptive
immune function. Although relative risk with diabetes is modest, the
vast population with co-existing LTBI and diabetes poses a significant
threat for future TB

End stage renal failure
(stage 5 CKD)

A sharp rise in TB risk is seen in chronic kidney disease at the time of
requiring dialysis

Excess alcohol
consumption

Smoking and
inhalation of biomass
fuels

Maintenance
treatment with oral
corticosteroids
(>15 mg/day)

Other risk factors (relative risk uncertain, but likely to be significant)

Older age (>60 years) | Increasing age is associated with a higher rate of TB reactivation among
people with remote LTBI that may reflect age-related immune
senescence

Male gender An association with TB progression appears to exist that is independent

of the higher presumed Mtb exposure risk of greater gender related
social mixing in males

(continued)
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Table 3 (continued)

TB progression risk

factor Comments
Inhaled recreational Smoking of cannabis, cocaine and heroin have been associated with TB
drug use outbreaks in low TB incidence settings

Shisha smoking has been reported to cause outbreaks in some higher
TB incidence settings, where the practice is more common

Inhaled substances of misuse increase both Mtb transmission within
drug sharing groups and may increase the likelihood of disease
progression in those acquiring the infection by drug induced
impairment of effective lung defences

Prolonged exposure There is some data to support the view that higher Mtb dose exposure
(>5 h per day for associates with increased risk of progressive infection

>2 weeks) to highly
infectious TB

Poor ventilation and
overcrowding

Long term residence in
detention or prison
facilities (>6 months)

Migrant from high TB | TB in migrants comprises a large proportion of the incident cases in
incidence country low incidence, high income Western countries. Over half of such cases
occur within 5 years of arrival suggesting reactivation of LTBI remotely
acquired from their country of origin. However, it is not clear whether
progression risk is actually increased, compared with comparable
cohorts resident in the country of origin

Health care workers Repeated occupational exposure to Mtb increases risk of disease.
However, it is not clear whether progression risk in health workers with
LTBI is actually increased

Of these two strategic objectives, the early treatment of active TB must be priori-
tised as it is of immediate relevance to lowering present TB related morbidity and
mortality. Furthermore, preventative strategies aimed at LTBI are futile in settings
with a high TB burden, where a high lifetime risk of Mtb reinfection exists, unless
complementary strategies that prevent reinfection are developed and implemented
in parallel. This is a key focus of the developmental pipeline for new vaccines and
as discussed earlier, could also include a role for BCG revaccination. In the absence
of an effective strategy to prevent Mtb reinfection, the WHO presently recommends
LTBI screening as an integral component of the TB control strategy for countries
with a TB incidence of less than 100 cases per 100,000 population. In practice,
systematic LTBI screening programmes are delivered predominantly in high
income, low TB incidence countries of the Western world that have sufficient
resources available to deliver such programmes. One consequence of the increased
efforts invested toward the WHO strategic objectives has been the growing recogni-
tion of additional phenotypes of Mtb infection that challenge the accepted paradigm
of the Mtb infection cycle. These are discussed further in the next section.
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EARLY DIAGNOSIS ACTIVE CASE
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Fig. 2 Epidemiological cycle of TB and potential breakpoints for control. Shaded callout boxes
represent strategies that are currently in use and encompass the strategic pillars for TB control
advocated by the WHO End-TB strategy. Unshaded callout boxes are aspirational targets that are
presently the focus of intensive research

Early Diagnosis of Infectious TB and Outcomes of Active
Case Finding

Active case finding (ACF) refers to a systematic programme of investigation to
identify cases of TB before they present to healthcare. Studies that have evaluated
the outcome of ACF programmes consistently report identification of early active
TB, both in household contacts and more generally in the absence of a history of
recent contact in areas of high TB incidence. Strikingly, disease is frequently identi-
fied in the absence of clinical symptoms and may be associated with positive Mtb
culture from respiratory tract sampling [15]. This state of Mtb infection is termed
subclinical disease and is characterised by few or no symptoms [16]. Where symp-
toms exist, they are relatively non-specific and insufficient to raise a concern of TB
in either the affected individual or a clinician. Chest radiographic abnormalities are
often absent, although more high sensitivity imaging with CT, and more recently
combined positron emission tomography with CT (PET-CT) reveal subtle abnor-
malities, including early ‘tree-in-bud’ change that is a feature of terminal bronchi-
olitis, active nodules and metabolically active parenchymal granulomas and
intra-thoracic lymph nodes, in the absence of significant nodal enlargement [17]. In
the evolving framework of Mtb infection, subclinical TB represents a phenotype of
transition from incipient TB to active TB.

The observation that this very early stage of disease is associated with microbio-
logically detectable infection suggests that unrecognised transmission may be a sig-
nificant contributor to the persistence of Mtb within the population. This presents a
significant challenge to disease control, both in respect of identifying prevalent TB
and having diagnostic tools that are fit for this purpose. Currently, the diagnosis of
pulmonary TB relies on the detection of Mtb from samples of the respiratory tract,
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notably sputum. However, individuals with subclinical disease may not be able to
expectorate sputum and new diagnostic tools that are not reliant on sputum are
needed. In addition to this, effective strategies are needed to provide targeted testing
of groups or whole communities at high risk of TB.

LTBI Screening and TB Prevention

Modelling studies indicate mass LTBI screening and treatment has the largest
impact on future TB incidence and necessarily requires adoption to approach the
targets of the WHO End-TB strategy. Critical to the successful implementation of
this approach is the availability of reliable screening tools to identify the subset of
the global LTBI population at sufficient future risk of TB to warrant preventative
treatment [18].

LTBI is presently defined by evidence of T-cell reactivity to Mtb antigens, in the
absence of any clinical, radiological or microbiological features of active
TB. However, this definition is too broad to be meaningful in practice and fails to
discriminate between the multiple phenotypes of infection that have been described
here. The optimisation of screening will require biomarkers that empirically distin-
guish between three asymptomatic states, which correspond to these phenotypes
of LTBI:

1. Cleared state: The absence of viable or potentially viable Mtb infection.

2. Stable state: Persistent latent Mtb infection that exhibits no significant biological
activity and is well controlled by a competent immune system

3. Active state: Biologically active infection that is under containment (incipient
TB) or is no longer contained (subclinical TB)

An example of how knowledge of these states could enhance the efficiency and
effectiveness of screening is provided in a comparison with current screening prac-
tice (Fig. 3).

Summary

This chapter has reviewed our present understanding of the complex natural history
of human Mtb infection and the challenges thereof to develop effective interven-
tions for control.

With advances in scientific methodology, sophisticated animal models of infec-
tion and the availability of highly sensitive diagnostic tools, the recognised spec-
trum of infective states has grown, with a growing appreciation that infection likely
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m Treat for active TB and Perform contact screening
Screen for active TB, offer chemoprevention

™ Targeted treatment for immuno compromised groups

O NoLTBI O LTBI M Active TB (with symptoms) = No treatment required

Fig. 3 Phenotypes of LTBI and their relevance to enhanced programmatic screening. The figure
provides a representative breakdown of the different phenotypes of Mtb infection and their approx-
imate proportion. The impact of improved characterisation of Mtb infection phenotype on screen-
ing practice is clear. A significantly smaller proportion of the population with T-cell reactivity and
no symptoms (present day LTBI) would require preventative therapy and better screening tools
would also improve identification of more previously unrecognised active TB, in the form of sub-
clinical disease. Current screening is limited to high risk populations due to the numbers that
would require treatment and investigation. An enhanced model could enable large scale screening,
with better targeted treatment

exists on a continuum, determined by the dynamic relationship of the pathogen to
its host.

Specifically, phenotypic distinction of the different states of latent infection pro-
vides a framework for the targeted development of discriminatory biomarkers that
will improve our capacity to provide effective strategies for future disease prevention.

Key Learning Points

* The infection cycle of Mtb in humans is complex and associated with several
possible outcomes that are determined by host innate and adaptive immune
responses. In broad terms, immune mechanisms designed to combat infection
are frequently exploited by the pathogen to promote its survival.

* Human Mtb infection has traditionally been categorised as latent TB infection
(LTBI) or active TB, on the basis of whether T-cell reactivity is associated with
clinical, microbiological or radiological features of disease exist.

*  We recognise the current definition of LTBI comprises multiple underlying clini-
cal relevant infection phenotypes that are determined by the nature of the interac-
tion between the pathogen and host immune response.

e There is increasingly a move toward developing biomarkers that stratify LTBI
into low risk, stable infection, high risk incipient infection and subclinical
active TB.



14 P. Haldar
References
1. Comas I, Coscolla M, Luo T, Borrell S, Holt KE, Kato-Maeda M, et al. Out-of-Africa migra-

10.

11.

13.

14.

15.

16.

17.

18.

tion and Neolithic coexpansion of Mycobacterium tuberculosis with modern humans. Nat
Genet. 2013;45(10):1176-82.

. Donald PR, Diacon AH, Lange C, Demers AM, von Groote-Bidlingmaier F, Nardell

E. Droplets, dust and guinea pigs: an historical review of tuberculosis transmission research,
1878-1940. Int J Tuberc Lung Dis. 2018;22(9):972-82.

. Churchyard G, Kim P, Shah NS, Rustomjee R, Gandhi N, Mathema B, et al. What we know

about tuberculosis transmission: an overview. J Infect Dis. 2017;216(suppl_6):S629-S35.

. Cadena AM, Flynn JL, Fortune SM. The importance of first impressions: early events in

Mpycobacterium tuberculosis infection influence outcome. MBio. 2016;7(2):e00342—16.

. Davis JM, Ramakrishnan L. The role of the granuloma in expansion and dissemination of early

tuberculous infection. Cell. 2009;136(1):37-49.

. Verrall AJ, Schneider M, Alisjahbana B, Apriani L, van Laarhoven A, Koeken V, et al.

Early clearance of Mycobacterium tuberculosis is associated with increased innate immune
responses. J Infect Dis. 2019;221(8):1342-50.

. Soysal A, Millington KA, Bakir M, Dosanjh D, Aslan Y, Deeks JJ, et al. Effect of BCG vac-

cination on risk of Mycobacterium tuberculosis infection in children with household tubercu-
losis contact: a prospective community-based study. Lancet. 2005;366(9495):1443-51.

. Cooper AM. Cell-mediated immune responses in tuberculosis. Annu Rev Immunol.

2009;27:393-422.

. LinPL,Pawar S, Myers A, Pegu A, Fuhrman C, Reinhart TA, et al. Early events in Mycobacterium

tuberculosis infection in cynomolgus macaques. Infect Immun. 2006;74(7):3790-803.
Houben RM, Dodd PJ. The global burden of latent tuberculosis infection: a re-estimation using
mathematical modelling. PLoS Med. 2016;13(10):e1002152.

Behr MA, Edelstein PH, Ramakrishnan L. Revisiting the timetable of tuberculosis.
BMJ. 2018;362:k2738.

. Cobelens F, Kik S, Esmail H, Cirillo DM, Lienhardt C, Matteelli A. From latent to patent:

rethinking prediction of tuberculosis. Lancet Respir Med. 2017;5(4):243—4.

Heimbeck J. Incidence of tuberculosis in young adult women, with special reference to
employment. Br J Tuberc. 1938;32(3):154-66.

World Health Organization. Global tuberculosis report. Geneva: World Health
Organization; 2018.

Dowdy DW, Basu S, Andrews JR. Is passive diagnosis enough? The impact of subclinical dis-
ease on diagnostic strategies for tuberculosis. Am J Respir Crit Care Med. 2013;187(5):543-51.
Drain PK, Bajema KL, Dowdy D, Dheda K, Naidoo K, Schumacher SG, et al. Incipient and
subclinical tuberculosis: a clinical review of early stages and progression of infection. Clin
Microbiol Rev. 2018;31(4):e00021-18.

Esmail H, Lai RP, Lesosky M, Wilkinson KA, Graham CM, Coussens AK, et al. Characterization
of progressive HIV-associated tuberculosis using 2-deoxy-2-[(18)F]fluoro-D-glucose positron
emission and computed tomography. Nat Med. 2016;22(10):1090-3.

Esmail H, Barry CE 3rd, Young DB, Wilkinson RJ. The ongoing challenge of latent tuberculo-
sis. Philos Trans R Soc Lond Ser B Biol Sci. 2014;369(1645):20130437.



Bacillus Calmette-Guérin (BCG) Vaccine @)

Elizabeth Whittaker and Surinder K. Tamne

History of BCG Vaccine

BCG is the collective term applied to a family of live, attenuated vaccines derived
from the passage of Mycobacterium bovis by Albert Calmette and Camille Guérin.
In 1900, they started work on developing an anti-tuberculosis (TB) vaccine at the
Pasteur Institute in Lille. They began with cultivating a bovine strain of tubercle
bacilli on a glycerin and potato medium but found it difficult to produce a homoge-
neous suspension of the bacilli. In an attempt to stop the tendency of the bacilli to
cluster they added ox bile to the medium and noted that subculture led to a lowering
of the virulence of the organism. Over a period of 13 years they went on to produce
increasingly less virulent subcultures of the bovine strain of the tubercle bacillus.
By 1921 they believed the bacillus they had produced was harmless to humans how-
ever retained its ability to stimulate antibody formation; the BCG vaccine was born.
The BCG vaccine was first used in 1922 to vaccinate a newborn infant whose
mother’s death in childbirth was attributed to TB, and whose primary caregiver was
a grandmother also infected with TB. The infant was followed up for 6 months and
as she remained well this new method of vaccination was extended to all newborn
infants at the Charite hospital of Paris. BCG vaccine was initially given orally how-
ever the intradermal route was introduced in 1927 because of better induction of
delayed type hypersensitivity (DTH) response to the tuberculin skin test [1].
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By 1928, 114,000 infants were vaccinated without serious complications [2].
The vaccine was largely used in Europe during the 1920s until a serious incident
occurred in Liibeck, Germany in 1929, where due to laboratory error, a BCG vac-
cine batch accidentally contaminated with the distinct virulent human strain caused
72 deaths among 251 vaccinated children, creating a negative impact on BCG vac-
cination. Although the BCG vaccine itself was eventually exonerated as the cause of
the Liibeck disaster, confidence in the vaccine had been undermined and its use
declined for several years afterwards.

Further evidence for the effectiveness of BCG in the prevention of tuberculosis were
later accumulated, though it was not until the 1930s when the first formal trial of BCG
vaccination was carried out, in Native Americans [3]. By the 1940s, BCG vaccination,
administered percutaneously or intradermally, had been shown to be efficacious in sev-
eral studies [3-5]. In the 1950s, two major trials were started in the UK and the USA,
by the Medical Research Council (MRC) and the United States Public Health Service
[6, 7]. The results of these trials differed, with the study in the UK showing that BCG
vaccination (Dutch strain) was highly efficacious against tuberculosis, whereas the US
study (Tice strain) concluded that it provided very little protection. Based on this, the
UK implemented a policy of universal vaccination of all school-age children who were
tuberculin skin test negative; the US based on their findings decided not to use BCG
vaccination routinely other than for select high-risk populations.

Following the lead of Europe and the WHO, the use of BCG vaccination increased
globally as the majority of countries introduced routine BCG according to various
schedules; at birth, school entry and leaving school.

Subsequent strains have undergone further development through repeated sub-
culturing in many laboratories around the world. These strains are not bacteriologi-
cally identical, due to the biological variability of the strains, with different genotypic
and phenotypic characteristics. As a result, depending on the strain, they have differ-
ent viability, immunogenicity, reactogenicity, and residual virulence. The Pasteur
strain of BCG serves as the reference strain of the vaccine, and its complete genome
sequence has been determined [6]. Currently, the main sub-strains used for vaccine
production are Brazilian (Moreau/Rio de Janeiro), Danish (Copenhagen—1331),
Japanese (Tokyo—172-1), Russian (Moscow—368) and Bulgarian (Sofia—SL222).
In terms of efficacy, no BCG strain is demonstrably better than another, and there is
no global consensus as to which strain of BCG is optimal for general use [8]. However,
there are significant differences in the immune responses induced by BCG vaccine
strains in newborn infants, with BCG-Denmark and Japan having greater Th1 and
polyfunctional T cell responses that BCG-Russia [9, 10].

Efficacy of the BCG Vaccine

The protective efficacy of a vaccine is measured in terms of the reduction of the risk
of infection or disease in vaccinated individuals when compared with similarly
exposed unvaccinated individuals. Regardless of the debate regarding its role in
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tuberculosis control globally, BCG vaccination is widely used, with over 100 mil-
lion doses given annually. Randomised controlled trials (RCTs) and case—control
studies have shown consistently high efficacy of infant vaccination in preventing
severe forms of primary tuberculosis, which usually present as meningitis and mili-
ary disease, but also as pulmonary disease in childhood [11]. Trunz et al. using the
data from the same trials included in previous reviews [12], estimated the efficacy
of BCG vaccination against meningitis and miliary tuberculosis to be 70% and
80%, respectively. Randomised controlled trials (RCTs) of BCG have shown vary-
ing efficacy in different populations [13]. A number of hypotheses have been postu-
lated for this observed variation, but no firm consensus has been reached.

One hypothesis is that individual BCG strains induce different levels of protec-
tion. However, several large systematic reviews, which included 18 RCTs with
active TB as endpoint and 6 RCTs with TB meningitis or miliary TB as endpoint
concluded that there was no evidence that efficacy was associated with BCG strain
[14, 15]. There appears to be a strong association between vaccine efficacy and lati-
tude at which the study was conducted [16], and the variable geographic prevalence
of non-tuberculous mycobacteria (NTM) or helminth infection has been implicated.

More recently, the meta-analysis of 14 studies involving 3855 participants found
that BCG vaccinated children were less likely than unvaccinated children to have
evidence of TB infection after exposure, upholding the recommendation that BCG
should be given as soon as possible after birth to prevent children from getting
infected [17]. BCG is less effective in preventing pulmonary disease, and it does not
prevent reactivation of latent pulmonary infection, the principal source of bacillary
spread in the community. Its role in preventing transmission of tuberculosis is there-
fore limited.

Protection has been shown to last for at least 15 years [18], with more recent
studies suggesting protection may last up to 60 years [19], but protective efficacy is
likely to wane with time [20-22].

Policy and Delivery of BCG Immunisation in the UK

The UK BCG immunisation programme has undergone several changes since its
introduction in 1953 when the highest rates of tuberculosis were in older teenagers
and young adults. It was targeted at young people of school-leaving age (then
14 years) with the aim of protecting them before they left school. In the 1960s, the
programme was extended to include selective immunisation of neonates born to
recent entrants to the UK from countries with high rates of TB. This was due to the
increased risk that these babies had of developing the disease. Cases of tuberculosis
TB in the UK fell from 50,000 per year in the 1950s to a low of 5745 cases in 1987.
In 2005, following a continued decline in TB rates in the indigenous UK population,
the Joint Committee on Vaccination and Immunisation (JCVI), (the expert commit-
tee that advises the UK Government on vaccination and immunisation), recom-
mended that the national schools routine BCG immunisation programme be replaced
by a risk-based vaccination programme in the UK.
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For this reason the UK BCG immunisation programme is now a risk-based, pre-
dominately neonatal programme, targeting babies in areas in the UK with high rates
of TB (incidence >40 cases per 100,000 population) or babies whose parents or
grandparents were born in a country with a high rate of TB and children [23].
Children up to 16 years may also be vaccinated following an assessment of indi-
vidual risk factors (see Fig. 1). This includes travel to TB endemic countries and
tuberculin-negative household or equivalent close contact of cases of infectious TB.

FLOW CHART: Screening Questions to Assist with BCG Eligibility Assessment

=

0 to 12 months
Does the infant have a parent or grandparent who was born in a country or live in parts of
the UK where the annual incidence of TB is 40/100,000 or greater?

One to five years

Is the child previously unvaccinated and with a parent or grandparent who was born in a
country where the annual incidence of TB is 40/100,000 or greater?

Six to under 16 years

Is the child previously ur i in-negative and with a parent or grandparent
who was born in a country where the annual incidence of TB is 40/100,000 or greater?

Under 16 years

Is the child previously unvaccinated, tuberculin-negative and is a household or equivalent
close contact of cases of infectious pulmonary or laryngeal TB?

Or

Is the child previously unvaccinated, tuberculin-negative and born in or have lived for a
prolonged period (at least three months) in a country or travelling and staying with
friends/family or local in a country with an annual TB incidence of 40/100,000 or greater?

b - 2

Individuals at occupation risk

Will this individual be providing direct care to patients with active TB or handling
potentially infectious clinical materials or derived isolates, or handling animals or animal
materials which could be infected with TB e.g. laboratory staff, veterinary and abattoir

workers?

BCG immunisation is not required f

Fig. 1 Assessment for eligibility for BCG vaccine. Determining which individuals meet the crite-
ria for BCG vaccination in the community. Further details available here https://assets.publishing.
ervice.gov.uk/government/uploads/system/uploads/attachment_data/file/731848/_
Greenbook_chapter_32_Tuberculosis_pdf
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There are few data on the protection afforded by BCG vaccine when it is given
to people aged 16 years or over and virtually no data for people aged 35 years or
over. BCG is therefore not usually routinely recommended for people aged over
16 years, unless the risk of exposure is great (e.g. healthcare or laboratory workers
at occupational risk through direct clinical contact with people diagnosed with TB
or contact with infectious TB materials).

The existing programme provides a platform on which local services can build
on to ensure that the needs of their local population are met and promote a consis-
tent and equitable approach improving BCG uptake. This includes better identifica-
tion of those eligible for vaccination, provision of neonatal immunisation prior to
discharge from hospital and training and education of staff and communities with
robust local pathways for delivery of BCG vaccination as part of infant and risk
group immunisation, with clear lines of accountability for commissioning, delivery
and monitoring.

The UK BCG immunisation programme is subject to revisions in response to
epidemiological changes, emerging best practice and scientific evidence.
Immunisation against infectious disease (known as ‘“The Green Book’), issued by
Public Health England provides guidance and is the main evidence base for all
immunisation programmes.

Immunology of BCG

In recent years, BCG has been extensively studied to elucidate a protective immune
response against TB. In brief, following delivery of BCG vaccine by intradermal
vaccination, components of the mycobacterial cell wall such as peptidoglycans and
mycolic acids interact with pattern recognition receptors (PRR) including toll-like
receptors (TLR). This immediate response is characterised by inflammatory cyto-
kines (TNFa, IL-8) followed by a cellular infiltrate of neutrophils, antigen present-
ing cells and then lymphocytes [24], and live BCG can be detected for up to 4 weeks
in previously unvaccinated adults [25]. Dendritic cells then travel to local lymph
nodes and present live BCG to activate CD4+ T cells. These Th1 or IFNy producing
T cells have long been thought to represent BCG mediated protection against
TB. Other T cells, including CD8+, yd and regulatory T cells have also been impli-
cated in protection.

Much of what we understand about mycobacterial immune responses comes
from studying the impact of BCG vaccine in patients with immunodeficiency, con-
genital and acquired. The risk groups affected by disseminated BCG disease include
severe combined immunodeficiency (SCID), human immunodeficiency virus
(HIV), chronic granulomatous disease (CGD) and mendelian susceptibility to
mycobacterial disease (MSMD). In 1995, Casanova et al. reviewed 121 published
cases of disseminated BCG infections [26], identifying 61 cases of definitive immu-
nodeficiency disease: 45 cases were (SCID), 11 cases were chronic granulomatous
disease (CGD), 4 cases were acquired immunodeficiency syndrome and 1 case had
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complete DiGeorge syndrome (CDGS). Norouzi et al. reported that out of 158
patients with BCGosis, 120 patients had immunodeficiency disease [27].

SCID is a group of inherited disorders that cause severe abnormalities of the
immune system by affecting numbers and function of T- and B-lymphocytes. A
diagnosis of SCID is often first considered if an infant vaccinated with BCG at birth
presents with multi-system disease and dissemination of BCG. This is a serious and
often fatal condition, unless anti-mycobacterial treatment and bone marrow trans-
plantation can be provided swiftly. Patients with SCID and BCG have greater mor-
bidity and mortality peri-transplant and longer admissions post transplant, with the
associated increased health costs [28, 29].

The consequences of an acquired T cell defect such as HIV are evidenced in
perinatally HIV-infected children vaccinated with BCG at birth; data from South
Africa show that the incidence of disseminated BCG infection (BCGosis) in these
children can be as high as 999/100,000 [30]. HIV infection leads to CD4+ T cell
depletion, contributing to TB susceptibility, and an inability to contain
BCG. Mycobacteria specific CD4+ T cells primarily produce Th1 cytokines, which
include IFNy, IL-2 and TNF« and it was thought that the ability of T cells to pro-
duce several cytokines at once would be an indicator for increased potential to pro-
tect an individual from TB. Polyfunctional cells such as these are seen at high
frequency in tuberculosis patients and also in people living in high incidence areas
and in BCG vaccinated infants [31-33]. However, recent studies do not support a
role in protection against disease in response to either BCG or the novel anti-TB
vaccine candidate MVAS85A, as recently tested in a large Phase IIb vaccine trial [34,
35]. Mycobacterial specific CD8 T cells are also important for protection; in addi-
tion to secreting IFNy and TNFa alongside CD4 T cells, they have direct cytotoxic
effects, expressing perforins and granulysins which can kill mycobacteria [36, 37].

In the early 1990s, several investigators reported patients and case series of indi-
viduals with unusual manifestations of disseminated mycobacterial infections
attributable to non-typical mycobacteria [38], but also included disseminated BCG-
infections and some cases of Mycobacteria tuberculosis (MTb) [39]. Through the
identification of significant mutations within the IFNy/IFNy receptor (IFNyR) path-
ways it became clear that both the cytokine and the receptors play a central role in
containment of mycobacteria [40]. The term mendelian susceptibility to mycobac-
terial disease (MSMD) evolved, as more and more defects also including the IL12
receptor, IL12 genes and signalling pathways were described. To date, more than
ten inherited defects have been described [41].

The occurrence of BCG vaccine complications in children diagnosed with
chronic granulomatous disease (CGD) confirms a role of neutrophils in containment
of mycobacteria [42]. CGD is caused by a defect in the burst of oxygen consump-
tion that normally accompanies phagocytosis in myeloid cells (i.e. neutrophils,
eosinophils, monocytes, and macrophages); neutrophils are the cells primarily
affected. It is estimated that between 6 and 57% of CGD patients will develop BCG
complications if vaccinated. In the majority of CGD patients, BCG will present as a
local or regional complication such as swelling, fistula formation or lymphadenitis.
Medical treatment often leads to an apparent full clinical recovery, however
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recurrence is often observed. Although disseminated BCG disease is less commonly
seen in CGD than SCID or MSMD (15% vs. 67 or 33% respectively), it has substan-
tial morbidity. IFNy treatment has been used with some success in this cohort [43].

Other innate cells have been investigated as part of the research into protective
mycobacterial immunity. BCG vaccine elicits both expansion of and IFNy produc-
tion by yd T cells, however similarly to CD4 T cells, the relationship between Y0 T
cells and protection is uncertain [44, 45]. In infants immunized with BCG at birth,
the frequency of IFNy-producing yd T cells after immunization did not correlate
with protection against TB [34]. NK cells are a further source of IFNy following
vaccination with BCG and infection with TB and in addition, produce IFNYy, perfo-
rin and granzyme-A when stimulated with BCG in vitro [37, 45]. Like yd T cells,
NK cells link the innate and adaptive immune systems. They are an important
source of early IFNy which is critical for activating macrophages and may directly
present mycobacterial antigens to T cells promoting expansion of an effector Thl
response. There is strong evidence that regulatory T cells are involved in the immune
response against MTB, although whether this is protective or pathogenic remains a
topic of debate. Regulatory T cells with the CD4 + CD25 + FOXP3+ phenotype
actively suppress Th1 T cells and have been reported to down regulate BCG induced
IFNy production. Regulatory T cells are induced by NTM and BCG [46—48] and it
is hypothesised that this is a mechanism by which high levels of environmental
NTM may contribute to decreased BCG efficacy in some regions [49], however this
has not been proven in human models [50, 51].

Severe infection caused by BCG has occasionally been reported in individuals
without identified primary immune defects with a reported incidence of approxi-
mately 1:10,000-1:1,000,000 [52]. It is likely that children with complications of
BCG vaccination such as large ipsilateral lymphadenopathy or continuously dis-
charging BCG vaccine site have some form of immune dysregulation, however
most do not have a currently identifiable immune defect either. Although a strong
Th1 response to BCG is expected in adults, as neonates and young infants often
have a Th2 or regulatory T cell predominance, it was anticipated they would have an
equivocal specific immune response to BCG. In fact, infants produce robust IFNy
responses to BCG [20, 53, 54] and this may represent a mechanism by which BCG
protects young infants from disseminated TB and TB meningitis.

Due to these described risks of BCGosis, BCG vaccination is not recommended
in hosts known to be immunocompromised, such as in HIV infected children or
those with SCID. Whilst screening mothers antenatally for HIV allows the identifi-
cation of the those with majority of infants at risk of HIV, currently in the UK and
many European settings, only siblings of those affected by SCID are identified by
screening. However, population based newborn screening (NBS) for SCID is pos-
sible and is standard of care in many US states [28, 55]. Early identification of cases
of SCID would allow the avoidance of harm from live vaccines such as BCG and
rotavirus and identify those infants who could benefit from early haematopoietic
stem cell transplantation.

Although the immune response to BCG has been extensively described as above,
a true mechanism of protection is still not understood.
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BCG Protection Beyond TB

Recently, a non-TB benefit or ‘non-specific’ benefit of neonatal BCG vaccine has
been proposed. A series of observational studies in West Africa reported a decrease in
all-cause mortality of up to 50% in infants who received a birth dose of BCG vaccine
[56]. This was further demonstrated by studies in Uganda, India and Spain [57-59],
and more recently these findings have been supported by small randomised controlled
trials [60, 61]. Recent work by Netea and others support a novel immunological con-
cept which may underly this phenomenon, now known as ‘trained immunity’ [62],
and murine models demonstrate BCG induction of protection against unrelated infec-
tious agents including a variety of viruses, Staphylococcus aureus and Candida albi-
cans amongst others [63, 64]. Human studies of BCG vaccinated adults demonstrate
a BCG induced higher expression of PRRs and greater reactivity to stimuli such as
TLR agonists, resulting in cytokine induction and phagocyte recruitment [65]. This
innate immune enhancement is protective against bacterial sepsis in a neonatal model
[66], and early life BCG vaccination may train the developing immune system to
protect infants from a variety of pathogens [67]. Furthermore, association studies sug-
gest that early immunization with BCG-containing regimens may protect against leu-
kaemia [68], possibly via a similar mechanism of ‘trained immunity’. Interestingly,
the potential non-specific benefit of other live vaccines such as oral polio vaccine,
rotavirus vaccine and measles is currently under consideration [69-72].

The benefit of BCG protection extends beyond TB to other mycobacterial infec-
tions, with one study of non-tuberculous mycobacterial infections in children in
Finland demonstrating an increase in incidence from 0.2 to 3.9 per 100,000 person
years following the withdrawal of universal vaccination [73]. There is extensive
evidence that BCG protects against leprosy, but the efficacy varies between 41 and
60% and meta-analyses have been difficult due to heterogeneity in studies [74].
BCG vaccination has been recommended as part of leprosy control programmes,
particularly showing benefit when given to household contacts alongside rifampicin
prophylaxis, increasing the protective benefit from 58 to 80% [75]. However, BCG
may also have unwanted effects. In a human challenge model of malaria infection,
BCG vaccinated volunteers had more severe adverse events than unvaccinated vol-
unteers, associated with monocyte activation. Furthermore, BCG vaccination has
been demonstrated to impact the antibody response to routine immunisations
administered as part of EPI in one study [76], with implications for design and
development of future immunisation schedules.

Adverse Events due to BCG

A typical reaction to BCG vaccination includes an erythematous indurated area at
the injection site which may ulcerate then form a crust, before healing with scar
formation. More than 90% of infants produce a scar [77] and although there is no
universal recommendation for revaccination in the absence of a scar, a number of
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studies have suggested increased protection in infants with scars [78, 79]. Axillary
lymphadenopathy of <1 cm is also described within normal range. The global inci-
dence of adverse events is estimated at between 1 and 10%, however they are rarely
recorded and are likely to vary with vaccine strain [1]. One Australian study
reported an adverse event rate of 87/100,000 doses associated with a Sanofi Pasteur
product in 2009 and 201/100,000 doses with an unregistered Danish Statens Serum
Institute product in 2014 [80], however total dose administration was unconfirmed.
Adverse events related to BCG vaccine include abscess, vaccine site reactions,
lymphadenopathy, lymphadenitis and disseminated disease. In one UK study of 60
children presenting with adverse events, 65% had lymphadenitis, 30% injection
site complications and 1 child had disseminated BCG disease [81]. The majority of
adverse events were managed conservatively with good outcomes, the optimal anti-
biotic regimen for the management of disseminated disease is unclear. Suggested
regimens might include a combination of rifampicin, isoniazid and ethambutol.
Other agents including a quinolone or clofazimine may be considered for severe
cases [9 82]. The role of phage therapy shows promise, but is yet to be con-
firmed [83].

In patients with primary immunodeficiencies who had any vaccine adverse event,
adverse events due to BCG were the most common, accounting for a third of all
events in one study [83]. In a South African setting, 88% of children with adverse
events due to BCG had a local event (vaccine site or lymphadenitis), 76% of chil-
dren were immunocompromised (90% due to HIV) and the mortality rate of dis-
seminated disease was 75% [84]. A later surveillance study of disseminated BCG
disease reported a rate of 992/100,000 in HIV infected infants [85, 86]. BCG vac-
cination is contra-indicated in patients known to have SCID, CGD, or MSMD dis-
orders [29]. The design and implementation of neonatal screening strategies for
primary immunodeficiency need to consider BCG vaccine timing to avoid serious
complications associated with a birth dose of BCG vaccine in this cohort. WHO
recommends that in high-incidence TB countries, infants born to HIV infected
mothers or mothers with unknown HIV status who appear well should be given
BCG vaccination, as the benefits outweigh the risks of vaccination. For neonates
with HIV confirmed on early virological testing, BCG vaccination should be
delayed until ART is started and CD4 count in >25% [87].

There is limited data on the safety of BCG vaccination at birth in preterm and
low birthweight infants, but a systematic review reported that BCG vaccination is
safe and effective in healthy preterm infants born after 32 weeks gestation and
weighing more than 1500 g, however there is insufficient data to assess safety and
efficacy in very low birthweight or extremely premature infants [88].

BCG Vaccine: Revaccination Strategies

As described above, the role of BCG vaccine in protection from TB is variable and
unfortunately far from complete. Novel TB vaccine trials are largely based on a
prime boost strategy on a neonatal BCG vaccine dose. The protective efficacy of the
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BCG vaccine appears to wane by the age of 10 in the majority of studies. Boosting
these immune responses by revaccination is an attractive prospect from a cost-
effectiveness and safety perspective, and modelling studies have suggested revac-
cinating TST negative adolescents in high TB endemic settings may be beneficial
[14, 18, 20, 89]. A second dose of BCG given to 19 month olds in Guinea-Bissau
however showed no decrease in TB related or all-cause mortality [90]. Revaccination
of 7-14 year olds in Brazil in a variety of settings (urban and rural) reported no
significant protection on initial analysis [91], but was suggestive of improved vac-
cine efficacy in an urban setting at 5 years post vaccine (19% (3-33) in Salvador vs.
1% (—27-27) in Manaus) [92]. More recently, secondary analyses of a subunit vac-
cine (H4:IC31) clinical trial, comparing BCG revaccination vs. placebo vs. the
H4:1C31 candidate, demonstrated that BCG revaccination reduced the proportion of
sustained conversion of in vitro markers of LTBI by 45%, with unknown clinical
significance [93]. The risk of disseminated BCG disease in immunocompromised
subjects is the greatest obstacle to large-scale BCG revaccination strategies in HIV
and TB co-infection areas, however, further clinical trials are planned.
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Pulmonary, Pleural and Mediastinal TB:
Clinical Aspects and Diagnosis

Mirae Park, Clare Ross, and Onn Min Kon

Pulmonary Tuberculosis

Pulmonary tuberculosis (TB) is defined as TB of the lung parenchyma and the tra-
cheobronchial tree. As Mycobacterium tuberculosis (MTB) is an aerobic organism,
it predominantly affects the lungs but can cause disease throughout the body as
extrapulmonary tuberculosis (EPTB).

Clinical Presentation of Pulmonary TB

Symptoms and signs of TB can be non-specific and protracted over many weeks.
Constitutional symptoms include weight loss, anorexia, fevers, night sweats, mal-
aise as well as those associated with the specific disease sites.

Typical symptoms of pulmonary TB include cough, sputum and haemoptysis
(Fig. 1). Cough is the commonest symptom, often non-productive in the first
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Fig. 1 Symptoms of Classic Symptoms for Active TB

pulmonary TB Chest symptoms Constitutional
¢ Cough * Fevers
e Sputum * Night sweats
¢ Haemoptysis *  Weight loss
¢ Chest pain ¢ Lack of appetite
¢ Breathlessness * Malaise

instance. As disease progresses with inflammation and tissue necrosis, patients
become productive of sputum. Haemoptysis can occur with endobronchial erosions
or by rupturing of a dilated vessel in a cavity wall described as a Rasmussen’s aneu-
rysm. Haemoptysis is often the sequelae of previous disease [1]. Patients may report
chest pain with accompanying pleural inflammation and breathlessness in extensive
pulmonary disease [2].

However up to 50% of patients with culture positive disease do not have a pro-
ductive cough, and in early cases up to a quarter of patients with pulmonary TB are
asymptomatic [3].

Physical signs of TB are non-specific. In advanced disease, patient can often look
unwell and cachectic. Clubbing of the fingernails can occur from bronchiectasis,
secondary to previous TB.

Auscultation is often normal or may reveal some crackles, wheeze or bronchial
breathing. Amphoric breath sounds are used to describe the movement of air across
cavities [2]. Endobronchial TB can cause collapse of the lungs by airway occlusion.
Clinical findings should be used to complement diagnostic investigations.

Diagnostic Approach

Diagnosis of TB is either by microbiological confirmation of MTB or a clinical
diagnosis in culture negative cases. Any clinical suspicion of TB should be fully
investigated.

Several techniques are available to acquire a range of specimens including spon-
taneous sputum, induced sputum, bronchoalveolar lavage (BAL) and gastric lavage
fluid (primarily utilised in the paediatric population) all of which can all be micro-
biologically tested to confirm MTB. Culture remains the gold standard for TB
confirmation.

In the absence of microbiological confirmation, clinical information including
medical history, exposure history and risk factors should be considered in combina-
tion with diagnostic tools such as imaging which can help support the diagnosis of
culture negative clinically defined TB. This still poses a challenge to TB treatment
as full drug sensitivities are not available without MTB isolation, hence all available
attempts should be made to microbiologically confirm the diagnosis. An example of
a diagnostic pathway is shown below (Fig. 2).



Pulmonary, Pleural and Mediastinal TB: Clinical Aspects and Diagnosis 31

Medial History and Examination

* Demographics
¢ TB exposure/contacts
¢ Risk factors/Immunosuppression

Blood Results

* HIV
¢ Hepatitis B/C

¢ CXRs
e +/- CT chest
e +/- PET scans

" 4 b |

Sputum or Induced Sputum Other Respiratory Specimens
If sputum available: If non productive or sputum smear
¢ Positive smear microscopy negative:
Send for Culture » * Bronchoscopy to obtain BAL
* Negative smear microscopy * EBUS TBNA
Send for other respiratory * Pleural Fluid/Tissue
specimens ¢ Paediatric Specimens

Diagnostic Techniques

* Smear microscopy for AFB

¢ Culture (Gold Standard)

¢ Other options - Molecular Tests
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Imaging: Chest Radiographs and CT Scans

Chest radiographs (CXRs) are an established rapid imaging tool for TB detection
and has been part of the World Health Organisation (WHO) recommendations for
many years [4]. Initial investigations for symptoms suggestive of TB such as a
cough lasting more than 2 weeks include a sputum sample and a CXR. Several
abnormalities on CXRs which are specific for pulmonary TB such as cavities, mak-
ing CXRs a useful cheap modality to support the clinical diagnosis of TB. However
radiological changes are not pathognomonic and the sensitivity for conventional
screening for a cough lasting for 2-3 weeks is less than 50% for active TB [5], hence
microbiological tests irrespective of symptoms are required if there is a clinical
suspicion.

Radiological tools have been made more accessible with the increasing avail-
ability of radiographers, low running cost and digital portable technology. New
developments in digital CXRs with computer assisted diagnosis are increasingly
available and used in triage and screening settings [6].

Chest radiograph appearances can vary from normal x-rays to discrete infiltrates
to extensive bilateral changes with cavities depending on a host of factors including
immune status, the stage of infection and the age of the patient.

Primary TB is usually self-limiting and the only radiological evidence of this is
often the Ranke Complex. This consists of a calcified parenchymal scar (Ghon
lesion) and a calcified hilar and/or parenchymal lymph node. In primary parenchy-
mal TB, there is a tendency for homogenous parenchymal consolidation in the mid-
dle and lower lobes [7]. Obstructive atelectasis secondary to compression from
enlarged lymph nodes can also occur most commonly causing collapse of the ante-
rior right upper and medial right middle lobes. This is likely due to the branching
angle of these lobes being surrounded by a larger plexus of lymph nodes.

About 2-6% of primary infection cases can present with miliary TB, where the
host immune defence is overwhelmed and haematogenous spread of bacilli leads to
the classical appearance of bilateral 2-3 mm pulmonary nodules that resemble mil-
let seeds (Fig. 3). This occurs typically 6 weeks or more after the infection [8].

Post primary TB (reactivation TB) from a dormant residual foci spread during
the primary infection mainly affects adults. This has different radiological

Fig. 3 CXR and CT appearance of miliary TB
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characteristics compared to primary TB and generally lack abnormal lymph nodes.
Tuberculomas are also seen in 3—6% of post primary TB as the main or only abnor-
mality on a CXR. They appear as round granulomas with caseating necrotic centres
caused by acid fast bacilli (AFB) surrounded by inflammatory granulomatous tissue
which are 0.4-5 cm lesions and can be solitary or multiple [9].

The typical lesions for post primary TB are cavitation (Fig. 4) and ‘tree in bud’
appearances (Fig. 5) which can be present in 40% of cases. They tend to occur in the
apicoposterior upper lobe segments and the apical segment of the lower lobes [9].
‘Tree and bud’ on CT images are ill-defined micronodules and multiple centrilobu-
lar nodules with sharply linear branching opacities represents bronchogenic spread.

Endobronchial/tracheobronchial TB can also occur but have become rarer since
the introduction of effective anti-TB treatment. It usually originates from a perfora-
tion of adenopathy into the bronchus and can be seen as a fistula or ulcerating granu-
lomatous lesion bronchoscopically [9]. On CT imaging it appears as a circumferential
bronchial narrowing [9].

With insidious symptoms and delayed diagnosis, radiological evidence of
advance disease can be seen. Bronchiectasis as a result of pulmonary destruction
and fibrosis is common. Airway stenosis can also occur. Persistent communication
of the bronchial tree and the pleural space can lead to a bronchopleural fistula. Other
complications of pulmonary TB include aspergillomas visible on both CXR and CT
scans as a spherical nodule separated by a crescent shaped area of decreased opacity

-

Fig. 5 CXR and CT showing tree in bud in the right upper lobe
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- 5

Fig. 6 CXR and CT showing right upper lobe cavity and evolution of aspergilloma over 18 month.
FDT-PET showing avidity in cavity

or air from the cavity wall representing colonisation of aspergillus species in a pre-
vious TB cavity (Fig. 6). This occurs in about 11% of patients [9]. Other rarer com-
plications of TB on imaging include fibrosing mediastinitis caused by inflammatory
and reactive fibrosis of the mediastinum appearing on CT as a mediastinal mass
with tracheobronchial narrowing and pulmonary vessel encasement.

In patients with HIV disease, the radiological appearances are atypical and
resemble primary TB as described in more detail in the HIV chapter. Cavitation is
uncommon and lower lobes are more likely to be affected. Diffuse infiltrates and
intrathoracic lymphadenopathy are more frequent [1] particularly the case if the
patient’s CD4 T lymphocyte count is <200 cells/uL [10]. Extra-pulmonary manifes-
tations are commoner in patients with HIV [11].

Although the typical radiological changes are described above and a summary
can be seen in Fig. 7, often in a real-life clinical setting these patterns do not always
apply. More details are described in the radiology chapter.

If the initial CXR and/or sputum smear is inconclusive or not available then fur-
ther imaging with a CT scan can increase clinical suspicion and have a higher sen-
sitivity for identifying cavities, nodules, lymphadenopathy and complications of
pulmonary TB such as airway stenosis, tracheobronchial fistulas and bronchiectasis.
A CT scan also guide potential sampling options.
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Summary of Radiological Findings in Puimonary TB

Primary TB (often in children) Post Primary TB (secondary of adulthood)
. Ranke Complex (Ghon lesion with calcified node) . Cavity
. Parenchymal consolidation . Tree in bud
. Obstructive atelectasis . Cicatrisation atelectasis
¢ Middle lower lobes e Upper lobes, apical segment lower lobes
. Lymph node enlargement (right intrathoracic) . Bronchiectasis
. Bronchopleural fistula
. Aspergillomas
. Fibrosing mediastinum

Characteristics persent in both

. Tuberculomas

. Miliary TB

. TB pleuritis

. Endobronchial/Tracheobronchial

Fig. 7 Summary of radiological findings in pulmonary TB

Other imaging modalities such as positive emission tomography (PET) CT scans
using fluorine-18-fluoro-2-dexoy-D-glucose, a glucose substrate which is utilised by
metabolically active cells can be helpful in establishing the extent of the disease but
are non-specific for malignancy as well as infection or inflammation. There have
been several studies evaluating the use of PET CT in TB but the role in TB diagnos-
tic is still yet to be fully clarified.

Sputum

The commonest and simplest method of obtaining respiratory samples for suspected
TB is with spontaneous sputum. International guidelines states that at least two, ide-
ally three deep cough sputum samples should be sent for microscopy and culture
[12]. A systematic review has shown that TB diagnosis increased with pooled spu-
tum collection and clear instructions on sample collection (before sputum collec-
tion, observed collection or together with a physiotherapy assistance). In this review
early morning sputum did not seem to significantly increase the diagnostic perfor-
mance [13] but in the past it has been associated with the highest AFB yield [12]. A
recent study has also shown that good quality microscopy of two consecutive spu-
tum samples is able to identify 95-98% of smear positive patients [14]. The WHO
recommends that only two sputum samples are required and they may be performed
on the same day [15].

If a sputum sample is not available or is smear negative, alternative methods to
obtain respiratory samples such as with sputum induction or by invasive methods
such as a bronchoscopy (discussed below) should be considered.
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Fig. 8 Xpert MTB/RIF platform (Cepheid) and Xpert Ultra cartridge
Induced Sputum

Induced sputum is an important non-invasive way of airway sampling. It was first
described in 1958 by Bickerman et al. for lung cancer [16]. Sputum induction is
performed by inhaling 3—4.5% hypertonic saline through a nebuliser and coughing
or expectorating any airway secretions. Precautions should be taken as the hyper-
tonic saline can cause bronchospasm hence pre-test spirometry should be per-
formed, as well as giving inhaled salbutamol beforehand [16]. This should all be
performed in a negative pressure room to minimise infection risks. Numerous stud-
ies have shown the usefulness of sputum induction [17-19].

Sputum should be tested with smear microscopy, culture and molecular methods
if available. In high burden bacillary disease such as cavitatory TB, the sensitivity
of sputum smear microscopy is around 50% but drops to 10-20% for paucibacillary
disease [20].

Microbiological culture remains the gold standard, but remains an imperfect test
in paucibacillary disease.

Rapid molecular tests such as Xpert MTB/RIF (Cepheid, Sunnyvale, CA, USA),
an automated real-time polymerase chain reaction (PCR) kit has significantly
improved TB diagnostics with results being available in 2 hours (Fig. 8). In addition
to being more sensitive than smear microscopy [21], Xpert MTB/RIF has the added
benefit of rapidly identifying rifampicin resistance. A Cochrane review has shown
Xpert MTB/RIF to have a pooled sensitivity of 85% and a specificity of 98%, and
67% and 98% respectively in smear negative culture positive patients [22]. Xpert
MTB/RIF Ultra (Xpert Ultra) has recently been developed with an improved sensi-
tivity particularly when used in paucibacillary disease groups.
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Bronchoscopy and Bronchoalveolar Lavage (BAL)

If sputum samples are not available, unsuccessful or in smear negative cases then
the diagnostic challenge lies in acquiring adequate samples. Bronchoscopy, a semi-
invasive procedure using a flexible camera with an operating channel to obtain
respiratory samples can be performed. CT images can direct the bronchoscope to
the area of lung most affected hence optimising the yield from the samples.

Bronchoscopy is usually performed under conscious sedation using intravenous
benzodiazepines and/or opiates. Local anaesthetic spray is applied to the orophar-
ynx and the airways. A targeted bronchial wash or a BAL is performed using 0.9%
saline in 30-60 mL aliquots down the operating channel, which is then aspirated
back. Numerous studies have shown the diagnostic value of bronchoscopy espe-
cially in sputum smear negative culture negative TB [23, 24].

The sensitivity for smear microscopy in BAL samples is highly variable ranging
from 4.7 to 58% depending on the incidence of TB [25]. In BAL samples of sputum
smear negative cases, the sensitivity of smear was 58%, Xpert MTB/RIF was 93%
in culture positive cases with a culture rate of 18% [26]. Xpert Ultra is yet to be
systematically reviewed for BAL samples.

Paediatric Specimens

In the paediatric population, obtaining adequate samples are difficult due to the lack
of sputum and paucibacillary nature of the organism. Even in optimal conditions
MTB is only isolated in fewer than 50% of suspected TB cases in children [27, 28].
A variety of samples can be taken including nasopharyngeal aspirates, gastric aspi-
rates, stool and urine.

A small study has shown BAL samples to have a higher sensitivity than gastric
aspirates for smear microscopy, 31% and 21% respectively [29]. Culture confirma-
tion is renowned to be difficult in children with only 31% being confirmed in
England in 2018 [30]. Gastric aspirates have been shown to be superior to nasopha-
ryngeal aspirates which were superior to stool samples. An additional gastric sam-
ple increased the detection of culture positivity by 37% [31]. Xpert MTB/RIF has
been shown to have a sensitivity of 62% in sputum and 66% in gastric aspirates.
Xpert MTB/RIF has a higher sensitivity compared to smear but it remains signifi-
cantly lower compared to the adult population. Xpert Ultra has also been evaluated
in the paediatric population showing improved sensitivity [32].

Other samples such as stool and urine have been analysed in the diagnosis of
pulmonary TB in children but have a lower diagnostic yield compared to other
respiratory samples and are not recommended by the WHO.
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Other Diagnostic Techniques and Biomarkers for Pulmonary TB

Other molecular diagnostics available include line probe assays (LPAs) such as
GenoType MTBDRplus, MTBDRsl (Hain Lifescience GmbH, Nehren, Germany)
and NIPRO (NIPRO Corporation, Osaka, Japan) for the detection of MTB and drug
resistance (including second line treatment) but requires additional laboratory
capacity. The WHO has also endorsed the use of a commercial loop-mediated iso-
thermal amplification made by Eiken Chemical, Tokyo, Japan as a new molecular
test (TB-LAMP) [33].

Lipoarabinomannan (LAM) is a promising antigen detection marker for TB
diagnostics. Itis a 17.5 kDa glycolipid component of MTB cell wall. It is filtered by
the kidneys and hence detectable in the urine. There have been several studies look-
ing at urinary LAM and its diagnostic performance as a TB antigen [34]. It currently
offers little diagnostic utility for TB in the unselected population but may be a help-
ful tool in HIV infected patients with CD4 cell count of less than 200 cells/pL [35,
36]. It is currently recommended for all patients who have HIV and a CD4 count
less than 100 cells/pL, seriously ill and are hospitalised. The use of LAM has also
been reviewed in children with HIV [37].

Pleural TB

Pleural TB accounts for 9% of all TB cases with 418 cases in the England in 2018
[30]. In TB endemic areas, the rate of pleural involvement can be as high as 30%
[38]. It is the second most common site of EPTB after lymph node TB in
England [30].

Pleural TB can be the primary site accounting for around 30% of cases [38] or
the reactivation site for TB. It is commoner in younger people but if it is secondary
to reactivation, the age of presentation tends to be older. Pleural effusions are com-
moner in males representing up to 70% of cases [39].

The pathogenesis of pleural disease is thought to be related to the rupture of a
subpleural caeseous foci, causing a T-helper type 1 cell mediated delayed hypersen-
sitivity reaction [40, 41]. This hypersensitivity reaction increases the permeability
of the pleural capillaries to protein and increases the protein level in the pleural
fluid. The lymphocytic pleuritis obstructs the lymphatics leading to decreased pleu-
ral fluid clearance [40].

More recently, it is thought that there may be direct spread from the parenchymal
lesion causing a paucibacillary infection [41]. Direct pleural infection as the mecha-
nism for pleural effusion is supported by microbiological evidence of pulmonary
disease in many cases, positive fluid culture results, TB pleural effusions being neu-
trophilic in early stages, as well as higher mycobacterial burden in loculated effu-
sions [42, 43].
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Clinical Presentation of Pleural TB

Patients can present with the typical symptoms of TB or be completely asymptom-
atic and are incidentally detected on imaging. TB pleural effusions are more com-
mon in patients with HIV who tend to have a higher incidence of disseminated
disease at presentation. The illness presents over a longer duration [40].

Pleural TB usually presents as a unilateral effusion, often associated with an
acute illness with commonest symptoms being fevers, pleuritic chest pain and
cough. It can also present as a subacute illness with symptoms of night sweats,
chills, weakness and weight loss [42]. If the effusion is sufficiently large, the pre-
dominant symptom is breathlessness [2]. Symptoms are usually present for less
than 1 month.

TB empyema is a chronic infection in the pleural space which evolves from an
exudative pleural collection. This becomes fibrinopurulent and then infected, lead-
ing to a consolidative phase with granulation tissue causing a calcified thickened
pleura [42] visible on chest imaging.

Complications of pleural empyema involving the surrounding parenchyma can
lead to alveolar-pleural or bronchopleural fistulas. These present as a secondary
hydro-pneumothorax with dyspnoea and chronic chest pain. Persistent air leaks can
develop as a result. Other complications such as empyema necessitans, pleural
fibrosis and calcified fibrothorax may have long-term clinical implications. Residual
pleural thickening of >10 mm is associated with significant morbidity: chest pain,
dyspnoea and reduced lung function [44] and in some cases decortication may be
indicated.

It is important to note that TB pleural effusions may slowly resolve spontane-
ously with time without treatment but up to 65% will progress to active TB within
5 years [45], highlighting the importance of a high index of suspicion at first
presentation.

The size of the effusion can vary but 50% occupy half or more of the hemithorax
[39]. The size of the effusion has no bearing on prognosis.

Diagnostic Approach

The gold standard for diagnosing pleural TB is microbiological confirmation from
sputum, pleural fluid or pleural biopsy. However pleural TB is paucibacillary in
nature with only less than 10% being smear positive on microscopy and only about
30% culture proven [2]. This tends to be higher in the HIV co-infected patients with
a CD4 T lymphocyte count of <100 cells/pL [46]. The diagnosis is reliant on clini-
cal suspicion, radiological appearance and evidence of a lymphocytic effusion or
histological evidence of caseating granuloma [40]. The available specimens should
be tested for smear and culture as a minimum alongside any other additional diag-
nostic techniques available to optimise the yield of MTB confirmation.
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Fig. 9 US images of pleural effusions. Left: anechoic simple pleural effusion with underlying
atelectasis; Middle: anechoic effusion with septations; Right: echoic complex effusion

Fig. 10 CXR and cross sectional CT showing large right pleural effusion; US image showing
large right anechoic effusion

Imaging

CXRs are the most accessible imaging modality to diagnose pleural effusions.
Co-existence of parenchymal disease can be seen in up to 50% of cases on CXRs
and up to 85% on CT scans and occur on the same side as the effusion in the major-
ity of cases [44]. The most common finding on CT are micronodules in the subpleu-
ral and peribronchovascular area with interlobular thickening suggesting lymphatic
spread [47]. CT and ultrasound (US) scans are also useful in assessing TB empyema
and differentiating the different stages: (1) exudative phase with an uncomplicated
effusion, (2) fibrinopurulent phase with thickened visceral and parietal pleura and
(3) the organising phase with loculated pleural fluid collections and a thickened
pleural peel with calcification.

Real-time US guided thoracentesis and pleural biopsy facilitates assessment and
safe intervention. The appearance of pleural effusions can vary from an anechoic
non-septated image in a simple effusion to an echogenic septated complex effusion
(Figs. 9, 10, and 11).
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Fig. 11 CXR showing large left pleural effusion, cross sectional CT showing left pleural effusion
with pleural thickening, US showing complex effusion and thickened parietal pleura

Fig. 12 Left: Aspiration kit, Right: Seldinger chest drain kit

Sputum in Pleural TB

In pleural TB, sputum samples have a modest yield. This is increased with sputum
induction up to a yield of 55% even in patients without evidence of parenchymal
involvement on a chest radiograph [48]. Patients with suspected TB pleural effu-
sions should have sputum samples sent off for culture even in the absence of CXR
changes.

Pleural Fluid

Pleural fluid is obtained by diagnostic or therapeutic thoracentesis or by the inser-
tion of an intercostal chest drain (Fig. 12). This is performed with real-time US
guidance to identify the optimal drain or aspiration site, and reduce the risk of organ
puncture and intercostal artery puncture [49, 50].

In comparison to the diagnostic benefits of drainage, the longer-term symptom-
atic benefits of drainage are yet to be determined in cases of pleural TB. In compari-
son, TB empyemas should be managed as per bacterial empyemas.
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All pleural fluid should be sent for routine chemistry to test for Light’s Criteria,
and is usually exudative with a protein concentration >30 g/L. Pleural fluid tends to
be straw-coloured, unless an empyema is present. The fluid in pleural TB usually
has a high LDH level with total nucleated white cells of around 1000-6000 cells per
mm? [40, 41]. Most TB effusions are lymphocytic usually with a lymphocyte to
neutrophil ratio of greater than 0.75. Pleural fluid collected in the first few days may
be neutrophilic in nature but then becomes lymphocytic. Pleural fluid can also dem-
onstrate a neutrophilic predominance when associated with loculations or TB
empyema. Routine cytological analysis of TB pleural effusion is therefore essential,
although malignant pleural effusions can give a similar picture with high lympho-
cytic counts.

TB effusions tend to have low glucose levels compared to serum; usually between
3.3 and 5.6 mmol/L [44]. Pleural pH is usually between 7.30 and 7.40 [40]. A very
low pH <7.20 and glucose level may indicate TB empyema.

In addition to protein, LDH and cytology, pleural fluid should be sent for smear
microscopy, and culture (in TB culture bottles) and molecular or additional bio-
markers if available. As mentioned above, pleural fluid microscopy for MTB has a
low yield of <10%, but increases to 20% in HIV co-infected patients [51], likely due
to ineffective bacterial clearance. The yield of pleural fluid culture is variable around
10-37% [52, 53]. The combination of pleural fluid and sputum culture has a diag-
nostic yield of almost 80% [41]. Nucleic acid amplification tests (NAATS) in pleural
TB have a sensitivity of 62-76.5%, with a specificity of 91-98% in previous meta-
analyses [54, 55]. In the Cochrane review of Xpert MTB/RIF, pleural fluid had a
pooled sensitivity against culture of 50.9% and specificity of 99.2% from 27 studies
with 4006 specimens [56]. Studies using a concentrations step had a higher sensitiv-
ity of 49.1% compared to 41.6% without concentration step. Fresh pleural samples
performed better compared to frozen samples [57]. A recent study evaluating the
diagnostic accuracy of the new Xpert Ultra in pleural fluid showed the sensitivity in
Ultra to be 44.2% compared to culture at 26.4%, Xpert MTB/RIF at 19.23% and
smear microscopy at 1.4% [58].

ADA is a purine degrading enzyme found predominantly in T-lymphocytes. It is
useful for its high positive predictive value in high TB burden countries. Using a
value greater than 40 IU/L it carries a positive predictive value of 98% [40]. In low
TB incidence countries, the negative prediction value of less than 30 IU/L has a
negative predictor value of 98.9% and can be used to rule out TB [59]. It is most
often useful when the pleural fluid or biopsy cultures are non-diagnostic.

IFN-y is a cytokine released by activated CD4+ T lymphocyte in the normal
immune response to TB. In a meta-analysis of 22 studies, IFN-y had a sensitivity of
89% and specificity of 97% [60]. There is evidence that IFN-y assays may be more
superior to ADA for diagnostics in pleural TB but it has a slightly more complex
ELISA testing and a higher cost [40]. It has been suggested that IFN-y is a useful
tool for pleural TB diagnostics alongside clinical and conventional tests [60].

A summary of the common characteristics of pleural effusions can be found in
Fig. 13.



Pulmonary, Pleural and Mediastinal TB: Clinical Aspects and Diagnosis 43

Fig. 13 Summary of the Light’s Criteria of Exudative Effusions - if one or more criteria are met:
common characteristics of

. ¢ Pleural fluid protien to serum protien ratio >0.5
pleural effusions +  Pleural fluid LDH to serum LDH ratio >0.6

e Pleural fluid LDH>2/3 upper limit of serum LDH value

Causes of Exudative Pleural Effusions

« TB
¢ Malignancy

*  Parapneumonic effusions

¢ Pulmonary embolism

¢ Rheumatoid arthritis (autoimmune)
* Asbestos effusions

*  Pancreatitis

¢ Post myocardial infarction

*  Post coronary artery bypass

e Drugs

¢ Fungal infections

Causes of Lymphocytic Pleural Effusions

« TB
¢ Malignancy

¢ Lymphoma

e Cardiac failure

¢ Sarcoidosis

* Reheumatoid effusion

¢ Uraemic pleuritis

¢ Post cardiac intervention (post coronary artery bypass)
¢ Chylothorax

Characteristic Findings for pleural TB

*  Protein >30g/L

¢ Elevated LDH

¢ High lymphocytic count

¢ Lymphocyte to Neutrophil ratio >0.75

¢ Low glucose
e PH7.30-7.40 (pH < 7.2 with low glucose may suggest empyema)
e (ADA level >40 IU/L)

Pleural Tissue

Pleural tissue can be obtained by either closed needle biopsies or thoracoscopic
biopsies to identify AFB, cultures and granulomas on histological evaluation.
Closed Pleural Biopsies

Closed pleural biopsies were first described by Abrams and Cope in the mid-

twentieth century as a less invasive technique to surgical biopsies. The initial tech-
nique was performed blindly with an Abrams needle using a reverse bevel.
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Fig. 14 Left: Core-cutting needle, Right: US image of a pleural biopsy with a true cut needle

In a prospective study comparing local anaesthetic thoracoscopy with Abrams
biopsies in an area with high incidence of TB, thoracoscopy had a sensitivity of
100% when using culture and histology together compared to a sensitivity of 79%
when using Abrams pleural biopsies [38]. However, given the reasonably high diag-
nostic rate of closed needle biopsies, they are often the initial diagnostic procedure
in low resource countries with a high incidence of TB given their cost effectiveness
compared to local anaesthetic thoracoscopy.

In current practice image-guided biopsies (often using core-cutting needles)
(Fig. 14) are preferred over Abrams biopsies performed blindly for improved safety
and yield [61, 62].

US guided biopsies have the benefit of being able to target areas of pleural abnor-
mality whilst compensating for respiratory movements in real time and in compari-
son to CT guided closed biopsies, avoid ionising radiation. No formal guidelines
exist but 8-10 cores pleural biopsies have been suggested and sensitivity generally
increases with the number of biopsies taken [62]. Closed biopsies also have the
benefit of being minimally invasive, are well tolerated by patients, and are less
resource dependent compared to thoracoscopic biopsies.

Thoracoscopy

Thoracoscopic interventions have been well described for the treatment of TB by
artificial induction of a pneumothorax and division of pleural adhesions. This pro-
cedure has the benefit of offering both diagnostic and therapeutic interventions.

Medical thoracoscopy is usually performed under local anaesthetic by physi-
cians (although some larger specialist units offer general anaesthetic lists) and video
assisted thoracoscopic surgery (VATS) is performed by the cardiothoracic surgeons
under general anaesthesia.

Medical thoracoscopy is well tolerated and has a major complication rate of
2.3% (including empyema, haemorrhage and pneumonia). This diagnostic yield is
higher than blind pleural biopsies for TB pleuritis [63]. VATS is not suitable for frail
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patients with multiple co-morbidities as it requires a general anaesthetic but is has a
similar high diagnostic yield and still a low complication rate with the most com-
mon side effect of subcutaneous emphysema [63].

For pleural tissue, the culture positivity rate has been reported to be 76% with the
yield increasing to 90% using US guided closed pleural biopsy as the technique
[64]. Pleural biopsies taken under direct visualisation via thoracoscopy has a sensi-
tivity of up to 100% [38].

The use of Xpert MTB/RIF in using thoracoscopic pleural biopsy has been eval-
uated by Christopher et al. Histopathology was diagnostic in 100% of the patients
with TB. The sensitivity of pleural tissue using Xpert MTB/RIF was 45%, which
was higher than tissue culture at 39%. The sensitivity of pleural fluid using Xpert
MTB/RIF was 14% and fluid culture was 17% demonstrating that the pleural tissue
provided higher yields than pleural fluid in both Xpert MTB/RIF and culture [65].

A recent Cochrane review which included the above study demonstrated the low
sensitivity for pleural tissue using Xpert MTB/RIF with a sensitivity of 30.5% with
a specificity of 97.4% against culture [56].

From the evidence above, sputum samples should be sent regardless of the chest
imaging. Thoracoscopic pleural biopsies are the most likely to yield a microbiologi-
cal culture diagnosis of TB hence results of drug sensitivities, and when pleural
biopsies are taken, they should be sent for both histological examination and culture
to maximise the diagnostic rate. In resource limited areas with high incidence of
TB, percutaneous needle biopsy may be more cost effective as an initial diagnostic
test. Molecular tests have a variable sensitivity and specificity, and their use in clini-
cal practice remains unclear.

Intrathoracic Mediastinal TB

TB lymphadenopathy is the commonest cause of EPTB. In England in 2018 there
were 958 cases of extrathoracic and 575 cases of intrathoracic lymph node TB mak-
ing up over 30% of the TB cases [30]. In countries with low TB prevalence, most
TB lymphadenopathy tends to be in non-native residents or in immunosuppressed
patients [66].

The pathophysiology of TB lymphadenitis is through haematogenous spread fol-
lowing primary TB, local extension from tuberculous infection or spread through
the lymphatic system. From the regional nodes, this can continue to spread via the
lymphatic system to the other and more peripheral nodes [67].

Clinical Presentation of Mediastinal TB

The clinical presentation of TB lymphadenitis depends on the area of lymph node
involved. Lymph nodes are usually chronic and seldom acutely inflamed differenti-
ating them from acute viral or bacterial infections. Cervical nodes are the
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commonest and present in two thirds of TB adenitis [66] but other sites include
submandibular, supraclavicular, intra-abdominal and intrathoracic nodes.
Intrathoracic nodes are usually asymptomatic and are found incidentally on imag-
ing. If the nodes are significantly enlarged, they can affect adjacent organs for exam-
ple collapsing a lobe of the lung from obstruction or compressing the oesophagus
causing dysphagia. If the nodes erode into adjacent organs, then more severe symp-
toms may be present such as aspiration pneumonia in the case of oesophageal fistu-
lation. Other symptoms are those of general TB with systemic symptoms.

Diagnostic Approach
Imaging

Intrathoracic lymphadenopathy in TB usually presents as unilateral right sided para-
tracheal and hilar nodes but bilateral hilar enlargement can also be seen with the
differential diagnoses including sarcoidosis, lymphoma and silicosis. Enlarged
intrathoracic lymph nodes can be visualised on simple CXRs but CT is the preferred
imaging modality allowing for characterisation of the nodes and a more accurate
mapping of abnormal lymph nodes providing information for potential diagnos-
tic access.

Intrathoracic lymph nodes with a diameter greater than 2 cm with an area of
central low attenuation on contrast CT scans is suggestive of caseating TB necrosis
[68]. The prevalence of adenopathy decreases with age hence the pattern of radio-
logical findings alters with age. Intrathoracic lymphadenopathy is one of the most
common manifestations of primary disease in children, and present in 44% of all
paediatric presentations in a low incidence country [69].

Fujiwara et al. proposed a classification system to define lymph node character-
istics using EBUS looking at size in both the long axis and short axis, shape (oval or
round), margins (distinct with >50% of the margin visible or indistinct with <50%
of margin visible), echogenicity (homogenous or heterogeneous), central hilar
structures and presence or absence of central necrosis [70]. In TB lymphadenitis
heterogeneous echotexture and central necrosis are characteristic features.

Endobronchial Ultrasound Guided Transbronchial Needle Aspiration
(EBUS-TBNA)

Unlike peripheral lymphadenopathy where a simple needle aspiration is possible,
diagnosing intrathoracic lymphadenitis is more challenging. Endobronchial ultra-
sound guided transbronchial needle aspiration (EBUS-TBNA) has become the stan-
dard of care for diagnosing intrathoracic TB. Compared to a mediastinoscopy, a
surgical approach to obtaining biopsies through a 2—3 cm incision above the supra-
sternal notch under general anaesthesia, EBUS-TBNA is less invasive and can sam-
ple nodes which are commonly affected by TB lymphadenitis [71] (Fig. 15).
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Lymph node station

Station 2 L/R Upper Paratracheal
Station 4 L/R Lower Paratracheal
Station 7 Subcarinal

Station 10 L/R Hilar

Station 11 L/R Interlobar

Fig. 15 Map of lymph node stations accessible by EBUS

Fig. 16 EBUS scope tip
with a water filled balloon,
needle port and US probe

EBUS-TBNA uses a curved array US transducer to visualise mediastinal and
hilar lymph nodes endobronchially and perform real time lymph node biopsies
(Fig. 16). It has been used safely in adults for diagnosing a range of pathologies
including lung cancer, sarcoid and TB and forms part of many adult diagnostic
algorithms. It is a similar procedure to bronchoscopy and is performed under con-
scious sedation. An endo-bronchoscope with 19-22 gauge transbronchial aspiration
needle is used to obtain TBNA samples. Nodal sampling is from areas of enlarged
mediastinal nodes measuring >5 mm. The number of passes at each station often
depends on the rapid on-site evaluation (ROSE) when available. If the rapid on-site
evaluation is consistent with TB, further samples are taken and sent for TB PCR,
smear and culture. Figure 17 shows a CT of a patient with enlarged station 4R and
7 nodes and the endobronchial US view of the enlarged node at station 7.

AFB smear microscopy has a variable sensitivity from 5 to 35% [66, 72].
Histology showing granulomas with or without caseation may be helpful in the
diagnosis of TB lymphadenitis.

Dhasmana et al. looked into Xpert MTB/RIF in 116 patients in the diagnosis of
mediastinal lymphadenopathy by EBUS-TNBA. A single Xpert MTB/RIF assay
showed an overall sensitivity of 72.6%. Xpert MTB/RIF was consistent with all
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Fig. 17 Right and Middle: CT Image showing enlarged 4R and 7 necrotic nodes, Right; endo-
bronchial US view—needling of station 7 node

Imaging Specimen Routine Test Additional Test
Adults CXR 3 respiratory samples: Microscopy Molecular
Suspected Pulmonary SRS * Spontaneously Culture (Xpert/Xpert Ultra)
TB * Deep cough Histology
¢ Induced sputum Urinary LAM in HIV
« BAL infected patients

with CD4<100cells/ul

Children (<15 age) CXR 3 respiratory samples: Microscopy Interferon-gamma
Suspected Pulmonary CT chest * Spontaneously Culture release assay and/or
B * Deep cough Histology Tuberculin Skin Test
¢ Induced sputum
« BAL

¢ Gastric washing
* Nasopharyngeal aspirate

Suspected Pleural TB  [E24] 3 respiratory samples: Microscopy ADA on pleural fluid
CT chest « Spontaneously Culture

* Deep cough Histology/Cytology

¢ Induced sputum

« BAL

Pleural Biopsy

Pleural Fluid
Suspected CXR Mediastinal Biopsy Microscopy Molecular
Mediastinal TB MRI EBUS-TBNA Culture (Xpert/Xpert Ultra)

Histology/Cytology

Fig. 18 Summary of investigations for suspected pulmonary, pleural and mediastinal TB (based
on NICE/BTS guidelines)

positive microscopy cases and 67.6% of the microscopy negative cases. The use of
Xpert MTB/RIF with cytology increased the sensitivity to 96.6% [73].

With patient selection, experienced bronchoscopists and ROSE to confirm ade-
quate sampling, a high diagnostic rate can be achieved in diagnosing medias-
tinal TB.

In this chapter, the clinical presentation and the diagnostic approach for pulmo-
nary, pleural and mediastinal TB have been discussed. A diagnostic summary, which
are based on current guidelines, are shown below in Fig. 18.
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Extra Pulmonary Lymph Node, Abdominal
and Pericardial Tuberculosis

Martin Dedicoat

Extra Pulmonary Lymph Node Tuberculosis

Extra pulmonary lymph node tuberculosis (TB) has been described for many centu-
ries. The most visible form of the disease cervical lymphadenitis, previously known
as scrofula, can have a chronic relapsing and remitting cause where enlarged lymph
nodes develop and resolve spontaneously. In some cases, the nodes discharge and
form chronic sinuses. The fact that some cases of cervical lymph node TB spontane-
ously heal lead to the widespread belief of the royal touch or the ‘Kings Evil’, where
monarchs from the middle ages would touch patients with scrofula with cure
observed in some cases [1].

Epidemiology

After pulmonary TB, extra thoracic lymph node TB is the most common manifesta-
tion of the disease. In England extra thoracic lymph node TB makes up 20% of all
TB cases [2]. This proportion varies between populations and settings. TB lymph-
adenitis is a common presentation in patients born overseas who immigrate to low
TB incidence settings. These patients typically present with disease several years
after immigration and after a longer interval than those who present with pulmonary
disease [3]. HIV infected patients frequently have lymph node involvement when
they present with TB infection, often concomitantly with pulmonary disease.
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Clinical Features

Clinical features depend on the stage of disease and the patient’s immune status. In
immunocompetent individuals the most common site of TB lymphadenopathy is
cervical, with most cases being in the anterior triangle (Fig. 1). Around 75% of
cases are cervical, but TB can involve any lymph node site in the body. Often
patients present with a single enlarged node that is non tender. These nodes may
progress from solid in nature to fluctuant. Late presentation may include nodes that
have indurated skin over them or have developed a sinus with discharge. In immu-
nocompromised individuals especially those with advanced HIV infection there
maybe multiple nodes and multiple areas involved, also the mycobacterial burden in
the nodes tends to be higher with aspirated pus samples being smear positive. Also
HIV infected patients are more likely to have concomitant pulmonary TB and dis-
seminated TB.

Constitutional symptoms such as fever, night sweats and weight loss are not
common in lymph node TB. HIV infected patients are more likely to have constitu-
tional symptoms and are also more likely to have disseminated disease. In patients
found to have cervical TB lymphadenitis it is always worth searching for disease at
other sites. As many as 25% of TB lymphadenitis patients have been found to have
an abnormal x-ray and may have pulmonary disease. This is of particular impor-
tance with regard to contact tracing [4].

Fig. 1 A 28-year-old lady
with bilateral lymph node
enlargement. Biopsy
showed caseating
granulomas. Culture grew
fully sensitive
Mycobacterium
tuberculosis
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Diagnosis

Enlarged lymph nodes have a wide differential and hence both cytological/histo-
logical and microbiological assessment are essential for diagnosis. Imaging can be
useful, TB infected lymph nodes go through several appearances from being simply
enlarged, to a loss of normal architecture to appearing necrotic. These changes can
be detected on ultrasound and computer tomography but none are specific for TB [5,
6]. Although these findings can suggest tuberculosis, especially when lymph nodes
with necrotic centres are seen, none are specific for TB and microbiological confir-
mation of diagnosis is required. Empirical treatment without biopsy is not recom-
mended in view of the wide range of possible diagnoses. Fine needle aspiration
(FNA) may be useful although diagnostic yield can be low. Fluctuant or necrotic
nodes can be aspirated for microscopy and culture. A polymerase chain reaction
(PCR) test on the FNA or aspirate sample should be requested as well as smear and
culture. This can give a rapid result as to the presence of Mycobacterium tuberculo-
sis DNA and can give an indication if rifampicin resistance is present or not. TB
PCR on lymph node samples utilising Xpert MTB/RIF has been shown to have a
specificity of 74% (95% CI 69-79%) and sensitivity of 78% (95% CI 74-82%) for
diagnosing TB from lymph node FNA compared to culture [7]. Excision biopsy
provides the optimal amount of material for definitive histopathology examination
and mycobacterial culture but is not always available and can introduce delays in
diagnosis. A core biopsy is a good option having a higher diagnostic yield than FNA
but being less invasive and often easier to access than a formal excision biopsy [5, 8].

Treatment

Treatment of fully sensitive lymph node TB is with standard quadruple therapy for
6 months and has been shown to be effective in several clinical trials [9] (see treat-
ment chapter “TB Treatment and Complications”). There is little indication for
extending therapy beyond 6 months but this commonly happens as clinicians con-
tinue therapy when residual lymph nodes are still palpable after 6 months therapy
[10]. Paradoxical upgrading reactions where lymph nodes become bigger and new
nodes appear whilst the patient is taking TB treatment or sometimes afterwards are
not uncommon. This phenomenon was described before the advent of the HIV epi-
demic and may be due to the patients clinical condition improving as ATT com-
mences leading to an increased immunological response. In HIV infected patients
starting antiretroviral therapy with ATT especially if their baseline CD4 count is low
frequently experience enlargement of their lymph nodes, known as immune recon-
stitution inflammatory syndrome, which can frequently be prolonged and over a
year in some cases [11]. In HIV uninfected patients risk factors for upgrading reac-
tions include younger age, acid fast bacilli seen in the sample, low lymphocyte
count and the use of vitamin D supplements [12]. It may be prudent in some cases



56 M. Dedicoat

to delay the use of vitamin D supplements at the start of ATT to prevent paradoxical
enlargement of nodes. In HIV uninfected patients a large case series found 23% of
patients developed paradoxical enlargement of lymph nodes a median of 46 days
(interquartile range 21-139 days) after starting ATT. The nodes persisted for a
median of 67.5 days (interquartile range 34—111 days) [13]. Although frequently
used, steroids have not been shown definitively to be useful in managing these reac-
tions but aspiration of fluctuant nodes maybe beneficial. If nodes appear or enlarge
towards the end of a of a non-HIV patient’s course of ATT, this is not an indication
in itself to extend therapy. Compliance with therapy should be checked as well as
the original sensitivity pattern. If there are concerns about treatment failure a repeat
biopsy or aspiration sample should be obtained for mycobacterial culture before
extension of treatment or retreatment is considered.

Abdominal Tuberculosis

Introduction

Abdominal tuberculosis or TB of the gastrointestinal tract can involve any part of
the digestive system from mouth to anus and any intrabdominal organ. Abdominal
TB makes up around 10% of all cases of TB [14]. It is commonly part of dissemi-
nated TB and more common amongst HIV infected patients. Concomitant pulmo-
nary tuberculosis is common and occurs in around 25% of cases of abdominal TB
and should always be looked for to establish if the patient is infectious and may also
identify more accessible sites for taking diagnostic samples.

Clinical Features

Clinical features will be dependent on the site of disease in abdominal TB. The main
sites of disease are peritoneal, intestinal and visceral organs, which are described
separately below. Systemic features of fever (90%), weight loss (82%) and abdomi-
nal pain (88%) are frequently present and can help differentiate abdominal TB from
other causes of abdominal disease [15].

Peritoneal Tuberculosis

Peritoneal TB is the most frequent manifestation of abdominal TB. MTB infects the
peritoneal space and peritoneum from the reactivation of infection in a granuloma,
direct spread from the bowel or as part of disseminated disease. Patients will usually
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Fig. 2 Laparoscopic
appearance of a patient
with peritoneal
tuberculosis and ascites.
Ascitic culture grew
Mycobacterium
tuberculosis

have fever, weight loss, and abdominal discomfort. Peritoneal infection usually
leads to the development of ascites which may cause abdominal distension and pain.
Presentation initially may be as a fever of unknown origin. Imaging may reveal
ascites, thickened peritoneum, thickened omentum and intrabdominal lymphade-
nopathy. Diagnosis is made by aspiration and culture of ascitic fluid. This can be
performed by needle aspiration or laparoscopy with peritoneal biopsy. Histology
showing granulomas with caseation is very suggestive of peritoneal TB and Fig. 2
shows a laparoscopic view of a patient with peritoneal TB. Aspirated ascites will
have a raised lymphocyte count and the serum:ascites albumen ratio will be <1.1 g/
dL. A definitive diagnosis is made by TB culture but direct nucleic acid detection
has been used but lacks high sensitivity [16]. Raised adenosine deaminase (ADA)
can be useful in differentiating TB peritonitis from other causes of ascites, a recent
meta analysis found ADA had a sensitivity of 93% and a specificity of 94%, for
ascites being due to TB [17].

In more advanced cases of peritoneal TB ascites may disappear leaving a fibrosed
omentum and mesentery which clinically manifests as a ‘doughy’ abdomen, this is
very uncommon. Risk factors associated with peritoneal TB from a series of patients
in China include cirrhosis, continuous ambulatory peritoneal dialysis, diabetes,
malignancy, steroids and HIV infection [18].

Intestinal Tuberculosis

Intestinal TB may present with non-specific generalised signs and symptoms of
fever, night sweats, weight loss and anorexia. However it can present with abdomi-
nal pain, diarrhoea (which may be bloody), constipation and signs of obstruction.
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These signs and symptoms are difficult to differentiate from other abdominal pathol-
ogy such as malignancy and inflammatory bowel disease.

Around three quarters of cases of intestinal TB affect the jejunum, ileum or cae-
cum. The most frequent site of intestinal TB is the ileocecal junction and a mass
may be felt in this area [19]. TB causes ulceration of the bowel mucosa followed by
healing with stricture formation and this pathology is responsible for the symptoms
experienced. The parts of the bowel more preferentially affected are those rich in
lymphoid tissue such as the Peyers patches in the small intestine, this may also be
the reason that the ileocecal junction is commonly affected.

Any part of the gastrointestinal tract can be affected by TB. Uncommon sites are
the oesophagus where patients may present with dysphagia and haematemesis.
Imaging may reveal a mediastinal mass, endoscopy may show bleeding ulcerated
lesions as are seen with malignancy. Diagnosis is made by biopsy. Complications
include catastrophic bleeding and post treatment stricture [20]. Gastric TB is also
very unusual and may present as a bleeding ulcerated lesion, pyloric obstruction or
as a more widespread infiltrate mimicking linitus plastica [21-23]. Duodenal TB
usually affects the third part of the duodenum and usually presents with signs of
obstruction which maybe intrinsic or due to external pressure from enlarged lymph
nodes, it may present as bleeding which may be catastrophic and involve fistulation
into major vessels including the aorta, or rarely perforation [24, 25]. Rectal TB may
present with blood in the stools, mucosal ulcers may be present which extend to the
anal region. Perianal disease is not common with tuberculosis and is more common
in Crohns disease.

Diagnosis

Diagnosis of intestinal TB may be suspected from the clinical presentation if con-
stitutional symptoms are present. Computer tomographic imaging may reveal thick-
ening of affected areas of bowel, most commonly in the ileocecal region. Several
regions of thickening may be seen with evidence of partial of complete obstruction.
Associated findings include local lymphadenopathy often with the nodes showing
necrotic centres, para aortic adenopathy, peritoneal and omental thickening, ascites
and splenic lesions. Colonoscopy is useful to establish a histological diagnosis if the
lesions of interest are accessible. Findings include a patulous ileocecal value, trans-
verse ulcers, skip lesions, nodules and strictures. These findings support the diagno-
sis of TB but do not definitively differentiate it from other diseases such as
inflammatory bowel disease or cancer [26]. Peritoneal biopsy can be done via lapa-
roscopy (see Fig. 3). Biopsy of lesions should be deep as changes due to TB occur
into the submucosa. Granulomas with caseation are characteristic. Culture of biopsy
specimens for mycobacteria should be undertaken. PCR analysis of biopsy speci-
mens for mycobacterial DNA can be useful but has low sensitivity [27].
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Differentiating Intestinal Tuberculosis from Crohn’s Disease

Even in settings with access to all diagnostic modalities differentiating intestinal TB
from Crohn’s disease can be a challenge. There are a number of features that differ
between the conditions namely clinically namely diarrhoea, blood in the stool and
perianal disease are more common in Crohn’s disease whereas fever and night
sweats are more common in TB. Also concomitant pulmonary TB may support the
diagnosis of intestinal TB, but all the features mentioned above can occur in both
diseases. Imaging can help differentiate the two conditions. An Indian study found
that computerised tomographic features show the involvement of the ileocecal area
(70% for TB vs. 43% for Crohn’s Disease), a shorter length of involvement, and
presence of lymph nodes larger than 1 cm (20% for TB vs. 2% for Crohn’s Disease)
were more common in TB [28]. Skip lesions and left sided colonic involvement are
more common in Crohn’s disease. Endoscopic features mirror radiological findings
to some extent but also include transverse ulcers and patulous ileocecal valve with
disease crossing the ileocecal value being more common in intestinal TB. In Crohn’s
disease longitudinal ulcers, aphthous ulcers and cobble stoning are more frequently
seen. Histology of intestinal biopsies show chronic granulomatous inflammation in
both diseases. Granulomas tend to be smaller in Crohn’s disease with caseation and
larger granulomas being exclusive to TB. Also the finding of granulomas in sur-
rounding lymph nodes indicates TB.

Intestinal TB is a paucibacillary disease but the demonstration of acid fast bacilli
on staining or culture of Mycobacterium tuberculosis from biopsy samples prove
the diagnosis. Because of this uncertainty models using a variety of features have
been developed a recent Bayesian model found that using a variety of features
including the presence of fever, night sweats, lung involvement, and ascites; trans-
verse ulcers, patulous ileocecal valve, caecal involvement; and a positive interferon-y
release assay and pathological findings then intestinal TB could be predicted with a
sensitivity 91% of and specificity of 93% [29].

Often despite the above features it is not possible to differentiate the two condi-
tions in which case a trial of ATT may be indicated with follow up imaging and
endoscopy after several months to see if the previously seen lesions have resolved.

Hepatobiliary Tuberculosis

Involvement of the hepatobiliary system is not a common manifestation of extrapul-
monary TB. The liver may be involved as part of miliary or disseminated infection,
hepatic hilar lymph nodes may develop focal infection along with the surrounding
liver tissue that may develop into an abscess. Granulomas in the liver can develop
into tuberculomas. Also isolated infection of the gallbladder can occur. In HIV
infected patients hepatic TB can develop as part of disseminated infection. A case
series from South Africa of HIV infected patients with histologically proven hepatic
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TB found 75% of the patients had concomitant pulmonary TB, this finding had
previously been reported in HIV negative patients [30, 31].

The presentation of hepatic TB includes hepatomegaly (70-96%), systematic
symptoms (fever, anorexia, weight loss) (55-90%), right upper quadrant pain
(65-87%), splenomegaly (25-55%) and jaundice (20-35%) [32]. Jaundice is usu-
ally the result of portahepatis node involvement or rarely cholangitis. Biochemical
results reflect biliary obstruction with raised alkaline phosphatase.

Diagnosis may be suggested by the presence of TB elsewhere. Imaging findings
are not usually specific for TB, ultrasound may show hypoechoic lesions and CT
scan may reveal non enhancing low density lesions. Liver biopsies demonstrating
caseating granulomas with acid fast bacilli support the diagnosis of TB and differ-
entiates TB from the granulomas seen in sarcoidosis and Hodgkins lymphoma.
Liver biopsies should be submitted for TB culture if this is in the differential diag-
nosis. Demonstration of Mycobacterium tuberculosis DNA by PCR or culture of
MTB confirm the diagnosis.

Pancreatic Tuberculosis

Tuberculosis of the pancreas is not common but is an important and curable differ-
ential diagnosis of a pancreatic mass that can be mistaken for pancreatic cancer.
Clinical symptoms can be non-specific but include abdominal pain, fever, weight
loss, night sweats, backache and jaundice. Examination may reveal a palpable
abdominal mass and jaundice if the mass causes biliary obstruction [33, 34].
Pancreatic TB is often associated with TB at other sites. Imaging will reveal a pan-
creatic mass which is hypodense often with associated enlarged lymph nodes [33].
Diagnosis requires histologic and microbiologic confirmation, this can often be
achieved using endoscopic ultrasound guided biopsy [35] but ultrasound and com-
puter tomographic guided biopsy can also be used.

Treatment

Treatment of all sites of gastrointestinal TB is with standard quadruple ATT for
6 months. Some have advocated that abdominal TB should be treated for 9 months
to reduce relapse but a recent Cochrane review found that although the evidence
available for analysis was relatively poor that there was no evidence that 6 months
of anti TB treatment was associated with a greater proportion of relapses compared
to 9 months treatment. This review did have some limitations and it is worth noting
that the trials assessed did not include HIV infected patients [36]. Treatment of
abdominal tuberculosis also includes management of any underlying conditions
such as concomitant liver disease, and attention to good nutrition. Surgical manage-
ment may be required for obstruction, strictures, fistula, perforation or bleeding.
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Fibrosis, scaring and distortion of the biliary tree can occur with hepatic tuberculo-
sis which may require surgical correction.

Pericardial Tuberculosis

Introduction

Pericardial tuberculosis is an uncommon manifestation of tuberculous disease, but
can frequently lead to the development of life limiting and fatal sequelae. In the UK
around 1% of reported TB cases affect the pericardium. The proportion of pericar-
dial effusions worldwide due to TB depends on the incidence of TB in the country
in question. In high TB incidence areas such as sub-Saharan Africa TB pericarditis
is the commonest cause of pericardial effusions [37]. Pericardial TB is more com-
mon in HIV infected patients and this has led to a rise in presentations in all settings.

The pericardium becomes infected by TB in three ways, via a haematogenous
route, via lymphatic spread or rarely by direct spread from a lung lesion.

Clinical Manifestations and Presentation

The clinical presentation of pericardial TB depends on the stage of disease. The
disease progresses through four phases and may present at any stage. Initially there
is an exudative effusion with is rich in polymorphonuclear cells, there are abundant
mycobacteria present and the effusion has fibrinous strands, these effusive phases
may lead to cardiac tamponade. Subsequently the effusion becomes lymphocytic
and paucibacillary, the effusion may then be absorbed and the pericardium develops
fibrosis. Finally, the thickened fibrosed pericardial layers contract and calcify, the

Fig. 3 Pericardial
Effusion in 25 year old
female patient. 900 mL of
fluid was aspirated from
this lady who presented
with signs of cardiac
tamponade. Her
haemodynamic status
rapidly improved after
pericardiocentesis
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non-compliant pericardium can impair the diastolic phase of the cardiac cycle.
Patients with the earlier stages of TB pericarditis are likely to present with constitu-
tional symptoms, possibly cardiac symptoms and signs whereas those in the later
stages of disease are likely to have cardiac symptoms and signs only. Presentation
can be divided in to three types, those of pericardial effusion, pericardial constric-
tion or a mixture of both.

Symptoms can be non-specific with fever, weight loss, night sweats, anorexia
and fatigue. More specific symptoms such as chest pain, cough, breathlessness and
right upper quadrant pain due to liver congestion may be present. Signs depend on
the stage of disease and can range from minimal signs to those of marked congestive
heart failure. For patients with pericardial effusion the most common signs are,
hepatomegaly (94%) increased cardiac dullness (94%), raised jugular venous pres-
sure (JVP) (84%), soft heart sounds (78%) sinus tachycardia (77%), ascites (73%)
and pulsus paradoxus (36%). When pericardial constriction has developed the most
common signs are raised JVP (100%), hepatomegaly (100%), peripheral oedema
(94%), ascites (89%), soft heart sounds (76%) and sinus tachycardia (70%) [38].
The risk of constrictive pericarditis following TB pericarditis varies and may be
modified by ATT but has been estimated to be around 32 cases per 1000-person
years [39].

Diagnosis

Diagnosis may be suspected clinically but can be overlooked especially in the early
stages of disease. Clinical findings of a pericardial effusion in the presence of sys-
temic symptoms or concomitant pulmonary or disseminated TB should raise suspi-
cion of pericardial TB. A chest x-ray may show an enlarged cardiac silhouette in the
case of a pericardial effusion or calcified pericardium in more advanced or previous
disease. The electrocardiogram will be abnormal in most cases with reduced voltage
complexes and non-specific ST changes. Classic ST elevation indicating pericardi-
tis occurs in only around 10% of cases [40].

Echocardiography will confirm the presence of pericardial fluid and is an essen-
tial part of diagnosis. Findings include pericardial effusion, thickened pericardium
and strands in the pericardial fluid. If there is pericardial constriction there will be
specific findings related to the haemodynamic changes caused by the non-compliant
pericardium. There may be distended hepatic veins and dilated inferior vena cava
that do not collapse with during inspiration. These findings may also be present with
cardiomyopathy. Echocardiographic signs specific for pericardial constriction are a
septal ‘bounce’ with initial movement of the intraventricular septum towards the left
ventricle during ventricular filing on inspiration, interventricular dependence and
marked respiratory variation during ventricular filling [41, 42].

If possible an attempt at sampling pericardial fluid should be made to enable a
microbiological diagnosis. In pericardial TB the fluid will be a lymphocytic exu-
date, but can contain polymorphonuclear leucocytes in early disease. Pericardial
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fluid should be sent for Ziehl-Neelsen (ZN) staining for mycobacteria and culture.
If available direct nucleic acid detection for mycobacterial DNA should be per-
formed. The commercially available GeneXpert system has been shown to be more
specific and sensitive for the diagnosis than ZN staining, and similar to culture of
pericardial fluid but far quicker giving a result after several hours. A study in Saudi
Arabia found GeneXpert to have a sensitivity on pericardial fluid of 84.3% and a
specificity of 99.1% [43]. Pericardial biopsy for microscopy and culture can be use-
ful and has a higher yield for TB culture but this is not widely available and is not
without risk.

Indirect methods of diagnosis such as tuberculin skin testing and interferon gamma
release assays when used in isolation are not routinely useful. Adenosine deaminase
(ADA) levels may be helpful if available. Sensitivity and specificity depend on the cut
off levels chosen. A systematic review and meta-analysis found ADA levels about
40 U/L to have a sensitivity of 88% and a specificity of 83% for pericardial TB [44].
A search for TB in other sites especially in the lung should be made as around a third
of patients may also have pulmonary TB and two thirds a pleural effusion.

The diagnosis of pericardial TB may be definitive where MTB is demonstrated
on culture. However a probable diagnosis can be made when there is suggestive
pericardial histology, a lymphocytic effusion with a raised ADA level or where there
is a pericardial effusion demonstrated on imaging with concomitant TB elsewhere
or in patients with a pericardial effusion that responds to ATT.

Treatment

Treatment of fully sensitive pericardial TB is with standard quadruple therapy
rifampicin, isoniazid, pyrazinamide and ethambutol for 2 months followed by
rifampicin and isoniazid for 4 months.

The use of adjunctive corticosteroids which has been standard for many years is
now controversial. A trial in South Africa in the 1980’s showed reduced mortality
and reduced pericardial constriction in patients given steroids with ATT for the first
11 weeks of treatment [45, 46]. Subsequent to this steroids have been given rou-
tinely as part of treatment for pericardial TB. These studies also emphasised the
importance of drainage of pericardial fluid. However in 2014 a large well-designed
trial which randomised 1400 adults, two thirds of whom had HIV infection to
receive 6 weeks of a tapering dose of prednisolone starting at 120 mg daily for the
first week compared to placebo found that a composite end point of death, cardiac
tamponade requiring pericardiocentesis or pericardial constriction was not different
between the intervention and control arms. Also, there was an excess of HIV related
cancer in the intervention group [47]. Since this trial, American Thoracic Society
Guidelines for the treatment of drug sensitive TB recommend the use of adjunctive
steroids only in selected cases of pericardial TB (Table 1) [48].
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Table 1 Possible indications Large pericardial effusion
for adjunctive corticosteroids
in the treatment of pericardial
tuberculosis

Raised inflammatory cells or markers in pericardial
fluid
Signs of early pericardial constriction

If a decision to use steroids is made, adults should be given 60 mg of predniso-
lone daily reducing the dose depending on response after 2 weeks and completing
weaning over the following 4 weeks.

Aspiration of pericardial fluid is necessary to confirm the diagnosis, but is also
therapeutic. Aspiration is indicated urgently if there are signs of cardiac tamponade,
such as hypotension, marked pulsus paradoxus or tachycardia. An echocardiogram
showing right ventricular collapse, atrial collapse and inferior vena cava plethora
are signs of pericardial tamponade.

Surgical pericardiectomy may be required if pericardial constriction develops.
This is less common with the advent of effective ATT but does still occur sometimes
as a first presentation. Pericardiectomy is a fairly risky procedure. Optimal timing is
controversial. It is indicated for patients with haemodynamic compromise despite
ATT. It is appropriate if possible to see if a patient improves initially on ATT but if
they still have haemodynamic compromise after 2 months, surgical intervention
should be offered [49].

Patients should be carefully followed up during treatment and for several months
afterwards. At follow up a focused clinical examination checking for signs of car-
diac tamponade and constriction should be performed. Repeated echocardiograms
should be performed if indicated to check for signs of fluid reaccumulating and the
development of constriction. If constriction is demonstrated close liaison with car-
diac surgeons is important to help determine if pericardiectomy is indicated and if
so to determine the optimal timing.
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Spinal and Bone Tuberculosis

Jonathan Bull and Veronica White

Introduction

Tuberculosis of the skeleton, TB osteomyelitis, makes up a small but significant
proportion of TB cases. Evidence of TB affecting the bone has been found in skel-
etons at many archaeological sites including in Egyptian mummies [1-4].

Diagnosis can be difficult and often occurs late in the patient’s presentation, but
the disease can cause significant morbidity due to these delays and the location of
the pathology. Patients with spinal disease may be left with significant post treat-
ment pain or neurology, paraplegic or even tetraplegic, depending on the site of the
infection. Those with TB of the joints or long bones can be left with deformity,
chronic pain or loss of range of movements.

Incidence

In 2018 it was estimated that there were ten million cases of TB worldwide, of
which seven million were notified to national TB programmes; only 15% of these
cases were reported as extra pulmonary, ranging from 8 to 24% depending on the
region; it is well recognised that this is due to under reporting as well as under diag-
nosis [4, 5]. The true incidence of TB osteomyelitis in developing countries is there-
fore likely to be similar if not more than European cases, particularly with HIV
co-infection [3, 4]. Active infection occurs in patients of all ages.

In England in 2018, 5-6% of TB cases were in the skeleton of which 3-4% were
in the spine giving a total of 147 cases of spinal TB and 90 non-spinal bony cases [5].
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The majority of patients were born in high risk countries and are likely to have
acquired their primary TB infection in earlier life [2, 4, 6-8]. Whilst the number of
cases was not enormous, morbidity from TB osteomyelitis can be considerable as
outlined above.

Aetiology

The TB bacillus is thought to reach the bones via the blood stream with haemato-
logical seeding, via rich vascular plexuses, including Batson’s paravertebral venous
plexus, that supply the spinal vertebrae [2]. Non-tuberculous mycobacterial infec-
tion is much less common, and is associated with previous injury or surgery, such as
joint arthroplasty [3]. There has recently been a series of cases of Mycobacterium
Chimera reported post cardiac surgery which has been found to be due to contami-
nation of cardiopulmonary bypass heater-cooler units [9]. Mycobacterium bovis
infection has been reported after intravesical Bacilli Calmette Guérin (BCG) ther-
apy and is also thought to be spread via the venous network that links the spine and
the pelvis [3, 10—12]. Multi-drug resistant tuberculosis (MDR TB) can also affect
any skeletal site and requires treatment with the same complex medication as pul-
monary MDR TB disease.

Spinal Tuberculosis

In the UK, Percival Pott first described spinal TB in 1779 and his name, Pott’s dis-
ease, is still used to describe the infection) [1, 2, 13]. This is not to be confused with
either Pott’s fracture or Pott’s puffy tumour which are a complex fracture of the
ankle and osteomyelitis of the frontal bone of the skull respectively [14, 15].

Presentation of spinal TB can be insidious, and is often, at least initially, misdi-
agnosed with outcomes being variable, and despite good antibiotic and sometimes
surgical treatment, can lead to long term disability.

Spinal TB tends to affect the vertebral bodies which have a rich vascular supply,
skipping the intervertebral discs and radiology showing disc sparing. Frequently it
affects more than one vertebra and if it is in adjacent vertebrae it may then involve
the intervertebral disc. It occurs at any level and can be multi-level but most com-
monly affects the thoracic and lumbar spine. It is therefore important to image the
whole of the spine at the time of diagnosis as lesions may be non-contiguous.
Vertebral involvement and infection can lead to bony destruction and vertebral col-
lapse which causes the typical anterior wedge fracture and wedging synonymous
with Pott’s disease (Fig. 1) [2, 4, 13]. Gibbus formation and kyphosis may also
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Fig. 1 MRI scan of
thoracic spine showing
gross destruction of
thoracic spine with wedge
fractures, a paraspinal
abscess causing marked
impingement on the spinal
canal and cord
compression

occur and can cause spinal cord compression and paraplegia. TB also affects the
sacroiliac joints where it can present as a unilateral osteomyelitis [3].

Skeletal TB does not occur in isolation; in a third cases of active TB can be found
elsewhere in the body. TB infection in the spine tends to travel along the subcostal
neurovascular bundle or in the venous drainage from the vertebrae, hence further
foci of infection are often found in the ribs, or the psoas or iliacus muscles, with a
third of cases also have associated unilateral or bilateral psoas abscess(es). A chest
x-ray is mandatory, but is often normal despite the lungs being the primary focus of
infection [2, 7, 16].

Occasionally patients present in outpatients with, for example, pulmonary or
lymph node TB and a gibbus will be found on examination; these patients need to
be investigated urgently for spinal TB [1].
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Presentation of Spinal TB

Most but not all patients with spinal TB present with back pain. About 50% of
patients will present with neurology such as lower limb weakness, paraesthesia, and
rarely bowel or bladder symptoms; 50% will also have at least one systemic symp-
toms of fever, night sweats and/or weight loss [2, 4, 8].

The difficultly in making the diagnosis arises due to back pain being a very com-
mon presentation in primary care. However, both patient and doctor often forget to
acknowledge the presence of systemic symptoms, which can help in making a
diagnosis.

Patient characteristics can be helpful, for example, born or lived in a high inci-
dence area of TB, but this is not always the case and often TB exposure will have
been many years if not decades before presentation.

Incidental diagnosis on a CT or MRI scan organised for other symptoms such as
abdominal pain is a common presentation. Occasionally patients with, for example,
pulmonary TB will be diagnosed and started on treatment, only to develop either
back pain or a superficial paraspinal abscess on TB treatment. It is only at this stage
that both patient and clinician are concerned about the spine and urgent investiga-
tions should be organised.

Disease in the cervical spine can present with neck and shoulder pain, brachial
plexus or radiculopathic symptoms. Patients can present via the Ear, Nose and
Throat specialists with dysphasia, hoarseness and dysphagia due to formation of a
retropharyngeal abscess (Fig. 2). If there is spinal cord compression at the cervical
spine level patients may complain of weakness and numbness of the upper and
lower limbs, progressing to tetraplegia. If there is any concern about the stability of
the cervical spine then the patient should be placed in a hard cervical orthosis
(Fig. 3).

Thoracic spine disease commonly presents with back pain, but also radicular
pain radiating anteriorly in a band like distribution to the chest wall; some patients

Fig. 2 MRI scan of
cervical spine with
evidence of a large
retropharyngeal abscess,
prevertebral collection and
destruction of the odontoid
peg; the patient presented
with neck pain and nasal
speech. The abscess was
drained surgically, the
patient placed in a halo
brace and treated for

TB. He made a full
neurological recovery
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Fig. 3 Cervical orthosis or
hard collar

will complain of epigastric pain which on investigation is due to referred pain. Cord
compression can lead to lower limb symptoms and can lead to paraplegia
(Figs. 4 and 5).

Patients with lumbo-sacral disease complain of lower back pain and difficult sit-
ting and rising from a chair. Sacroiliac joint infection can limit walking and present
with hip or buttock pain potentially leading to superficial skin abscesses.
Occasionally cauda equina syndrome can be as a consequence of TB and documen-
tation of bowel or bladder symptoms is essential.

Both thoracic and lumbar disease can be associated with a tracking of infection
through the subcutaneous tissues and abscess formation on the skin, which can
sometimes be the first sign of the disease. This can track to the skin surface can lead
to discharging sinuses (Fig. 6).

Infection at any of these sites can initially be asymptomatic, particularly when
limited to the vertebrae themselves; however, there is often formation paraspinal
abscesses, or cold abscess, which if they are adjacent to the spinal cord, can cause
signs and symptoms of upper or lower limb neurology and paraplegia, or if invading
the nerve root, radicular pain [1-3, 8].
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Fig. 4 31 year-old man
who presented with
intrascapular pain; CT scan
shows anterior lesions at
T3 and T4 (T4 is starting
to develop a classical
anterior wedge fracture)

Fig. 5 23 year-old woman
presented acutely with
weakness, numbness, pain
and needles in lower limbs;
MRI scan shows complete
destruction of T12
associated with an epidural
and prevertebral collection

Investigation of Spinal TB

J. Bull and V. White

MRI scans are now the imaging modality of choice and show areas of infection and
bone destruction in affected areas. T1-weighted images show a low signal and T2
weighted images a bright one. CT scans are useful when looking at the structure of
the bone and bony stability. Bone scans or skeletal scintigraphy assess bone
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Fig. 6 40 year-old man
presenting with lower back
pain and a fluctuant
abscess over his left gluteal
region. MRI shows a
presacral collection and
multi loculated abscess in
subcutaneous tissues

metabolism so can be used to assess whether there is an area of high bone turnover
that can occur with bacterial infection, TB or metastases; PET-CT scans can simi-
larly be used to look for evidence of multifocal infection [1, 3, 13].

Depending on the site of disease, radiological biopsy should be carried out to
send samples for histopathology, standard microbiology (MC&S), and acid-fast
bacilli (AFB). This can be done by CT guided biopsy or US scan guided biopsy,
depending on the site of disease. Occasionally open surgical biopsy is necessary,
either due to the difficult site of pathology or as part of surgical intervention to sta-
bilise the spine. Microbiology samples can include solid tissue and/or pus and
should be sent in a pathology pot dry or in saline solution; the microbiology teams
are unable to process samples sent in formalin as this kills any bacteria.

Histology samples may show classic caseating granuloma, although bone biop-
sies are often difficult to process in the laboratory as they need to be decalcified first.
Standard microbiology may reveal bacterial infection such as staphylococcus, par-
ticularly in patients who are immunocompromised. Occasionally spinal lesions
diagnosed as metastatic cancer on imaging only, are then found on biopsy to be
due to TB.

A chest x-ray should always be undertaken on presentation to rule out active
infectious pulmonary TB and if there are any concerns about lung infection the
patient should be appropriately isolated whilst in hospital and sputum samples sent
(see below).

Standard blood tests should be undertaken but are generally unhelpful at confirm-
ing a diagnosis: patients who have been unwell for some time may have a normo-
chromic, normocytic anaemia due to underlying infection or other pathology. The
ESR is often raised in bony disease, but a normal result does not rule out infection.
Similarly, a negative tuberculin skin test or IGRA (interferon gamma release assay—
T-spot or Quantiferon) should not steer the physician or surgeon away from the diag-
nosis when there is a high clinical and radiological suspicion given the insufficiently
high sensitivity of these tests. If patients present with multifocal lesions an immuno-
logical profile is useful to rule out a primary or acquired immunological defect.
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Differential Diagnosis

Alternative diagnoses include secondary metastatic cancers, primary malignancy
being much less common, and staphylococcus osteomyelitis, as outlined above;
non-tuberculous mycobacterium infection does occur, particularly in patients who
are immunosuppressed, for example post chemotherapy or HIV co-infection.

Presentation of Bone and Joint TB

Bone TB tends to occur in the larger joints such as the hip or knee and presents as a
monoarthritis (Fig. 7). Rarely it presents as a trochanteric bursitis. Symptoms
include joint pain swelling and loss of function, and is often misdiagnosed as being
caused by another cause of monoarthritis. It is most commonly caused by hae-
matogenous spread, but sometimes as the results of previous penetrating or non-
penetrating trauma, instrumentation or joint replacement. Systemic symptoms are
less common in bony TB which makes it more difficult to diagnose [3, 4, 17-19].
If the long bones are affected, the bone medulla tends to be infected first, unless
the infection is the results of trauma or previous instrumentation. As the infection
spreads, it can breach the bony cortex and spread along the subcutaneous fissure,

Fig. 7 MRI scan of knee
joint. Whilst there is no
obvious underlying
osteomyelitis of the bone,
there is an inflammatory
arthropathy associated with
a complex massive
synovial thickening with
joint fluid. Biopsy of the
synovium showed
granulomas and synovial
fluid grew MTB (courtesy
of Dr. Susan Cross)
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and lead to subcutaneous collections. Therefore, bony TB can be associated with a
chronic overlying a discharging sinus and when cutaneous TB is diagnosed in this
way, care should be taken to assess the underlying skeleton, preferably with MRI
imaging, to ensure that this is not an underlying associated osteomyelitis (Fig. 8).

Tuberculous dactylitis tends to occur in children and effects the tubular bones of
the hands or feet [19].

TB rarely occurs in prosthetic joints sometimes many years after the original
replacement. These patients may require surgical debridement and resection arthro-
plasty as well as standard TB therapy [3].

Fig. 8 Plain x-ray and
MRI of right ulnar: x-ray
shows mid shaft
osteomyelitis with bony
sclerosis and expansion.
The MRI shows cross
sectional imaging with
breaching of the cortex and
infection tracking through
the subcutaneous tissues
(courtesy of Dr. Susan
Cross)
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TB is occasional found in the sternum, often incidentally after a CT scan of the
chest to investigate the underlying parenchymal disease and can occur after ster-
notomy following cardiac surgery [4, 20]. Active infection is also seen in the cra-
nium and mastoids; when patients present with subcutaneous lesions the skull
vault or face, underlying TB osteomyelitis should be ruled out with appropriate
imaging.

Investigation of Bone and Joint TB

Plain x-ray can initially be helpful, but only if they are abnormal, and tends to
show soft tissue swelling, followed by osteopenia, periosteal bone thickening
and periarticular bone destruction. TB can also affect the tendon sheaths.
However, it is not unusual for plain films to look completely normal, only to find
multiple abnormalities on MRI (Fig. 9). Biopsies can be of the bone or synovium,
which can be done under radiological guidance and synovial fluid can also be
sent for MC&S and AFB, as well as cytology [4, 13]. Blood tests are as out-
lined above.

Differential Diagnosis

Rheumatoid arthritis, pyogenic infection, often cause by Staphylococcus aureus,
brucellosis, actinomycosis, candidiasis, histoplasmosis and fungal infection can all
mimic TB infection in the bone. Benign and malignant tumours such as enchondro-
mas, giant cell tumours and malignant metastases [4, 19] can also imitate TB.

Isolation Precautions

Most cases of spine and bone TB are not infectious. However, when patients pres-
ent, whether it be to an outpatient clinic or for admission to hospital, a chest x-ray
should be one of the first investigations to be undertaken once any concern about
neurological compromise is stabilised. The majority of patients will have a normal
chest x-ray, but where there is doubt or obvious signs of pulmonary TB, patients
should be isolated in a side room with appropriate infection control precautions.
Sputum should be sent urgently for AFB and the patient kept in isolation until three
negative sputa are processed. If there is concern about drug resistant TB, the patient
should be isolated in a negative pressure facility.
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Fig. 9 Plain x-ray and
MRI of the same patient’s
foot: the plain x-ray
appears normal but the
MRI shows florid changes
in distal tibia and
calcaneum—the sensitivity
is much better on MRI for
osteomyelitis and plain
x-rays should not be
trusted when the index of
clinical suspicion is high
(courtesy of Dr. Susan
Cross)
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Non-tuberculous Mycobacterium (NTM) and Multi Drug
Resistant TB (MDR TB)

Osteomyelitis due to other members of the mycobacterium family is rare. NTM is
more common in patients who are immunocompromised, after trauma or instru-
mentation. Depending on the organism, drug treatment can be more complex and
prolonged and should be undertaken by expert in looking after non-tuberculous
mycobacterium. MDR TB occurs in the bone at the same rate is pulmonary disease
i.e. about 1-2% of patients and should be managed in a designated MDR TB centre
[3, 10].

NTM can be found in replacement joints following surgery. Treatment may also
require debridement of the affect area and removal of the prosthesis. Mycobacterium
chimera has recent been found to cause infection in some patients post cardiac
bypass surgery and can also affect the sternum [9].

Poncet’s Disease

This refers to a painful polyarthropathy which can predate the diagnosis of active
tuberculosis by many months. Also described as ‘tuberculous rheumatism’ it is
thought to be caused by extra articular tuberculosis, most commonly active pulmo-
nary TB, and is a reactive arthritis rather than being due to direct infection of the
joints. It differs from active joint TB, which tends to be a monoarthritis, in that it
affects many joints, x-rays tend to be normal and aspiration of the joints shows a
sterile arthritis. It is thought to be caused by an immunological reaction. The symp-
toms settle once the underlying TB infection is treated [4, 19, 21, 22].

Treatment of TB Osteomyelitis

Both the British, American and WHO guidelines on management of TB recommend
6 months treatment for spinal and bone TB [23-25]. However, many specialists treat
spinal TB for 9—-12 months, sometimes times longer, partly due to concerns about
multi-level spinal involvement and also involvement of the central nervous system,
particularly when there is evidence of infection that is directly involving the spinal
cord [1]. Length of treatment can also be influenced by the greater availability of
MRI scans: clinicians use them to monitor progress, and when the site of infection
still appears to be active, there is a tendency to continue TB treatment. What is
unclear is at which point the infection resolves and the imaging is simply showing
residual inflammation that will settle over time. Treatment should be guided by
symptoms rather than imaging appearances.
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Particularly with spinal TB, patients should be warned that once they start treat-
ment, they should urgently report any changes in neurological symptoms. Similar to
lymph node TB, encapsulated TB infection in the spine tends to enlarge at the start
of TB treatment. Particularly if the infection is close to a nerve root or is part of a
para spinal abscess adjacent to the spinal cord, a very small increase in size of a TB
abscess can lead to progressive neurology and even lead to paraplegia which, if not
addressed urgently, can lead to permanent disability. If patients are in hospital at the
beginning of treatment, they should be told to report any new symptoms and exam-
ined neurologically on a daily basis; outpatients should be instructed to present to
the nearest Emergency department if concerned about new neurology.

There are no clear guidelines on the use of steroids in spinal or bony disease and
they should not be used routinely [13]. Steroids are rarely used in the treatment of
bone TB. However, in spinal disease where there are neurological symptoms on
presentation with spinal disease or when there is concern that an enclosed lesion
close to important neurological structures such as the spinal cord with impending
spinal cord compression, steroids may be started concomitantly with TB treatment
using either iv or oral dexamethasone or oral prednisolone. Again, there is no spe-
cific guidance on the length of course, and the dose of steroids generally has to be
doubled when rifampicin is used in the treatment regime. The authors would recom-
mend a decreasing dose over an 8—12 week period. Treatment with steroids is more
complex in patients with HIV who develop immune reconstitution syndrome (IRIS).

The side effects of steroids must be considered. Common effects include
increased appetite and weight gain, acne and skin striae, osteopenia and osteoporo-
sis. Patients should always be considered for bisphosphonates. Some patients
develop psychological side effects including depression and/or hypomania.
Clinicians should also consider a 9 am cortisol 2 weeks after finishing a prolonged
course of steroids to ensure that there is not prolonged adrenal suppression. Very
occasional patients can develop avascular necrosis of the hip as a result of high dose
steroid use.

A well recognised side effects of treatment with isoniazid is a peripheral neu-
ropathy, often presenting in a glove or stocking distribution. In patients with spinal
disease it can be difficult to conclude whether new neurological is due to drug side
effects or worsening burden of infection.

Non-pharmacological Treatment

Typically, it is possible to manage patients with spinal TB in a spinal brace, in part
to manage their pain and to prevent or diminish the chance of progressive deformity.
The risk of the deformity not only being cosmetic but also with a risk of long-term
pain. Braces can be used for lesions in all locations in the spine and images of cervi-
cal and thoraco-lumbar orthoses are illustrated (Figs. 3 and 10).

Occasionally large joints may require temporary support with a brace; in gener-
ally however, the patients should be encouraged to exercise and mobilise both to use
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Fig. 10 Thoraco-lumbar
orthosis or TLSO brace

the joint and encourage muscle strength in the surrounding structures. Physiotherapy
and hydrotherapy can be helpful in some patients and patients with healing spinal
infection should be encourage to attend Pilates classes and swim at least twice a week.

Diet and weight can also be important: any patient who has become immobile for
whatever reason, and particularly if they have been given a course of steroids, tend
to gain weight which puts further stress on the affected spine or joint. We also rec-
ommend the measurement of Vitamin D levels and appropriate replacement
when needed.

Surgical Intervention

Different approaches to the surgical management of spinal TB are, to some extent,
based on geography. This is particularly pertinent in developing countries with
access to health resources can be limited and is coincident with patients travelling
longer distances for their care. In such situations, the luxury of regular reviews of
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patients is not practical and a single definitive single treatment such as surgery is
undertaken [26, 27]. Surgical intervention with debridement and instrumentation
will reduce the burden on the patient and facilitates with an early return to their
home where TB chemotherapy can be continued without recourse to prolonged sur-
gical follow up.

In developed countries it is possible to regularly review patients and potentially
run a more conservative approach with TB chemotherapy using spinal orthosis and
regular imaging to assess for the development of deformity. If the patient is not
managing in terms of pain or signs and symptoms progress then timely surgical
intervention can be undertaken.

Indications for surgery are progressive deformity and pain that cannot be man-
aged with a brace and analgesia alone [28]. In patients that have neurological deficit
that is progressing then surgery is indicated although it can be possible to manage a
stable deficit with conservative treatment and this may improve as the patient
responds to TB chemotherapy.

Deformity (gibbus) may well need correction as it can lead to long term pain in
spite of TB typically resulting in fusion across the affected segments [28, 29].
Timing of surgery can be complex; experience in resource limited environments
suggests that even early surgery with instrumentation when the patient has had only
a very short course of treatment does not typically result in persistent infection. This
is in the context of extensive surgical debridement.

In general TB of the spine without neurological deficit can be managed conser-
vatively. Where surgery is considered a multidisciplinary approach can be helpful to
ensure all options are explored (Fig. 11).

The majority of long bone or joint TB is treated conservatively with antitubercu-
lous therapy. However, infection may lead to bony destruction and deformity which
may require debridement, joint replacement or reconstruction, the latter being gen-
erally recommended once TB treatment has been completed. However, surgery can
take place if necessary whilst the patient is on treatment. Mycobacterial infection in
prosthetic joints may require early debridement and removal of the prostheses
which is replaced whilst on treatment or once the infection is completely cleared.

Outcomes and Long-Term Morbidity

The outcome of spinal TB is partially dependent on the original site of the disease,
the degree of neurological involvement on presentation, any delay in diagnosis, as
well as success of treatment and motivation of the patient to engage in exercise
programmes. Aiding long term recovery can at least in the first instance be about
managing expectations. All patients should be warned at the beginning of treatment
that they may experience long term mild to moderate back pain, similar to many
patients with mechanic back pain who have not had the burden of an infective epi-
sode. As outlined above, physiotherapy and an incremental increase exercise can
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Fig. 11 48 year-old man with 9 months of neck pain who had initially presented to his emergency
department 4 months previously with the same neck pain (a) he was discharged with a diagnosis
of degenerate spondylosis. Represented with worsened neck pain CT (b) and MRI (¢) show com-
plete destruction of C7 vertebral body and partial destruction of C6 (note the two red arrows point-
ing to the spinous processes of C6 and C7) with retrolisthesis and canal compromise without
neurological deficit. He was initially fitted with a HALO brace and started on TB Chemotherapy.
After 2 weeks of treatment when it was felt that the disease burden had been reduced he underwent
an anterior and posterior fixation where the deformity was corrected. [Post OP x ray (d) and
MRI (e)]

often be the key to a successful pain-free recovery and should be discussed from the
initiation of treatment.

At least half of patients with spinal disease can be expected to make a complete
recovery, with or without intermittent back pain. Others may be left with long term
neurological sequelae such as foot drop, bladder instability, radicular pain or par-
aesthesia. At worse a very small percentage of patients may be left with either para-
plegia or tetraplegia as a result of TB infection. Patients with long bone and joint TB
can be left with bony deformities, limitation of movements and chronic pain.

Patients with long bone and joint TB can be left with bony deformities and limi-
tation of movements; joint infection may lead to bony destruction and deformity
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and which may require debridement, joint replacement or reconstruction in the
future, which are general recommended once TB treatment has been completed.
However, surgery can take place if necessary whilst the patient is on treatment.

Some patients continue to require multidisciplinary care with neurorehabilita-
tion, pain specialists, physiotherapy, occupational therapy and spinal or orthopaedic
specialists.
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Epidemiology

Tuberculosis (TB) disease of the central nervous system (CNS) is estimated to
affect approximately 100,000 people each year, representing only 1% of the total
number of TB cases worldwide [1]. However, CNS disease has the most unfavour-
able outcome resulting in death or severe disability in 50%. Even in high resource
settings, such as the United Kingdom, mortality is approximately 10% [2]. The two
main manifestations of CNS TB are TB meningitis and tuberculomas, space occu-
pying lesions within the brain parenchyma or spinal cord. CNS disease can occur as
an isolated manifestation of extra-pulmonary disease or associated with dissemi-
nated or miliary disease. As the latter is more common in children under 5 years and
immunocompromised adults, particularly with advanced HIV infection, so too is
TB meningitis.
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Pathogenesis

The pathogenesis of TB meningitis is well understood, largely from the detailed
histopathological studies of Arnold Rich and Howard McCordock in the 1930s [3].
During the initial dissemination of bacilli (prior to the development of an effective
acquired immune response) or as a part of disseminated miliary disease, small
tuberculous granuloma termed Rich foci may emerge within the brain parenchyma,
spinal cord or meninges following a vascular distribution. Rich foci that are super-
ficially located within subpial or subependymal regions and subsequently progress,
may extend into the subarachnoid space or ventricles resulting in meningitis. Foci
located deeper within the brain parenchyma that progress, may develop into space
occupying tuberculoma or abscesses [3, 4].

The inflammatory response accompanying meningeal involvement, results in the
development of a dense, proteinatious, cellular exudate typically accumulating over
the basal surface of the brain and the basal interpeduncular and supraseller cisterns,
due to cerebro-spinal fluid (CSF) flow patterns. This thick exudate may obstruct the
CSF flow resulting in hydrocephalus and raised intercranial pressure. In addition, it
can coat blood vessels of the vertebrobasilar system and circle of Willis at the base
of the brain with the inflammation resulting in vasculitis which may lead to isch-
aemia, infarction and stroke like syndromes [5].

Clinical Features

TB meningitis (TBM) in adults usually present sub-acutely, with symptoms usually
developing over greater than 5 days. Typical symptoms include, low-grade fever
(60-95%), headache (50-80%) and neck stiffness (40-80%) which may be accom-
panied by vomiting (30-60%). Anorexia or weight loss is present in 60-80%.
Confusion or a reduced Glasgow come score is present in 30-60%. Cranial nerve
palsies, as a result of direct involvement as cranial nerves as they exit the brainstem
within the inflammatory exudate or intercranial pressure, occur in 30-50% with VI,
VII and III nerves being most commonly involved. Other focal neurology such as
hemiparesis occurs either as a results if stroke-like symptoms resulting from vascu-
litis or mass effect from tuberculoma and are present in 10-20%. Seizures occur
uncommonly in adults and as part of presentation in 5% [5, 6]. Patient co-infected
with HIV presenting with TBM frequently have disseminated disease, however
their neurological presentation is not significantly different [7]. CD4 count at pre-
sentation is typically <150/mm?. In children the pace of disease is frequently more
accelerated, seizures are more common occurring in up to 50% and headache may
be less prominent.

Metabolic complications of TBM are also common in adults and children with
hyponatraemia occurring in 50% of cases. Hyponatraemia is usually accompanied
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by hypovolaemia and is attributed to cerebral salt wasting or a hyponatraemic natri-
uretic syndrome, the mechanism for which is incompletely understood. A syndrome
of inappropriate ADH secretion (STADH) however may also be present in some
individuals [8].

Patients with CNS TB presenting with meningitis, frequently also have tubercu-
loma identified by subsequent imaging. However, in patients with isolated CNS
tuberculoma, clinical presentation will depend on their anatomical location, size
and number. Symptoms are similar to other causes of space occupying lesion with
headache, focal neurology and seizures being common. Constitutional symptoms
such as fever and weight loss may also be present but are often minimal.

Prognosis

Overall prognosis and risk of death relates to conscious level which largely reflects
the presence of hydrocephalus or cerebral vasculitis. The modified British Medical
Research Council (MRC) criteria, initially developed for use in trials, remain a sim-
ple and useful clinical score classifying patients into three grades. Grade I patients
are alert with a Glasgow Coma Score (GCS) of 15 and no focal neurology. They
have a mortality of 15-20% (though this will be less in high resource settings).
Those in Grade II have focal neurology or a GCS of 10-14, with a mortality of
30-40%. Those in Grade III have GCS < 10 and a mortality of 50-75% (Table 1).
Patients co-infected with HIV typically have a worse outcome [5, 9].

Diagnosis

The key challenge with diagnosis of TBM relates to the paucibacillary nature of
disease. As a result, microbiological approaches to detect organisms are less sensi-
tive than, for example, in adult pulmonary disease. Given the high mortality of the
condition, empiric treatment is often initiated without or before microbiological
conformation, hence, a thorough clinical assessment remains important. In particu-
lar, factors that might affect the pre-test probability of TBM should be carefully
considered for example, recent exposure, travel to or migration from areas of high
TB incidence, evidence of TB disease at other sites and HIV co-infection.

Table 1 Prognosis of TB meningitis by modified British MRC grade

Modified British MRC grade | Criteria Mortality (%)

Grade 1 GCS 15; no focal neurological signs 15-20

Grade 11 GCS 11-14, or 15 with focal neurological 3040
signs

Grade III GCS <10 50-75
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CSF Examination

CSF examination remains the most important diagnostic intervention and should be
undertaken promptly if TBM is suspected. Given the paucibacillary nature of dis-
ease it is crucial that a large volume (ideally 8—10 mL) is taken for microbiological
evaluation as bacillary load in the CSF rarely exceeds 100-1000 colony forming
units (CFU)/mL [1, 10]. The opening pressure is typically raised and will be over
25 cm H,0 in 50% of cases [6]. The CSF is usually clear. Older literature suggests
a spiders web coagulum, due to fibrin fibres, may be visible within the CSF but this
is rarely seen and not specific to TBM. The CSF white cell count is usually elevated
with a lymphocyte predominance. CSF protein and lactate concentration can be
markedly raised and the CSF:serum glucose usually <50% (Table 2). However, no
specific cut-off can be used to rule-in or rule-out the disease. A number of clinical
scoring systems have been developed using features of patient demographics, clini-
cal presentation, initial blood tests and CSF cell count [6]. However, these clinical
scores perform poorly outside the settings in which they were derived and shouldn’t
be used in isolation to initiate or withhold treatment.

A number of microbiological investigation can be undertaken to help confirm the
diagnosis. Microscopy for acid fast bacilli by Ziehl Neelsen (ZN) staining generally
has a poor sensitivity, 10-20%, as direct visualisation is unlikely if the bacillary
concentration if less than 10,000 CFU/mL. As sensitivity is dependent on concen-
tration, when large volumes of CSF (>10 mL) are concentrated by centrifugation
prior to microscopy, sensitivity can be increased to 50%. The experience of the
microscopist and duration of time spent reviewing the slide have also be shown to
improve sensitivity [1].

Culturing the CSF in liquid media remains the gold standard investigation, how-
ever it is rarely positive prior to 10 days incubation and may take as long as 6 weeks.
The limit of detection is approximately 10 bacterial colonies/mL but sensitivity
remains around 80% against a clinical diagnosis of TBM, hence a negative culture
does not completely rule out the diagnosis [1].

Table 2 Comparison of CSF findings in TB, bacterial, viral and cryptococcal meningitis

TB Bacterial Viral Cryptococcal
CSF feature Normal meningitis | meningitis meningitis | meningitis
Opening <20 cmH,O T T Normal ™M
pressure
Appearance Clear Clear/cloudy | Turbid Clear Clear/cloudy
CSFWCC <5 cells/mm® | {p (lymph M (neut f (lymph M (lymph
predom) predom) predom) predom)
CSF protein 0.15-0.45 g/L | My ™M T ®
CSF lactate 1-2.4 mmol/L | f ™M Normal T
CSF glucose >0.6 YU YU Normal U
CSF:serum
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The Xpert MTB/RIF assay (Cepheid, Sunnyvale, CA, USA) is a rapid, auto-
mated, nucleic acid amplification test (NAAT) principally developed for the initial
diagnosis of pulmonary TB from sputum and evaluation of rifampicin resistance.
Sample processing is minimal with results available within 2-3 h, a similar time-
frame as smear microscopy. It has subsequently be validated and approved for use
in other sample types such as CSF [11]. The limit of detection of the standard Xpert
assay is approximately 114 CFU/mL and in comparison to CSF culture as gold
standard sensitivity and specificity are 80% and 99% respectively [11]. Recently,
the Xpert MTB RIF Ultra assay has been developed incorporating two different
multi-copy amplification targets (IS6110 and IS1081) and a larger DNA reaction
chamber which has further reduced limit of detection to 16 CFU/mL and further
increased the sensitivity to 95% [12]. CSF interferon gamma release assay and ade-
nosine deaminase do not play a useful role clinically in the diagnosis of TBM owing
to poor specificity [1].

Diagnostic Imaging

Imaging of brain, spine and lung play an important role in the assessment of patients
with TBM. Gadolinium enhanced MRI brain has greater sensitivity for abnormali-
ties over contrast CT, however 15% of those in early stages of TBM (MRC grade 1)
will still have a normal MRI [1]. Common findings on brain imaging are basal
meningeal enhancement, hydrocephalus, infarction (with diffusion weighted MRI
increasing sensitivity to detect early areas of ischaemia) and tuberculoma. Patients
with TBM frequently have spinal cord lesions which are easy missed unless an MRI
whole spine is undertaken. A chest radiograph of all patients with suspected TBM
should be undertaken to assess for evidence of pulmonary or miliary disease, which
may be helpful both diagnostically and have implication for infection control and
patient isolation. All those with abnormal chest imaging should have sputum inves-
tigation attempted though the CXR is normal in 50% [1]. Further cross sectional
imaging of the chest abdomen and pelvis may also be useful to identify sites of extra
CNS disease and enable sampling elsewhere to confirm or increase the yield of
microbiological testing.

Differential Diagnosis

Other infectious causes of a subacute lymphocytic meningitis include cryptococcus
(the most important differential in HIV infected individuals), viral infection, Lyme
disease, syphillis, partially treated bacterial meningitis, other fungal infection and
brucella (Table 3). Investigation should be guided by exposure history and risk fac-
tors, though all patients should ideally have CSF cryptococcal antigen (CRAG) test-
ing, viral PCR and routine microscopy, culture and sensitivity (MC&S) as a minimum.
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Table 3 Differential diagnosis for subacute lymphocytic meningitis with supportive features
highlighted

Condition Supportive features

TB History of TB contact, history of living in a high TB burden country, HIV
co-infection

Cryptococcal Very high opening pressure, HIV co-infection (low CD4 count), positive
cryptococcal antigen tests (CRAG)

Syphilis Risk factors of acquisition, HIV co-infection, positive syphilis serology

Lyme History of tick bite or erythema chronicum migrans, 7th nerve palsy,
positive Lyme serology

Partially treated Acute presentation with recent antibiotic use

bacterial

Brucella Ingestion of unpasteurised milk/cheese or uncooked animal product from

a Brucella endemic country

Drugs for Treatment of CNS Tuberculosis

The drugs recommended for treatment of CNS TB are often the same as for non-CNS
TB (see Chap. 14 ‘TB Treatment and Complications’), although there are few high
quality studies exploring alternative treatments and dosing. Many clinicians use
higher doses than those recommended in guidelines, informed by an understanding
of drug levels in the CSFE. There is limited data that this benefits clinical outcomes but
this is an area of active research.

First Line TB Drugs in the Treatment of TB Meningitis

Isoniazid is a key drug for treatment of CNS disease with good penetration of the
blood brain barrier and bacteriocidal activity. It is arguably the most important of
the first-line TB therapies in treating TB meningitis. Rifampicin, a key drug for
treatment of non-CNS disease does not penetrate the CSF as well. There is some
evidence that higher doses of intravenous therapy (and higher CSF levels) are asso-
ciated with improvement mortality [13] but in a much larger study comparing 15/
mg/kg orally (with levofloxacin) to 10 mg/kg, no benefit on mortality was seen [14].

Ethambutol does not cross the blood brain barrier well, even when it is inflamed.
It is likely to have minimal activity in the setting of sensitive disease but is still rec-
ommended in some guidelines while the question of the best alternative “4th drug”
to ethambutol remains debated. The respiratory fluoroquinolones (moxifloxacin or
levofloxacin) are commonly used alternatives.

When second line TB treatment is used, either because of first line treatment toxic-
ity and/or presence of drug resistance, it is important that the regimen chosen is con-
sidered with regard to CNS penetration. The principles of MDR treatment are
discussed chapter “Therapeutic Drug Monitoring in Tuberculosis™ but second line
drugs that penetrate the CNS well include protionamide, amikacin and cycloserine
(see Chap. 16 “Therapeutic Drug Monitoring in Tuberculosis’). Bedaquiline is thought
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to have poor CNS penetration and there is little data for delamanid. Newer methods of
measuring drug penetration may help to define dosing more accurately in future.

Duration of Treatment for TB Meningitis

Although some guidelines suggest 9 months of therapy may be sufficient for TB
meningitis [15], 12 months is usually recommended; 2 months induction with at
least four drugs (RHZE/RHZM) and 10 months of maintenance with RH. As with
many recommendations on duration of therapy, these need to be interpreted in the
context of an individual patient, their response to treatment, toxicity and adherence.
There is rarely any role for imaging in decision on duration of treatment for TBM,
but repeated imaging may be helpful in patients whose symptoms persist or worsen.

Adjunctive Therapy for CNS Tuberculosis

There is a strong evidence base to support the use of adjunctive steroids in patients
with TB meningitis, regardless of Grade of disease (see above). Randomized con-
trolled trials [9, 16—19] found improvement in end-points including mortality, death
or severe disability, and disease relapse when patients were treated with steroids in
addition to anti-TB treatment.

Recommended adjunctive therapy is dexamethasone at an initial dose of
0.3-0.4 mg/kg/day, in divided doses and tapered over 6—8 weeks and adjusted
according to interactions with rifampicin. The addition of steroids can reduce the
incidence of significant hepatotoxicity resulting from TB treatment and this may be
important in avoiding interruptions to therapy and sequential reintroduction of
drugs. Sub-group analysis of patients with HIV/TBM suggests a possible benefit
from steroids in this group and this is being evaluated in trials.

It should be remembered when treating patients that there may be long-term
consequences of steroids use (particularly on increased risk of infection, diabetes
and bone density). Alternative immunomodulators used in practice have included
thalidomide and anti-TNF antibodies, though the evidence to support their use is
limited. Given that ischaemic stroke appears to be an important cause of long term
disability in some patients with TBM, there is emerging interest in the potential role
of high dose aspirin [20], but it is not yet a recommended therapy.

Additional Supportive Measures

Severe sequelae of TBM in any patient are likely to be multifactorial, and good sup-
portive management is essential. Raised intracranial pressure is commonly recog-
nized and may be due to mass effect, obstruction to CSF flow and/or oedema. Poor
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oxygenation of the brain is increasingly thought to be important and hyponatraemia
is common (see above) [21].

Hydrocephalus, usually communicating, is common in patients with severe TBM
as a consequence of decreased CSF reabsorption in the setting of inflammation.
There is a little high quality evidence to inform management but medical manage-
ment with acetazolamide and sequential lumbar puncture is often recommended.
Drain insertion (or shunt) is generally reserved for those with obstructive hydro-
cephalus or those who are deteriorating clinically.

Management of Cerebral Tuberculomas

In general, the choice and duration of therapy for cerebral tuberculomas is the same
as for meningitis, with similar considerations of local concentration and toxicity.
Cerebral tuberculoma may be isolated or multiple and may co-exist with TB men-
ingitis. Tuberculoma can become more prominent as part of “paradoxical” reactions
in approximately a third of patients. Despite adequate TB therapy, inflammation
causes enlargement and/or oedema around existing lesions that may not have been
clinically detectable [22]. In such cases prolonged courses of immunomodulation
may be required, but the evidence base is limited by comparison to TB meningitis.
Prednisolone is the most commonly used treatment, but there are reports of thalido-
mide and infliximab being effective if alternative agents are required.

HIV Treatment in the Setting of TBM and Tuberculomas

In patients with advanced HIV and proven (or presumptive) tuberculous meningitis,
other pathogens should be actively sought as more than one may be present (particu-
larly cryptococcal meningitis).

Early initiation of HIV treatment in the setting of TB is recognized as important
factor for preventing morbidity and mortality from tuberculosis. However, recom-
mendations for the timing of HIV treatment in patients with CNS tuberculosis are
more cautious compared to non-CNS tuberculosis. The main concern with initiating
HIV treatment is the development of IRIS (see chapter “TB/HIV™). In general, IRIS
is often mild and self-limiting. However, when IRIS occurs in the brain, small areas
of oedema and/or inflammation that result can have profound clinical consequences,
depending on anatomical location of disease.

In a placebo controlled trial comparing early (immediate on trial entry) versus
late (2 months after randomization) HIV treatment initiation in 253 patients with
TBM, immediate HIV treatment did not improve 9 month mortality or new AIDS
events with more severe adverse events in the immediate initiation arm [23].

HIV treatment should usually be started within 2 months of TB therapy in those
with CNS tuberculosis. The choice of treatment for HIV does not differ from treat-
ment that would be given for non-CNS TB, other than consideration needs to be
given to likely drug-drug interactions.
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Case Vignette

A 35 year old male, originally from Uganda, presented with tuberculous meningitis
and was newly diagnosed with HIV (CD4 count 46 cells/mm?, HIV plasma viral
load 110,000 copies/mL). Treatment was initiated with standard doses of RHZE but
transaminitis led to isoniazid being replaced with moxifloxacin. HIV treatment was
initiated after 6 weeks of TB therapy and he was transferred to out-patient services
in a district hospital. For the continuation phase he remained on rifampicin and
ethambutol for tuberculosis. Despite good adherence he represented 2 months later
with smear (and culture) positive CSF and obstructive hydrocephalus requiring
shunting. He had significant nursing needs and was transferred to nursing facility
for long-term care. The case highlights the importance of achieving good CSF lev-
els of therapy throughout treatment.

Images

Cerebral tuberculoma with significant oedema in the midbrain seen with MRI T1
(left) and T2 (right) imaging. The patient had significant limitation in movement
from increased tone in the legs and required prolonged TB therapy (18 months) with
further adjuvant steroid therapy for over 2 years until symptoms eventually resolved.
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Tuberculosis in Renal Disease

Heather Milburn

Introduction

Tuberculosis presents a number of specific challenges in patients with chronic kid-
ney disease (CKD), both in the diagnosis of latent infection (LTBI) and active dis-
ease and also in their management. Patients are often complex and a standard
approach may need some adjustment. Patients with CKD are at increased risk of
active tuberculosis (TB) compared with those with normal renal function, due to
immunodeficiency associated with uraemia, co-existing conditions and the drugs
used to prevent graft rejection following transplantation [1]. Furthermore, ethnic
minorities from countries with a high incidence of TB are at increased risk of not
only TB but also CKD [2].

What Do We Mean by CKD?

CKD is the term now used by most renal physicians to describe all levels of renal
disease and is categorised into five stages according to underlying creatinine clear-
ance, renal replacement therapy (RRT) and transplantation (Table 1).

Stages 1 and 2 would not be considered on their own to increase the risk of infec-
tion; figures are not yet available for Stage 3. Stages 4 and 5, RRT and transplant
are, however, considered important for an increased risk of TB.
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Table 1 Stages of renal disease (Chronic Kidney Disease)

CKD:
Stage 1 normal function but structural abnormality
Stage 2 Creatinine Clearance 60-90mls/min;
Stage 3 Creatinine Clearance 30-60mls/min;

Stage 4 Creatinine Clearance 15-30mls/min;

- . Probable
Stage 5 Creatinine Clearance <15mls/min. Increasing
Renal Replacement Therapy: Immune
deficiency
Continuous Peritoneal Dialysis

Haemodialysis

Transplant

Incidence & Prevalence of LTBI & active TB in CKD

Figures for the incidence and prevalence of LTBI and active TB disease in CKD
patients vary depending on the populations being considered and degree of
CKD. There is very little work on evidence of LTBI in varying stages of CKD and
renal replacement therapy (RRT). One study from a tertiary referral centre in Taiwan
used the QuantiFERON-TB Gold In-tube (QFT) interferon-y release assay (IGRA)
to determine LTBI [3], and found that 11% of patients with CKD stages 4 and 5 and
not receiving RRT had a positive IGRA compared with 25% of patients receiving
haemodialysis (HD) (p = 0.015). Not surprisingly, they also found that independent
predictors of a positive IGRA included evidence of previous TB on chest radiograph
(OR 2.90[CT 1.45-5.83]). Further predictors of LTBI as measured by a positive QFT
were older age (OR 1.03[1.01-1.04] per year increment); increased serum albumin
(OR 2.59[1.63-4.11] per 1 g/dl increment), and the need for dialysis (OR
2.47[1.02-5.95]). Indeterminate results were associated with malignancy (OR
4.91[1.84-13.10] and low serum albumin (OR 0.22[0.10-0.51] per 1 g/dl decrease).
Fonseca and colleagues [2013] [4] in Brazil used up to three tuberculin skin tests in
dialysis patients to demonstrate a mean annual risk of infection of 1.19%, which
was similar to that reported for the general population.

Many studies looking at rates of active disease have been from countries with high
background rates of infection and disease [5-9]. The cumulative incidence of TB
disease over a 16 year period in recipients of a renal transplant in Brazil was 1.32%;
TB occurred at any time following transplantation (median time 18.8[IQR 7.2-60]
months) and was influenced by the immunosuppressive regimen used [10]. A recent
study from the UK showed that patients receiving haemodialysis (HD) had a cumula-
tive incidence of TB 85 times that of the background rate; this was 37 times the back-
ground rate following successful transplantation [11]. Although the relative risk of
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active disease in patients receiving peritoneal dialysis (CAPD) tends to be less than
that in HD patients, CAPD patients appear to be at increased risk of peritoneal TB in
particular [5, 11, 12, 13]. A meta-analysis of published studies showed a median inci-
dence of active TB of 26.6 (range 1.3-52.0) per 1000 population in patients undergo-
ing HD and 5.1 (no range given) in those following organ transplantation [14]. It can
be seen that there is plenty of evidence from around the world that these patients are
at increased risk of TB, and diagnosis of both active TB and LTBI is crucial in patients
with CKD, and particularly those receiving RRT or renal transplant.

Reasons for Susceptibility to Infection and Disease

Many of these patients have co-existing conditions which contribute to impaired
immunity to infections, and these are themselves important for the development of
renal disease, such as HIV and diabetes mellitus. Immunosuppressive therapy is used
to control underlying disease and also to suppress graft rejection following transplan-
tation. In addition, uraemia is itself an acquired immunodeficiency state, with func-
tional abnormalities found in neutrophils, lymphocytes, monocytes and natural killer
cells, as well as defective chemotaxis, cell adherence and phagocytosis. These
changes will all contribute to impaired cell mediated immunity [ 15—17]. Haemodialysis
can also exacerbate these abnormalities and result in chronic inflammation by com-
plement activation and upsetting the balance between regulatory and inflammatory
cytokine production. Some older studies have shown specific effects depending on
the type of HD membrane used [18]. Most of these patients also suffer from defi-
ciency of vitamin D, which has been found to be important for immune function [19,
20]. Furthermore, iron overload is common in renal patients and this is associated
with increased susceptibility to TB, as well as contributing to successful mycobacte-
rial growth and virulence [21, 22]. Figure 1 is a schematic summary of these complex
contributions to increased susceptibility to TB infection and disease in these patients.

Patients undergoing transplantation who already have LTBI are likely to reacti-
vate the disease when starting additional immunosuppressive therapy to prevent
graft rejection, and disease can also be transferred with the allograft itself, albeit
rarely [23].

Screening

Where possible we should aim to reduce the risk of active disease by effective
screening and management of latent infection. There is, however, no perfect screen-
ing tool available for use in these patients. Both the 2010 British Thoracic Society
(BTS) Guidelines for the diagnosis and management of TB and LTBI in CKD [24]
and the 2016 UK NICE guidelines [25] for the diagnosis and management of TB,
suggest that all patients with renal disease need a risk assessment based on risk
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Fig. 1 Factors contributing to reduced cell mediated immunity and resulting increased suscepti-
bility to infection in uraemia

factors for TB infection, including time spent in a country with medium-high back-
ground rates of TB and contact with an infected person, as well as the presence and
severity of immunocompromise. An assessment for active disease should also be
made, and these patients should have a baseline chest radiograph at presentation.
This will demonstrate any evidence of previous disease and will also be a useful
reference in times of future respiratory infections. Specific screening should be with
an IGRA test with or without the tuberculin skin test (TST).

Tuberculin Skin Test (TST)

The immunodeficiency associated with uraemia results in skin anergy in up to 50%
of these patients, making the TST have low sensitivity in this group [24]. Therefore,
a negative test cannot be assumed to be a true negative, while a positive test should
prompt further investigation. It is therefore usually more useful to use the TST with
an IGRA. In the meta-analysis by Getahun et al. (2015) [14], the median percentage
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prevalence of LTBI as determined by a positive TST was 21.9% (range 2.6—42.1) in
HD patients compared with figures for QFT and the TSpot-TB (33.4% [17.4-44.2]
and 43.6% [23.3-58.2]) respectively.

Interferon Gamma Release Assays (IGRA)

Although the IGRA response is also reduced in immunocompromised patients
when compared with immunocompetent controls, it remains higher than the TST in
CKD patients [26]. Both the commercially available IGRAs (7Spot-TB, Oxford
Diagnostic Laboratories, UK; QFT, Qiagen, Netherlands) have increased specificity
than the TST with no cross reactivity with the BCG and the majority of non-
tuberculous mycobacteria. In a recent study of 95 patients receiving HD, the QFT
was reported as having 100% sensitivity and 62% specificity for active TB [27]. The
IGRAs are not, however, usually used for diagnosis of active disease but as evidence
of LTBI, and a positive result is presumed to identify those with evidence of likely
progression to active TB. Most studies, however, have been in immunocompetent
patients as part of contact tracing.

In an earlier meta-analysis of studies investigating the positive (PPV) and nega-
tive (NPV) predictive values of the IGRAs and TST in various at risk groups, the
pooled PPV for progression was 6.8% (CI 5,6-8.3%) and 2.4% (CI 1.9-2.9%) for
the IGRAs and TST respectively [28]. The NPVs for both IGRAs and the TST
were > 99% with narrow CIs. One study in renal transplant patients reported that
5.6% of these patients with a positive IGRA result developed active disease if left
untreated [29].

A large European study compared both commercially available IGRA tests
together with the TST in five separate groups of immunocompromised patients and
a group of immunocompetent controls [30]. These groups included 270 patients
with various stages of CKD and 197 patients with mixed organ transplants. The
frequency of a positive test result in CKD patients was 25.3-30.6%, but only
9-20.0% among transplant patients. These results probably reflect the multifactorial
nature of immunodeficiency which is not purely T-cell mediated in CKD, whereas
drug-induced suppression of T-cell function occurs following transplantation [23,
31]. There is also the very small possibility that some patients had converted their
response following chemoprophylaxis for LTBI at the time of transplant (a frequent
practice in renal units), although once a patient has had active TB or LTBI with a
positive IGRA/TST, these tests frequently do not return to normal with treatment,
and we have no evidence when, if ever, they do [32]. High levels of indeterminate
IGRA results were found in this collection of immunocompromised patients (up to
20%), with the highest rates found in those considered to be most immunodeficient
(including transplant recipients) and lowest rates found in CKD patients. These
results together suggest that immunodiagnostic assays are more adversely affected
the greater the underlying immunodeficiency.
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It is currently unclear which test is preferable for immunodiagnostic testing.
There is higher between-test agreement between IGRAs than between either IGRA
and the TST, and IGRAs also had a higher rate of positivity and were more strongly
associated with M. tuberculosis exposure [30]. The evidence suggests that in immu-
nocompromised patients, results from two or three positive assays are generally
better associated with a greater likelihood of exposure to TB, whereas only one
positive test was less likely to be linked to exposure variables [30]. This study also
demonstrated that neither of the IGRAs nor the TST could adequately predict those
at risk of later developing TB. Positive results should, however, prompt further
investigation, while negative results cannot be assumed to be a true negative. The
advice following indeterminate results is generally to repeat the test and/or add
another.

When and How to Screen?

Which CKD patients should we be screening for LTBI and active disease? It is
likely that not all patients with CKD have the same level of immunodeficiency, but
that those with stages 4/5 or on RRT are at greater risk of infection than those with
Stages 1-3 (Table 1). There do not appear to be any studies examining the perfor-
mance of the different screening tests in different stages of CKD. There is, however,
evidence of a significantly increased risk of active disease in patients on HD [11].
Consideration should be given to screening HD patients originating from countries
with a high background risk of active disease as well as those with a clear history of
contact.

Following transplantation, it is accepted that patients are at increased risk of
activating previous infection [23, 25], and pre-transplant screening is recommended
by both the European TB Research Network (TBNET) [23] and NICE [25].
Unfortunately, there does not appear to be any desire in renal units to screen all
those on the transplant list, for example, as not all of these patients will necessarily
proceed to transplant (M. Ostermann, personal communication). This has led to
many renal units giving isoniazid chemoprophylaxis to all patients following trans-
plant, whatever their likely risk of LTBI. It is our own experience that this is not
always effective, however, as any suggestion of side effects (eg a marginal rise in
liver enzymes) often results in discontinuation of isoniazid with no later introduc-
tion or use of an alternative, resulting in cases of significant active disease [33].
Furthermore, a study from London showed the highest rates of active TB were
found in HD patients, suggesting this group could benefit from screening, whether
or not they then proceed to transplant [11]. Also, it is usually clinically easier to treat
patients for LTBI prior to transplant as there is less likelihood of interaction with
immunosuppressive medication. Despite published guidelines from the UK and
Europe [23, 25] a recent survey of UK renal units showed that only one third are
acting in accordance with the latest guidance, screening with IGRAs is rarely used,
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Table 2 Screening for LTBI Summary

Screening in CKD:

Check history of contact, previous TB, LTBI and treatment received.

Check chest radiograph with earlier X-rays.

Use IGRA with or without TST, particularly in at risk patients without prior disease.

A negative test cannot be assumed to be a true negative; do further investigations including
ruling out active disease.

A positive test should result in further investigation in patients without a prior history of active
or latent disease; rule out active disease.

Indeterminate results may be frequent especially in more severely immunocompromised
patients; repeat test and/or add another.

Consider screening patients on RRT.

Consider screening pre-transplant.

There is no perfect screening test; the greater the immunosuppression, the less likely any test
can currently give a wholly reliable result.

A positive IGRA with or without a TST is usually sufficient to commence chemoprophylaxis.

and dosing and length of treatment for LTBI was incorrect in nearly 50% of
cases [34].

As detailed above, there are limitations to all the screening tests currently avail-
able, particularly in immunocompromised patients, and difficulties in the clinical
interpretation of IGRAs have been highlighted by numerous studies. A more
detailed review of IGRAs and further developments are found in Chap. 13 “The
Tuberculin Skin Test and the IFN-y Release Assays’. At the time of writing there is,
however, no data on their performance in CKD or transplant patients.

A summary of screening is shown in Table 2.

Presentation of Active TB

Presentation of disease is often atypical and this can contribute to delay in diagno-
sis. There is a greater proportion of both extrapulmonary and disseminated disease,
with miliary TB a well recognised complication [11, 35-38] (Fig. 2). Most patients
present with fever but weight loss can be difficult to interpret in a patient with fluid
imbalance. Cavities are rarely seen on chest radiograph, but lower lobe shadowing
or multiple lobar involvement can often be found. Pleural effusions are fairly com-
mon in dialysis patients due to heart failure, uraemic pleuritis and hypoproteinae-
mia, so pleural TB can easily be missed. Levels of adenosine deaminase (ADA) in
pleural fluid tend to be elevated in tuberculous effusions [39, 40], but unfortunately
the activity and hence diagnostic usefulness of ADA, is reduced in uraemia and HD
[41, 42]. Nucleic acid amplification tests for M. tuberculosis in pleural fluid have
good specificity for the diagnosis of tuberculous pleuritis (96-98%) but poor and
variable sensitivity (43—77%) [43]. Similarly, pericarditis, pericardial effusion and
ascites are often dialysis related but abdominal TB is a frequent complication of
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Fig. 2 Chest radiograph showing miliary TB presenting in a renal patient with a PUO not imme-
diately obvious on original radiograph (a), apparent on chest radiograph after two weeks (b)

continuous ambulatory peritoneal dialysis (CAPD). While these patients are also
subject to peritoneal infections with organisms other than M. fuberculosis leading to
a cloudy dialysate, TB should always be considered when presented with a cloudy
dialysate and appropriate samples sent.

Diagnosis of Active TB

All patients should be assessed for active disease by taking a detailed clinical his-
tory, including contact with TB and previous history of active TB or LTBI and
whether these were treated, with what and for how long. Symptoms of cough, fever,
weight loss, night sweats and lymphadenopathy should be investigated as with any
patient. It must, however be remembered that 30-50% of CKD patients present with
extra-pulmonary TB and symptoms may not always be classic. TB should always be
considered in any patient presenting with a pyrexia of unknown origin (Fig. 2), and
TB must always be in the differential of any CAPD patient presenting with abdomi-
nal infection [11, 12].

All CKD patients should have a chest radiograph as part of their original workup
(whether or not they have chest related symptoms) as this will be helpful in showing
evidence of previous disease, as well as being useful for comparison at a later date
should the patient develop symptoms. Any new infiltrates should then prompt fur-
ther investigation, which may include a CT scan, induced or spontaneous sputum
specimens or fibreoptic bronchoscopy, as outlined in previous chapters. Further
site-specific investigations should be considered based on symptoms. These might
include abdominal ultrasound, CT or spinal MRI scans.

As in all patients with possible TB, every effort should be made to obtain sam-
ples for microscopy and culture, such as three early morning sputum specimens,
induced sputum, bronchial lavage and biopsies. Intrathoracic lymphadenopathy can
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be investigated using endobronchial ultrasound (EBUS) and biopsy. Involvement of
extra-thoracic sites should be investigated by aspirated pus, fine needle aspiration
biopsy (FNA) or tissue biopsy. These should be examined histologically for the
presence of granulomata, which are suggestive of TB disease, stained for acid fast
bacilli (AFBs), and sent for cultures. It is imperative that specimens are sent either
in a plain pot or in normal saline and not in formalin as this will prevent culture of
the organism [24, 25].

Management of LTBI

Unlike patients with normal renal function, there is an increased risk of side effects
from chemoprophylaxis in patients with CKD, making any treatment challenging
[11, 24]. This is not, however, a reason for reducing the dosage of drugs as this just
reduces the efficacy of treatment as these drugs demonstrate concentration-
dependent activity, and a reduced dosage could result in development of drug resis-
tance [24]. With chemoprophylaxis, however, this should not be a problem and drug
regimens are discussed in more detail in the following section.

One approach has been to treat all transplant patients with chemoprophylaxis,
both to mitigate the high incidence of active TB found in HD and transplant recipi-
ents and the mixed evidence around IGRA testing in immunocompromised groups.
This, however, presents two problems:

1. it fails to identify patients with active disease, and
2. chemoprophylaxis itself is not without risk.

Both isoniazid and rifampicin can cause drug induced hepatitis, and this may
outweigh the risk of developing active disease in those at low risk and with no evi-
dence of exposure or LTBI. Some centres do limit chemoprophylaxis to those at
higher risk, but without a screening programme, some of those with no perceived
risk may have LTBI which reactivates post-transplant. Unfortunately, in the UK
there is still a marked variation in chemoprophylaxis policy between renal units,
with no clear association with local TB incidence and a broad discrepancy in length
of chemoprophylaxis, ranging from none to lifelong. Guidelines do not appear to
have been followed and clinical practice in some units has failed to follow the evi-
dence for appropriate chemoprophylaxis [34, 44].

Chemoprophylaxis

Both isoniazid and rifampicin are metabolised by the liver and poor renal function
should not present a problem in the appropriate use of these drugs. Hepatic toxicity
with both drugs can of course occur but should not present a greater problem in
CKD [24]. Isoniazid can be associated with peripheral neuropathy and central neu-
rological disturbance, and these effects seem to be increased in CKD patients,
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although this is not common [45-49]. Ototoxicity has also been reported in patients
receiving isoniazid plus other drugs, but excluding the aminoglycosides [50].
Patients with underlying diseases such as Alport’s Syndrome and Wegener’s granu-
lomatosis may also rarely develop hearing loss due to axonal uraemic neuropathy
[51] and increased susceptibility to ototoxins [52, 53]. It is therefore important that
pyridoxine is added to any isoniazid containing regimen [24].

The three commonly used regimens are:

* 6 (or9) months of isoniazid 300 mg daily plus pyridoxine [24, 45, 54];
* 3 months of isoniazid plus rifampicin based on weight plus pyridoxine [24, 54];
e 4 months of rifampicin alone [24, 54-56].

A review of the evidence for the relative efficacy of the shorter and longer isonia-
zid regimens is discussed in Myall and Milburn 2016 [57].

The regimen of four months of rifampicin alone appears to be better tolerated
than isoniazid-containing regimens [54, 56]. There should be no problem with the
use of rifampicin in CKD patients, including those on RRT, but post-transplant,
most centres prefer to use isoniazid alone because of the interactions between the
rifamycins and the immunosuppressive drugs necessary to prevent graft rejection. A
recent review and meta-analysis, however, showed that rifampicin containing regi-
mens for three months or more, even though shorter, were potentially more effective
than isoniazid monotherapy [56, 58]. Twelve weeks of isoniazid plus rifapentine
also had similar efficacy to 9H [59].

These large studies would support future screening of dialysis patients at risk and
appropriate chemoprophylactic treatment, whether or not they then proceed to
transplantation. It is generally clinically easier to use rifampicin containing regi-
mens in patients not yet on immunosuppression to support a graft. Those who have
completed chemoprophylaxis should have a reduced risk of active TB unless they
are later re-infected. The reduced incidence of active disease found in recent studies
in transplant patients compared with HD patients may well be the result of the
sometimes indiscriminate use of chemoprophylaxis in all transplant recipients,
although this is not without problems as outlined above [11, 25].

While it is not necessary to complete chemoprophylaxis prior to transplantation,
all patients will require careful monitoring for both drug-drug interactions and drug
toxicity.

Management of Active TB

Treating TB in renal patients should involve input from a TB specialist as these
patients will need careful monitoring, and guidelines should be followed [24, 25].
Four drugs should be used in the first instance: rifampicin (R), isoniazid (H), pyra-
zinamide (Z), and either ethambutol (E) or moxifloxacin (M), with pyridoxine (p).
This is assuming there is no suspicion of drug resistance. Generally CKD patients
should be treated for six months, with two months of four drugs (RHZE/M + p) fol-
lowed by four months of RH + p [24, 25]. One year of treatment is needed for
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central nervous system TB as per guidelines (2RHZE/Mp, then 10RHp) [24, 25].
Drug resistance is covered in the BTS Guidelines Appendix 1, with emphasis on
specialist management [24]. Further information on specialist drugs for resistant
disease can be found in Chap. 15 ‘Multi-drug Resistant Tuberculosis Management’.

As with rifampicin and isoniazid, pyrazinamide is metabolised by the liver,
although excretion of its metabolites may be impaired in CKD stages 4 and 5 and on
HD. This will result in uric acid retention and gout. Pyrazinamide and its metabo-
lites are significantly eliminated from the body by HD, with 45% appearing in the
dialysate [60]. No data are available for CAPD. Ethambutol, however, is 80% renally
excreted and accumulates in renal failure, as do the aminoglycosides. Moxifloxacin
is often substituted for ethambutol in patients with CKD, on RRT or following trans-
plantation, but can only be given as a daily dose and is not suitable for three times
weekly regimens. Moxifloxacin is usually well tolerated but there is evidence for
connective tissue disorders with the quinolones in general. Dysglycaemia may occur
with gatifloxacin, and liver dysfunction and a long QT interval with moxifloxacin
(reviewed by Mehlhorn and Brown) [61]. If ethambutol or the aminoglycosides are
used, then monitoring of drug levels is essential [24, 25, 62] (Table 3).

Table 3 Recommended doses of first line drugs in chronic kidney disease for standard sensitive
disease (adapted from British Thoracic Society Guidelines 2010) [24]

CKD Stages Post Renal
1-3 CKD Stages 4-5 | Haemodialysis® Transplant®
Isoniazid® 300 mg daily | 300 mg daily or | 300 mg daily or 15 mg/ | 300 mg daily
6 months 15 mg/kg kg 3x/week
max 900 mg 3x/ | max 900 mg 3x/week
week
Rifampicin <50 kg <50 kg 450 mg <50 kg 450 mg daily <50 kg 450 mg
6 months 450 mg daily | daily >50 kg 600 mg daily daily
>50 kg >50 kg 600 mg or < 50 kg 600 mg 3x/ >50 kg 600 mg
600 mg daily | daily week daily
or <50 kg >50 kg 900 mg 3x/week
600 mg 3x/week
>50 kg 900 mg
3x/week
Pyrazinamide? | <50kg 1.5g |<50kg2 g 3x/ <50 kg 2 g 3x/week <50kglS5g
2 months daily week >50 kg 2.5 g 3x/week daily
>50kg2.0g | >50kg 2.5 g 3x/ >50kg2.0g
daily week daily
Ethambutol*' | 15 mg/kg 15-25 mg/kg 3x/ | 15-25 mg/kg 3x/week 15 mg/kg daily
2 months daily week plus TDM
plus TDM
Moxifloxacin® | 400 mg daily | Not suitable for | Not suitable for 3x/week | 400 mg daily
2 months 3x/week

“Haemodialysis — give medication immediately after dialysis

Can give 3x/week regimen post transplant

°Always give with pyridoxine in renal disease

dCheck uric acid levels and monitor for gout

°Check baseline colour vision and visual acuity and warn patients to report any changes in red/
green discrimination or visual acuity. Check peak and trough drug levels (TDM)

fCan be discontinued if organism is found to be fully sensitive before two months
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Special Considerations when Treating TB in CKD Patients

Patients with CKD should be managed by physicians experienced in the manage-
ment of TB, because of the increased risk of side effects, possible drug accumula-
tion, and risk of drug-drug interactions. The assistance of a renal pharmacist can
also be helpful.

Physicians are always rightly concerned about toxicity of the TB drugs in renal
patients because of accumulation. Lowering the dosages, however, is not the answer
as these drugs exhibit concentration-dependent activity and dose reduction can lead
to decreased efficacy and also the development of resistant disease. Rifampicin and
isoniazid should be given at normal doses together with pyridoxine, but for patients
with CKD stages 4 and 5 and those on RRT, increasing the dose interval of pyrazin-
amide and ethambutol to 3x weekly is recommended. Moxifloxacin can be substi-
tuted for ethambutol but is only suitable for daily dosing. If ethambutol is used,
therapeutic drug monitoring (TDM) is needed [24, 25, 62].

Haemodialysis

There are two possibilities for dosing in patients on HD, both with positive and
negative considerations:

1. TB medication given 4—6 hours before dialysis: advantage of reduced toxicity of
pyrazinamide and ethambutol, but risk of premature drug removal. Also, this is
unacceptably difficult in terms of timing for patients receiving morning dialysis.

2. TB medication given immediately after dialysis: avoids above disadvantages and
potentially facilitates directly observed therapy (DOT) and therefore compli-
ance. This is balanced against the risk of increased drug levels between dialysis
sessions. Monitoring of peak (one hour post-dose) and trough (pre-dose) levels
of ethambutol (and the aminoglycosides if used) is therefore mandatory.

Peritoneal Dialysis

Our current knowledge of the pharmacokinetics of TB drugs in CAPD is not com-
prehensive. One study showed that CAPD patients did not require adjustment of
these drugs [63]. Our own experience is that only small amounts of rifampicin,
however, are found in the dialysate due to its high molecular weight, lipid solubility
and protein binding capacity, and levels of the other drugs also appear to be variable.
Therefore, the dose of rifampicin may need to be increased in peritoneal TB, while
levels of pyrazinamide, isoniazid and ethambutol need to be carefully monitored in
these patients and doses adjusted accordingly [33]. Enlisting pharmaceutical exper-
tise can be very helpful when managing these patients.
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Post-Transplant

The rifamycins upregulate cytochrome P450, resulting in increased metabolism of
many of the immunosuppressive drugs and possible loss of the graft [64]. This
affects the efficacy of steroids and drugs such as mycophenylate mofetil, tacrolimus
and ciclosporin used to suppress the rejection response and protect the graft. This
problem can be reduced, however, by the use of TDM followed by appropriate
adjustments in doses of immunosuppressants [24]. The dose of steroids should gen-
erally be doubled but the other drugs require careful TDM and adjustment until a
therapeutic level is reached. Rifabutin can be used instead of rifampicin as it is a
weaker inducer of cP450 so the interaction with the immunosuppressant drugs is
much less, leading to its increasing use post-transplant [65] Using rifabutin in com-
bination with the macrolides, however, increases the risk of uveitis [66]. Rifabutin
may also induce neutropoenia [66—68]. A significant decrease in neutrophil count
has been found after fourteen days of rifabutin monotherapy, and the incidence of
neutropoenia ranged from 10-26% in a multicentre study looking at the interaction
between rifabutin and azithromycin [65]. It is therefore recommended that the white
cell count is monitored for one week after initiation of rifabutin therapy and there-
after at two to four weekly intervals [67].

Summary

Until all the problems with screening can be overcome, it is likely that CKD patients
on RRT and those receiving transplants will continue to face an increased risk of
both latent infection and active disease. There is no agreed protocol for when and
how to screen for LTBI but evidence certainly presents a case for screening those
CKD patients on RRT, whether or not they then proceed to transplant. Currently,
however, screening is rarely undertaken, practice is variable and often does not fol-
low published guidelines. At the very least, all patients should undergo a risk assess-
ment for both levels of immunosuppression and risk of TB exposure together with a
routine chest radiograph. Although there is still no perfect test for LTBI, there is,
however, sufficient evidence that a positive test from either of the two commercially
available IGRAs with or without the TST, is usually sufficient to commence chemo-
prophylaxis in this significantly immunocompromised group. It is crucial to exclude
active disease in any patient with CKD and to treat it appropriately. Recognition of
TB can be difficult in these patients, but TB should always be in the differential of
any presenting infection and the correct specimens sent. Treatment of TB presents
some unique difficulties in CKD patients, but with care and the sensible use of
TDM, these can be overcome. Moxifloxacin can be used instead of ethambutol and
rifabutin is a useful alternative to rifampicin post-transplant. Finally, doses of TB
drugs must not be reduced, but the dosing interval increased in order to prevent
drug accumulation.
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Introduction

Children and adolescents have historically been ignored in the battle against the
tuberculosis (TB) epidemic. Considered non-infectious and therefore not contribut-
ing to disease propagation, they were felt not to be a public health threat, rather an
unfortunate consequence. However, attitudes have changed dramatically over the
last decade with the recognition that children frequently do transmit M. fuberculosis,
that they present a reservoir from which future cases will emerge and that paediatric
TB contributes significantly to overall child mortality and morbidity [1].
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When exposed to an infectious case of tuberculosis (TB), contacts may breathe
in droplet nuclei of M. tuberculosis. If the organisms overcome the physical barriers
of the lung and the innate components of the immune system, they are likely to
encounter macrophages in the terminal alveoli. If the adaptive elements of the
immune system are found to be sensitized, as evidenced by a positive tuberculin
skin test (TST) or interferon gamma release assay (IGRA), the contact is said to
have TB infection. If immunological constraints are overcome and the mycobacteria
proliferate, the contact will develop signs and symptoms of TB disease [2, 3].

Although, arbitrary in nature, for reporting and recording purposes, children are
defined as those <15 years with adolescents those 10 to <20 years. Modelling stud-
ies suggest that currently 67 million children have TB infection [4] and the World
Health Organization (WHO) estimates that one million of these children develop
TB disease each year [5], of which 30,000 have multidrug-resistant (MDR)-TB
(disease caused by organisms resistant to isoniazid and rifampicin) [4, 6]. It is esti-
mated that an additional half a million adolescents aged 15 to <20 years develop TB
annually [7].

The risk of progression from TB infection to TB disease, as well as the pattern of
disease, is influenced by age at initial infection, as well as sex, nutrition and immu-
nological status [8]. Young children are at high risk of disease progression, as well
as rapid disease progression following infection. They tend to develop either more
limited intra-thoracic lymph node disease or severe forms of disseminated disease,
such as TB meningitis or miliary TB. Generally, they are not infectious. Risk falls
to a nadir in the primary school age before rising again as children enter puberty,
with the rise in girls starting earlier than boys. Adolescents typically have pleural
effusions, parenchymal breakdown and cavities, often in the apical regions [9].
They are frequently infectious. Children with malnutrition are at increased risk of
disease progression following infection [10], as are children living with any form of
immunodeficiency, particularly human immunodeficiency virus (HIV) [11].

The aim of this chapter is to provide an oversight of TB in children and adoles-
cents and to give practical advice on the approach to investigating and managing
children and adolescents with TB infection and TB disease. It builds on the WHO
childhood TB guidelines [12], the United Kingdom (UK) National Institute for
Health and Care Excellence (NICE) guidance [13] and the best available evidence.

Diagnosis

Children may be identified as contacts of a known case of TB, or they may present
with symptoms, signs or investigation findings suggestive of TB disease. The diag-
nosis of TB in children requires the clinician to piece together different types of
evidence. Diagnosis is straightforward in children with positive microbiology and
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/ Child presents with symptoms that \

prompt possibility of TB: If yes, then prompt investigation with:

Respiratory

Are they severely unwell/high risk?
Prolonged cough, haemoptysis,

Unwell infant<24 months CXR, MRl brain (or CT with contrast), other

chest pain . et iniar radiology as indicated clinically, dilated
N \ratory localls] + Significantimmune fundoscopy, rspiratory samples for AFB,
EILAE L SN suppression e.g. anti-TNF, HIV PCR, mycobacterial culture, consider lumbar
Lymphadenopathy, back pain, with low CD4 count puncture, other sampling for microbiology as
ophthalmoplegia, sub-acute * Suspicion of TB meningitis or clinically indicated (TST and IGRA)
meningitis, bone/joint pain miliary TB
Systemic Do not delay starting treatment

Prolonged fever, weight loss, night

sweats

. /

If no, then carry out the following investigations
CXR, other radiology as clinically indicated (abdominal USS, bone X-rays)
Respiratory samples (if coughing) for:
AFB microscopy, M.tuberculosis PCR
Mycobacterial culture, bacteriology and virology
Other samples for microbiology and histology/cytology as clinically indicated e.g. lymph node
biopsy, pleural biopsy or aspirate, ascites, bone or synovial fluid, pus
(TST or IGRA)

)

Are any respiratory or other samples positive for AFB or

PCR positive for M tuberculosis OR does the child have Treat for TB disease ]
chest X-ray changes typical of TB? *

Review symptoms. Is it clinically
likely to be TB disease with no

other cause found? Consider CT
chest to determine if TB disease

Is the child too unwell or too high risk to wait or re the
symptoms typical of TB?

—

¥

Await TB cultures, Consider course of antibiotics. +
Consider further samples for microbiology. - -

Have symptoms and/or CXR changes resolved without JECE====tn e ]
treatment and are TB cultures negative?

Fig. 1 A suggested algorithm for the investigation of children and adolescents with possible tuber-
culosis. 7B tuberculosis; TNF tumour necrosis factor; H/V human immunodeficiency virus; CD
cluster differential; CXR chest x-ray; MRI magnetic resonance imaging; CT computed tomogra-
phy; AFB acid-fast bacilli; 7ST tuberculin skin test; /GRA interferon-gamma release assay; USS
ultrasound scan; PCR polymerase chain reaction

typical clinical and radiological features, but for most children with TB this will not
be the case. The history, examination, radiology, immune-based tests and microbi-
ology (when positive) need to be combined to arrive at a diagnosis, like assembling
pieces of a jigsaw. This is outlined in Fig. 1 with the strengths and weaknesses of
different tests shown in Table 1.

Household Contacts

Children exposed in their household to infectious cases of TB are at high risk of TB
disease; systematic reviews showing that 5-10% of TB-exposed children <15 years
in high-prevalence countries have TB disease at the initial time of screening [14,
15]. A study from the UK showed that 12% of household contacts had prevalent
disease [16]. Other non-household forms of exposure can also be high risk if the
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child has had high intensity exposure, or exposure of long duration with an infec-
tious TB case. In addition, about half of children exposed in their household have
evidence of TB infection [14, 15], and without TB infection treatment they remain
at high risk of progression to TB disease. The first step when screening a child con-
tact is to evaluate them for evidence of TB disease based on history, examination
and chest x-ray. Those children with TB disease often have early pathology and the
diagnosis is easily missed, as symptoms and radiology may be subtle or non-
specific, and microbiology confirmation rates are low. If TB disease is ruled out, an
evaluation for TB infection then needs to be performed.

Table 1 Diagnostic options in children suspected of tuberculosis, with summary of advantages
and disadvantages

Diagnostic
Approach Advantages Disadvantages
Clinical History Easy to undertake and Requires training. Poor
only cost associated is sensitivity and specificity
time of clinical staff
Examination Easy to undertake and Requires training and
only cost associated is appropriate environment.
time of clinical staff Poor sensitivity and
specificity
Scoring systems Allows risk assessment Not validated and poor
without requiring clinical | sensitivity and specificity
expertise
Radiology CXRs Relatively inexpensive Often of poor quality and
and available, low few features
radiation pathognomonic for
TB. Interpretation highly
variable
Computed Demonstrates Expensive, not widely
Tomography intrathoracic lymph nodes | available, large radiation
with greater clarity than | dose
CXR
Magnetic No radiation, excellent Very expensive, very
Resonance definition for soft tissues | uncommonly available,
Imaging often requires general
anaesthetics in young
children
18F-FDG positron | Provides insight into Very high radiation dose,
emission location and metabolic rarely available
tomography/ activity of lesions
computed
tomography
Ultrasound scan No radiation, portable, Poor visualisation through
good for visualisation of | air-filled structures,
fluid and consolidation requires training, subjective
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Diagnostic

Approach Advantages Disadvantages
Microbiology— | Expectorated Easy and cheap, Not possible in children
Sampling Sputum acceptable under about 6 years,

infection control risk needs
to be considered

Gastric Aspirate

Easy and cheap to
perform

Requires equipment, needs

to be performed early in the
morning after an overnight

fast, invasive. Not accepted
in some communities. May
be unpleasant for child.

Induced Sputum

Can be performed as
outpatient and at any time
of day on any age of child

Requires equipment and
monitoring, invasive, some
infection control concerns

Nasopharyngeal Can be performed as Requires equipment,

Aspirate outpatient and at any time | invasive, not well tolerated
of day on any age of child | in older children

Stool Easy and cheap to Sensitivity and specificity

perform

less good than for
respiratory samples

Fine-needle
aspiration biopsy

Easy to perform and can
be done as an outpatient
under local anaesthetic,
good yield

Can be distressing

Tissue Biopsy Often gives definitive Usually requires general
diagnosis anaesthetic, invasive
Endobronchial Allows sampling at site of | Requires expensive
ultrasound disease in lungs, high equipment and training,
yield usually requires a general
anaesthetic
Bronchoscopy Permits visualisation of | Requires expensive

airways and allows
sample collection at the
site of disease

equipment and training,
usually requires a general
anaesthetic

Body fluids, e.g.
CSF, pleural fluid,
pericardial fluid or
ascites

Allows evaluation of
microbiology as well as
other tests—biochemistry
etc.

Low yield, invasive

(continued)
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Diagnostic
Approach Advantages Disadvantages
Microbiology— | Smear Easy and quick to Low sensitivity
Laboratory perform, cheap
Xpert MTB/RIF Better sensitivity than Expensive, needs servicing,
(Ultra) smear, results within requires power supply and
2 hours and provides IT capability
information on drug
resistance
Microscopic Cheap and robust, Takes days for results, kits
Observation Drug | provides information on | not widely available
Susceptibility drug resistance
Assay
Line-probe assay | Provides information on | Requires laboratory
DST to multiple drugs infrastructure and training,
and for multiple for children rarely possible
mutations to perform directly on
clinical specimens
Although can be performed
directly on clinical
specimens, results are often
negative and usually
requires a cultured isolate
leading to time delay
Solid Culture Relatively cheap, easy to | Takes weeks for results,
use requires laboratory
infrastructure and training
Liquid Culture More sensitive than all Takes weeks for results,
other investigations to requires laboratory
detect M tuberculosis and | infrastructure, expensive
drug resistance
Whole Genome Provides information on | Still unclear correlation
Sequencing multiple genes associated | between genotype and
with resistance, permits | phenotypic resistance, for
evaluation of relatedness | children rarely possible to
of strains for perform directly on clinical
epidemiological specimens. Expensive
surveillance
Immunological | Tuberculin skin Cheap and relatively easy | Requires two visits,
tests test to use imperfect sensitivity

especially in young
children and children living
with HIV, specificity
impaired by BCG and
NTM

Interferon-gamma
release assay

Improved specificity; only
requires one visit

Expensive and requires
laboratory infrastructure,
imperfect sensitivity,
especially in young
children and children living
with HIV
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Table 1 (continued)

Diagnostic

Approach Advantages Disadvantages

Histology Histological May give supportive Requires biopsy, and

examination information to aid trained laboratory staft.
diagnosis. Inexpensive May not give definitive
diagnosis

Host RNA Could assist in the Still at experimental stage.

biomarkers diagnosis of TB disease in | Likely to be highly
children who are expensive for several years.
microbiologically
unconfirmed

Adapted from Schaaf HS, Marais BJ, Carvalho I, Seddon JA. Challenges in childhood tuberculo-
sis. In. Migliori GB, Bothamley G, Duarte R, Rendon A. eds. Tuberculosis (ERS Monograph).
Sheffield, European Respiratory Society. 2018; pp. 234-262 [84]. CXR chest x-ray; 7B tuberculo-
sis; CSF cerebrospinal fluid; DST drug susceptibility test; HIV human immunodeficiency virus;
BCG Bacillus Calmette—Guérin; NTM non-tuberculous mycobacteria; RNA ribonucleic acid; IT
information technology

Table 2 Differential diagnoses for children with symptoms of tuberculosis or with granuloma
identified

Common differential diagnoses of tuberculosis Differential diagnoses of granuloma

Bacteria: Bartonella, Lyme, Brucella, Non- Bacterial: Bartonella, Leprosy, Non-

Tuberculous Mycobacteria Tuberculous Mycobacteria

Viral: HIV, EBV, CMV, Adenovirus Fungal: Histoplasma, Coccidiomycosis

Fungal: Aspergillus, Candidiasis, Histoplasma, Parasitic: Schistosomiasis, Cryptococcus

Coccidiomycosis

Sarcoid Inflammatory: Crohns, Rheumatoid,
Wegeners, Sarcoid

Malignancy (in particular lymphoma) Immune: Chronic granulomatous disease

Immunodeficiency with an opportunistic Other: Foreign Body, Berylliosis

infection

HIV human immunodeficiency virus; EBV Epstein Barr Virus; CMV cytomegalovirus

Children Presenting with Symptoms or Abnormal Investigations

TB disease should be considered as part of the differential diagnosis in any child
with suggestive symptoms or investigation results. A list of differentials for TB are
shown in Table 2. Children in this category are either inpatients, seen in the
Emergency Department or are referred from primary care or radiology. Children
can present with a variety of non-specific symptoms which can prompt TB being
considered. Presenting symptoms are varied and include persistent lymphadenopa-
thy (including hilar adenopathy on chest x-ray), chronic cough, prolonged fevers,
failure to thrive, lethargy, weight loss or, less commonly, symptoms of dissemi-
nated TB or TB meningitis. They can sometimes present acutely, with the child
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very unwell. TB disease should be suspected in children with any of these presenta-
tions. The best predictive symptom for a clinical diagnosis of TB disease in young
children is persistent cough, especially if also combined with systemic symptoms
such as weight loss [17, 18]. It is common for parents of infants and young children
to give a history of chronic cough and poor feeding which often reflect recurrent
viral infections and parental anxiety about diet. A detailed history is needed to dis-
tinguish a truly persistent or worsening cough from recurrent episodes of cough
with well periods in between. The risk of disease progression is highest in young
infants, in whom clinical symptoms and radiology are least specific. Infants are
also most likely to have paucibacillary disease and to present the greatest difficulty
in obtaining samples, both of which reduce rates of microbiological confirmation.

Remembering to consider TB as a possible diagnosis is the most important step;
this is more often considered when there is a history of risk factors such as known
TB exposure, previous TB infection or disease, travel to a high-incidence area, or
personal or family origin from a high incidence area. TB endemic areas include
much of Eastern Europe, Russia, Central and Southern Asia, South America and
Africa [5]. The possibility of TB is often overlooked if there is no obvious risk fac-
tor, especially if the onset of symptoms is insidious.

When children present symptomatically, and TB is considered in the differential
diagnosis, assessment should include a history of TB exposure, any TB symptoms,
or any risk factors for TB. It also should include a full clinical examination and
chest x-ray. If symptoms suggest pulmonary TB, appropriate microbiological sam-
ple collection (induced sputum/gastric aspirate) is required, whereas if symptoms
or examination findings suggest any extrapulmonary disease, then other radiology,
and additional samples for microbiology, may be required. Immune testing (TST
and/or IGRA) is not essential for the diagnosis of TB disease but may well add a
valuable piece to the jigsaw; a negative test does not rule out TB disease. Equally,
in somebody who has a high background probability of TB infection, a positive
immune test for TB itself may not necessarily increase the likelihood that the cur-
rent symptoms are due to TB disease. Investigation should be done promptly and
should not delay treatment in children with symptoms suggestive of TB who are
unwell or at high risk of disease severity progression. This includes infants, chil-
dren of any age with significant immune suppression (including HIV/primary
immunodeficiency or on immunosuppressive therapy), children suspected of hav-
ing miliary TB or TB meningitis, or those who are severely unwell requiring inten-
sive care. (Fig. 1).

It is always important when children present with symptoms of possible TB to
ask about TB symptoms in household members and other contacts, as the child may
be the first to present but have an undiagnosed source case in the household [19].
Consideration should be given to arranging chest x-rays and, if coughing, sputum
samples for other household members as part of the diagnostic workup of the pre-
senting child.
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Radiology
Chest Radiology

A chest x-ray is used routinely to assess for pulmonary TB in children, although it
lacks both specificity and sensitivity. The most common pattern of abnormal radiol-
ogy in children with TB disease is primary disease with hilar lymphadenopathy and
adjacent consolidation. There is a high degree of inter- and intra-observer variability
in the diagnosis of hilar lymphadenopathy in paediatric chest x-rays, even with
experienced radiologists [20, 21]. Other patterns of abnormality on chest x-ray in
paediatric TB include other intrathoracic lymphadenopathy, lobar or multi-lobar
collapse or consolidation, cavities, miliary disease and pleural effusions.
Characteristic chest x-ray images are shown in Fig. 2. Extrapulmonary disease may
be incidentally seen on chest x-ray as pericardial effusions, soft tissue or bony infec-
tion or extrapulmonary lymphadenopathy. Pulmonary TB is unlikely in the absence

Fig. 2 Chest radiograph images of children with features suggestive of tuberculosis. (a) Hilar
lymphadenopathy (b) Miliary pattern (¢) Cavities (d) Pleural effusion
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of any lymphadenopathy at all, but lymphadenopathy cannot be excluded by plain
radiography.

Plain chest x-rays are helpful when clearly normal, or characteristic of TB dis-
ease, but may often be abnormal but not clearly suggestive of TB. Changes that are
characteristic of TB are also likely to be more common in children for whom it is
usually possible to diagnose TB by other means—children with a cavity are likely
to have characteristic symptoms and positive microbiology from sputum, and chil-
dren with pleural effusions are likely to have positive immunological tests. There is
also always a differential diagnosis, even of characteristic findings,—a cavity may
be caused by staphylococcal pneumonia, or by fungal infection; there are various
other causes of pleural effusions; and lymphoid interstitial pneumonitis can be mis-
taken for miliary TB in children with HIV infection.

Computed Tomography (CT)

Chest CT is more sensitive and specific than plain radiography at picking up
changes of TB, especially in detecting minor degrees of lymphadenopathy.
However, it involves higher exposure to radiation, and should be used selectively. If
achild is being investigated as a TB contact and has immunological evidence of TB
infection and a normal or equivocal chest x-ray, a decision whether to treat as TB
infection or TB disease can be based on symptoms without using a CT to look for
minor degrees of lymphadenopathy. CT may be particularly useful if there is uncer-
tainty as to the TB diagnosis, no microbiological confirmation and a particular need
for making the correct diagnosis (e.g. after contact with drug-resistant TB, child has
symptoms and normal chest x-rays, or no symptoms and equivocal chest x-ray). CT
may also be useful to assess complications of TB disease such as collapse second-
ary to airway obstruction, or to guide a diagnostic bronchoscopy/endobronchial
ultrasound [22].

Other Radiology

18F-FDG-PET (Positron Emission Tomography)/CT scanning may be particularly
useful in distinguishing TB disease from other causes of anatomically visible lesions
but is not widely used in children because of the high radiation dose involved.
Radiological imaging of non-pulmonary sites is guided by clinical signs and symp-
toms. CT and MRI scans should be contrast enhanced. Ultrasound (US) is increas-
ingly being used in children suspected of TB. For children suspected of having
pulmonary TB, US can be a useful investigation, particularly in young children.
Findings of pleural effusion, abdominal lymphadenopathy and splenic micro-
abscesses indicate TB [23, 24]. For children suspect of having extra-pulmonary TB,
US should be a first-line investigation.
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Microbiology

Microbiological confirmation is the gold standard for the diagnosis of TB disease in
adults, but positive rates of microscopy of acid-fast bacilli (AFB), PCR for M tuber-
culosis and mycobacterial culture are lower in children than in adults [25-27].
Nevertheless, every effort should be made to obtain samples for microbiology. This
allows a definitive diagnosis to be confirmed and offers the possibility of follow-up
testing to confirm cure. It is also the only way to establish whether there is antibiotic
resistance, even if this may be inferred from the resistance patterns of any source
case within the household. The additional information that may be gained when
whole genome sequencing is available is a further reason to encourage sampling.

There is a possibility of M tuberculosis being isolated from respiratory samples
of children undergoing primary infection which they will subsequently contain, but
it is reasonable to interpret all positive microbiological samples as indicating TB
disease.

Specimen Collection

Respiratory samples from children may be collected by a variety of means.
Spontaneous sputum production is the method of choice in children aged above
10 years and should be tried in children from age 5 years (and sometime younger).
In younger children induction of sputum with nebulised hypertonic saline [28, 29],
aspiration from a nasogastric tube [30, 31] and nasopharyngeal aspiration have all
been used [32-34]. Gastric aspiration is relatively invasive, and unpleasant for some
children; sputum induction carries an infection control risk. Children should not be
put through these procedures simply to go through the motions and produce a poor-
quality sample which has little chance of yielding positive microbiology results. It
is important that whoever is collecting the sample is familiar with the procedure,
and units collecting samples infrequently should liaise with their microbiology lab-
oratories to discuss sample collection and handling. Being familiar with a particular
technique to collect adequate volumes of high-quality samples is probably more
important than which technique is selected. Collecting several good-volume sam-
ples by different techniques at the same time may be more useful than sending serial
samples [29, 32, 33].

Bronchoalveolar lavage (BAL) and endobronchial ultrasound (EBUS) to sample
intrathoracic lymph nodes are more invasive alternatives and are not always readily
available. BAL has not been shown to be superior to gastric aspiration in increasing
microbiological yield and should be reserved for specific cases [35]. EBUS may be
useful when there is intrathoracic lymph node disease only [36]. In addition, there
is increasing interest in using stool samples as an alternative to gastric aspirates as a
source of identifying bacteria from swallowed sputum [37, 38].
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Obtaining samples other than sputum should be guided by symptoms and imag-
ing for extrapulmonary sites. The most common other sample would be lymph
nodes [39], but other samples include pus, cerebrospinal fluid (CSF), pleural fluid,
pericardial fluid, ascites, urine, tissue biopsies, synovial fluid or bone. How and
whether to obtain samples should be guided by the degree of uncertainty of diagno-
sis and the relative ease of obtaining the sample. Pleural biopsies give higher micro-
biological yields than pleural fluid alone, and allow histological examination, but
require a more invasive intervention [40, 41].

Laboratory Tests

Sputum, induced sputum, BAL and EBUS samples should be examined by micros-
copy for AFB; gastric aspirate and stool samples have a high rate of false positives
for microscopy for AFB. The current standard remains for three specimens to be
sent, and one of each type of specimen should be tested by PCR, and all also by
culture. Other samples from sterile sites should also be tested by PCR and culture,
although PCR is often not validated for this.

Sputum smear positivity rates in children, other than adolescents with cavitating
disease, remain very low [25]; culture confirmation rates vary between <10 to >50%
[29, 42, 43]. PCR confirmation rates may be up to 45-70% of culture-confirmed
cases in children; the turnaround time for a positive PCR result is much more rapid
than culture [26, 27]. PCR therefore essentially takes the role of smear microscopy
for rapid confirmation of TB disease in children, although a negative PCR does not
rule out the diagnosis of TB. Given that it is associated with the greatest sensitivity
in children, all samples should be sent for culture.

Histology

When samples are taken that include tissue (such as lymph nodes, pleural biopsies
or biopsies from other sites) they should be examined by histology as well as micro-
biology in order to look for typical histological changes such as caseating granulo-
mas, as well as AFB.

Immunological Tests

In a child with symptoms consistent with TB (but also consistent with other aetiolo-
gies), a positive TST or IGRA can lend weight to the diagnosis of TB. Of the two,
TSTs are less specific due to cross-reactivity with BCG and non-tuberculous myco-
bacteria. Previous TB disease or infection is a contraindication to doing a TST but
not to doing an IGRA.
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Clinical Diagnosis

Despite best efforts, there will remain many cases where microbiology is negative,
there is no supportive histology, and radiology is non-diagnostic. Exposure history
and immune testing are strongly supportive of TB, but do not diagnose TB disease
alone. Clinical symptoms then remain the cornerstone of diagnosis. There is no
substitute for a longitudinal weight chart, but this is often missing; a detailed symp-
tom history, supplemented by clinical examination, remains paramount. Repeated
studies have shown that prolonged unremitting cough together with constellations
of multiple systemic symptoms (especially fever, anorexia and weight loss) are the
best predictors of TB disease [17, 18]. Time is also an important component of a
clinical diagnosis. For most children with pulmonary TB who are not acutely
unwell, there is no urgency to initiate treatment. A review in 10-14 days without TB
treatment (with or without empiric broad-spectrum antibiotics such as amoxicillin)
will provide a useful triage, as many infections that can cause similar symptoms will
resolve in that time. A child with symptoms persisting beyond this period is more
likely to have TB disease.

Novel Tests

Several non-sputum tests are in development [44]. An RNA gene expression study
has demonstrated that a 51-transcript signature is able to differentiate TB disease
from TB infection and other diseases in children [45]. A T-cell activation marker
assay (TAM-TB) has also demonstrated promise [46]. If it is possible to translate
these research tests into truly point-of-care tests, and retain good sensitivity and
specificity, while keeping costs low, the landscape for childhood TB diagnostics
may change considerably.

Treatment

Treatment Regimens

The principles underlying the design of treatment regimens for children are similar
to those of adults. For drug-susceptible disease, three or four drugs are used during
an intensive phase (usually two months) followed by two drugs during a continua-
tion phase (usually for a further four months). Currently isoniazid, rifampicin and
pyrazinamide (with or without ethambutol) for two months followed by four months
of isoniazid and rifampicin is the most commonly used regimen [12, 13, 47]. This
regimen is associated with good outcomes in children. With a fully susceptible
organism, in an immunocompetent child with good adherence, the addition of
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Table 3 First-line anti-tuberculosis drugs, dosages and associated adverse events

Dose Max Most common
(range) daily adverse events
(mg/kg/ | dose associated with
Drug Abbreviation | day) (mg) | Preparations medication
Isoniazid H or INH 10 mg/kg | 300 50 mg & 100 mg Peripheral
(7-15 mg/ tablets Neuropathy
kg) Rifinah 300/150 Hepatitis
Rifinah 150/100
Rifater 120/50/300
Voractiv
150/75/400/275
Macleods FDC
(RHZ 75/50/150 or
RH 75/50)
Rifampicin |RorRIFor |15 mg/kg | 600 150 & 300 mg Hepatitis
RMP (10- capsules Discoloration of
20 mg/ Rifinah 300/150 secretions
kg) Rifinah 150/100 Drug interactions
Rifater 120/50/300 | with multiple other
Voractiv medications
150/75/400/275
Macleods FDC
(RHZ 75/50/150 or
RH 75/50)
Pyrazinamide | Z 35 mg/kg | 2000 | 500 mg tablets Hepatotoxicity
(30- Voractiv (RHZE) Arthralgia/arthritis
40 mg/ 150/75/400/275
kg) Macleods FDC
(RHZ 75/50/150)
Ethambutol |E 20 mg/kg | 1600 | 100 mg &400 mg Red/green colour
(15- tablets blindness
25 mg/ Voractiv (RHZE) Optic Neuritis
kg) 150/75/400/275

ethambutol is not essential. Shorter regimes may be effective and safe in children,
especially those with paucibacillary disease. This is currently under investigation in
the SHINE trial comparing outcomes with four- and six-month regimens [48].

The dosages recommended by WHO were increased in 2011 following a review
of pharmacokinetic data [47]. Studies are underway to evaluate much higher dos-
ages of rifampicin in children [49]; if this is found to be safe, it may also help in
reducing treatment duration. Current recommendations are shown in Table 3 and
include rifampicin 15 mg/kg (range 10-20 mg/kg), isoniazid at 10 mg/kg (range
7-15 mg/kg), pyrazinamide at 35 mg/kg (range 30-40 mg/kg) and ethambutol
20 mg/kg (range 15-25 mg/kg [12]. Doses are now recommended in weight-bands,
enabling treatment using both single drug tablet formulations and fixed drug com-
bination (FDC) tablets (Table 4). Such FDCs are advantageous in avoiding the need
for liquid formulations, especially if they are dispersible and can therefore be used
in younger children unable to swallow whole tablets. They are more palatable than
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Table 4 Dosing of first-line anti-tuberculosis medication by weight band and available
preparations

Isoniazid
Weight | Rifampicin | 10 mg/ | Pyrazinamide | Ethambutol
band 15 mg/kg | kg 35 mg/kg 20 mg/kg | Available preparations

4-7 kg 75 50 150 100 * Macleods FDC (RHZ
75/50/150 or RH 75/50) 1
tablet

8-11kg | 150 100 300 200 « Rifinah 150/100 1 tablet

[Pyrazinamide 500 mg V2 tab

plus syrup 50 mg]

* Macleods FDC (RHZ
75/50/150 or RH 75/50) 2
tablets

12-15 kg | 225 150 450 250 « Rifinah 150/100 1 tab plus

2100 mg tab Isoniazid &

75 mg Rifampicin syrup

* Macleods FDC (RHZ
75/50/150 or RH 75/50) 3
tablets

16-24 kg | 300 200 600 400 * Rifinah 150/100 two tabs

* Macleods FDC (RHZ
75/50/150 or RH 75/50) 4
tablet

25-40 kg | 450 300 15g 500 * Rifinah 150/100 one tab and

rifinah 300/150 one tab

>40 kg | 600 300 2¢g 15 m/kg * Rifinah 300/150 two tabs,

« Rifater 5 tabs

liquids and avoid the excessively large volumes that otherwise need to be stored,
carried by families and carers and swallowed by children. Availability of FDCs suit-
able from newborns upwards has been supported by the WHO, UNICEF and TB
Alliance [50, 51].

The design of treatment regimens for drug-resistant TB in children again follows
similar principles to adults. Second-line agents have greater adverse effects and lack
of availability of appropriate formulations to use in children add to the challenge of
treatment, especially for MDR-TB. This is particularly true for the desire to avoid
injectable agents with very high risks of sensorineural hearing loss [52], devastating
at an early stage of development. For less extensive disease, there is increasing data
suggesting acceptable outcomes with shorter and less intense regimes than the tra-
ditional 18-24 month regimens recommended for adults with MDR-TB [53].

Adverse Effects and Monitoring
Otherwise healthy children usually tolerate TB medications well without adverse

effects requiring interruption of treatment [54]. It is important to assess the likeli-
hood of adverse events and monitor accordingly. Concurrent liver disease or
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potentially hepatotoxic medications should lead to proactive monitoring of liver
function whilst on therapy. It should be noted that mild-moderate rises in liver trans-
aminases are expected on therapy and are not of themselves an indication to inter-
rupt treatment. Monitoring liver function on treatment is not necessary in all children
especially if baseline liver function tests are normal. In this regard it is important to
test for co-infection with hepatitis B and hepatitis C, as well as HIV. Patients and
families/carers need to be counselled about expected side effects such as discoloura-
tion of urine and secretions. Written information leaflets and support from TB spe-
cialist nurses can be very beneficial in providing the reassurance that is required.
This is important in maintaining good adherence to therapy. Two months therapy
with the currently recommended dose of ethambutol appears to have a low risk of
optic neuritis [55]. However, where children are old enough to report visual symp-
toms, this should be proactively asked about.

Drug Interactions

As well as closer monitoring for adverse effects, certain concurrent medications
may necessitate alteration of TB drug doses and use of therapeutic drug monitoring.
A paediatric pharmacist should be involved in decisions on drug monitoring and
dose manipulation. Anti-TB medication may also affect levels of other medication.
Rifampicin is a potent inducer of the cytochrome P450 enzyme system in the liver
and can cause problems with dosing for multiple other drugs [56]. One of these is
the oral contraceptive pill which may be used in adolescent girls for contraception
or menorrhagia. Patients should be counselled to use other means of contraception.
Another important interaction is with antiretroviral medications, and potentially
with anticonvulsants and with steroids.

Follow up

It is important to regularly follow up children on treatment for TB disease. This is
to ensure they are responding well to treatment, do not have any adverse effects of
therapy and to help maintain adherence through to completion. Many children will
not need follow up in clinic beyond treatment completion, such as for cervical
lymphadenitis, or for small volume pulmonary disease with complete symptom
resolution and without reported impairment of exercise tolerance. The need for fol-
low up beyond successful treatment completion depends on the site and extent of
disease, and the impact it has had on organ function because of disease. Children
may require more specialist ongoing input, for example from neurodevelopmental
services for CNS disease or for respiratory services for post-TB pulmonary
impairment.
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Adherence

Maintaining adherence to therapy for the duration of the treatment course is key to
ensuring cure. Poor adherence not only increases the likelihood of treatment fail-
ure but risks leading to the evolution of resistance to the agents that have been
used. This is particularly the case when some but not all drugs are taken, or the
drugs are taken intermittently. Adherence can be challenging in children who
quickly become asymptomatic. Support for the child and the family/carers from
healthcare professionals is key to this success. Compared to self-caring adults, all
children require an extra degree of enhancement to case management. For many
there will be confidence that parents/carers can provide assurance that medication
is being taken. Where there are challenges with swallowing or accepting medica-
tion, it is important to engage healthcare professionals with experience in support-
ing medication adherence, such as play specialists, paediatric pharmacists and TB
nurses. In certain cases, it may be preferable to undertake training use dummy pills
or small sweets to achieve success. Where there is lack of assurance about adher-
ence and for cases of MDR-TB and TB meningitis, direct observation of swallow-
ing of medication by healthcare professionals may be necessary. This may be done
remotely observing time-stamped video recordings of medication being swal-
lowed [57].

Adolescents require support around adherence as this is a period of life during
which adherence to medications is frequently poor [58]. Adherence support needs
to be delivered in an adolescent-appropriate environment and using appropriate lan-
guage. Websites, leaflets, or even peer support groups can help, as can text messag-
ing. Educational and behavioural interventions may be of use and specialist nurses
or psychologists can perform a vital role.

Future of Treatment

The aim of treatment is to use as few drugs for as short a time as is required for cure
and prevention of relapse without the risk of resistance development. Ideally the
regimen would be tailored to the individual based on host and pathogen factors.
This is not currently possible, hence the duration of regimens in published guid-
ance often reflects a compromise that is expected to cure the majority without
undue toxicity. In time, it is likely to become more feasible to stratify patients in
routine practice in terms of extent of disease and pharmacokinetic profile. Combined
with whole genome sequencing of isolated organisms, the future may be much
more personalised with regimens tailored to the combination of host and pathogen.
It is hoped this would lead to maximal cure, minimal duration and few adverse
effects.
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Central Nervous System Disease

TB can cause a spectrum of disease in the central nervous system (CNS), including
most commonly, tuberculomas, TB meningitis and spinal TB. In children with focal
neurology or altered consciousness, a CT brain should be performed urgently and
discussed with neurosurgeons, with subsequent MRI of brain and spine. MRI may
show characteristic cerebral tuberculomas (discrete ring-enhancing lesions) or basal
enhancement in the case of meningitis. Dilated fundoscopy should always be per-
formed in suspected TB meningitis to look for retinal tuberculomas. In the absence
of contra-indications such as raised intracranial pressure, a lumbar puncture should
be performed (ideally with opening pressure) and samples sent for MC + S, glucose,
protein, AFB, PCR and TB culture, alongside the other differential diagnostic tests.
Note that the diagnostic yield of PCR from CSF increases with increased volume of
CSF. It is safe to take 2-4 ml of CSF from a term neonate, 6-9 ml from an infant and
10-15 ml from an adolescent [59]. Current recommendations are to treat CNS TB
for 12 months (the standard 2 months of intensive phase and 10 months continua-
tion phase). This remains the current WHO guidance [12], yet is based on limited
evidence [60]. Replacing ethambutol with agents with better CNS penetration (such
as ethionamide/prothionamide, moxifloxacin or levofloxacin), and increasing the
dosage of the drugs, may permit shorter duration of treatment in TB meningitis, as
has been reported in cohorts in South Africa [61]. This is being investigated cur-
rently in the TBM-KIDS [62] and the SURE trials [63].

In addition to anti-microbiological therapy, it is increasingly recognised that it is
also important to modify the damaging host-mediated responses that lead to exces-
sive inflammation and tissue damage. Corticosteroids are advised for CNS TB as
well as for other indications, such as TB pericarditis and for intrathoracic disease
that compresses the airways [12]. Other host-directed therapies are under evaluation.

HIV Co-infection

Globally, HIV infection is an important risk factor for TB in children, with HIV
increasing the likelihood of developing TB almost eight-fold in children [11].
Conversely, children with known HIV infection in low-prevalence settings have
rates of TB disease substantially higher than the general population, and at least
three times higher than children with similar risks of exposure to TB [64]. All chil-
dren diagnosed with TB disease should have an HIV test, and some guidelines rec-
ommend testing for HIV in all children screened for TB infection (as well as
considering screening for hepatitis B and C) [13].

All children living with HIV should be screened for TB infection and disease at
diagnosis and regularly on review. TB disease can hasten progression of HIV



Tuberculosis in Children and Adolescents 133

infection, and the reduced immunity of HIV increases disease progression risk for
TB. Treatment with antiretrovirals mitigates but does not remove the additional
risks. There are also multiple potential drug interactions (especially rifampicin-
induced metabolism of antiretrovirals) and increased risks of side effects from com-
bining anti-TB and antiretroviral medication. There is also a risk of paradoxical
worsening of TB symptoms during immune reconstitution after starting antiretrovi-
ral medication (Immune Reconstitution Inflammatory Syndrome) [65]. Nevertheless,
data show that initiation of antiretroviral treatment as soon as possible after starting
TB treatment improves prognosis (with the possible exception of TB meningitis)
[66, 67]. It is essential that children with TB/HIV coinfection are managed accord-
ing to national guidelines, and by clinicians experienced in managing both condi-
tions [68, 69].

Decision-Making around Tuberculosis Infection Treatment

Immune-Based Tests

Both the TST and IGRA measure host immune response to mycobacterial antigens
and demonstrate evidence of prior exposure to TB. They cannot distinguish between
infection and disease, nor between past resolved and ongoing infection. These tests
should be regarded as a “rule in” test for TB infection. They are less reliable in the
diagnosis of TB disease. The tests must be used and interpreted with caution as false
negative rates of up to 20% are seen due to malnutrition, steroids and TB disease
itself. The IGRA is more specific than the TST as it is not influenced by previous
BCG vaccination or non-tuberculous environmental mycobacterial exposure [70].
There are two, main commercial IGRAs currently used, the QuantiFERON-TB (the
most recent generation is the QuantiFERON-TB Gold Plus) and TB ELISpot (the
T-SPOT.TB).

To perform a TST, purified peptide derivative (mycobacterial antigen) 2 U
(0.1 ml of 20 units/ml strength) is injected intradermally into the left anterior fore-
arm. The reaction is read at 48—72 hours and any lateral induration is measured.
Induration indicates possible TB infection with the greater the diameter of the indu-
ration the greater the likelihood of TB infection. There is differing guidance between
countries and international guidelines regarding how to interpret the TST results.
This reflects the incorporation of several different factors including differing pre-
test probabilities based on TB prevalence rates, use of BCG vaccine and national
cost-effectiveness assessments. The current UK cut off for TST positivity after TB
exposure is now >5 mm, regardless of BCG vaccination status [13]; WHO recom-
mends a cut-off of 10 mm [12].
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Management of TB Infection

All children should be evaluated for evidence of TB disease with history, examina-
tion and chest X-ray. If the child does not have TB disease, then a decision needs to
be made regarding the provision of TB infection treatment. Given the high risk of
disease progression in the youngest children and the limitations of the tests of infec-
tion in this age group, we recommend all exposed children under two years of age
are assessed by a paediatrician with TB expertise. Given the higher risks of both
infection leading to disease and rapid disease progression, many clinicians treat all
children under the age of two years who have been exposed to an infectious TB
case, without testing with TST or IGRA due to concern about the ability to confi-
dently rule out infection with immune-based tests. Neonates (babies under four
weeks) can be given isoniazid (10 mg/kg daily, although 5 mg/kg should be consid-
ered in premature or low birthweight babies) [71] with pyridoxine (5 mg daily) for
six months. Children between four weeks and two years of age can be treated with
either three months of both daily isoniazid (10 mg/kg) and rifampicin (15 mg/kg) or
6 months of daily isoniazid alone [72]. If the child has not received the BCG vac-
cine, then at the end of treatment, they should have a TST or IGRA, and if negative,
BCG should be given.

As the risk of disease progression is lower in older children, and as the tests of
infection perform better, most clinicians use these tests from the age of about two
years to inform treatment decisions. Initially, children of this age can be evaluated
by the community TB team without necessarily needing referral to see a doctor. If
they have any symptoms of TB disease, they should be referred for medical review.
There are several approaches for the evaluation of these children, including use of
TST alone, IGRA alone, IGRA then TST or TST then IGRA. If the child has been
recently exposed, it may be necessary to repeat tests of infection as the child may
have become infected but have not yet mounted an immune response necessary to
cause a test of infection to become positive. A suggested algorithm is outlined in
Fig. 3. WHO policy is to treat all child TB contacts younger than five years for TB
infection, and in recognition of this, many centres have a low threshold for starting
patients aged two to five years of age on a TB infection regimen, as this group is at
higher risk of primary progressive disease and dissemination than older children.
Generally, once all investigations and treatment are completed, and if the child has
not previously had BCG, a BCG vaccine is recommended. Treatment can be with
isoniazid daily alone for six months or with isoniazid and rifampicin both daily for
three months [13, 73-75]. Emerging regimens include (1) weekly isoniazid and
rifapentine for three months [76, 77], (2) daily isoniazid and rifapentine for one
month [78], and (3) daily rifampicin for four months [79, 80].

Adherence to TB infection treatment can be poor as the child is not unwell [81].
It is important to invest the time to explain to children and parents the reason for
their treatment and the severity of TB disease should it occur. Use of leaflets and
websites can help. Families should be warned about the common effects of taking
the medications, particularly around the discoloration to secretions that rifampicin
causes. Rare side effects should also be discussed, such as hepatotoxicity (all
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Child or adolescent >2
years of age following
significant exposure to
an infectious case of
pulmonary TB

Child <2 years of age
following significant
exposure to an

infectionus case of
pulmonary TB

{
If asymptomatic, perform If symptoms are present
TST then refer to an
| appropriate specialist for
* investigation and
management
[ If TST is positive (=5mm) ] If the TST is negative
(<5mm)
Perform TST or IGRA at
6-8 weeks Refer to paediatrician
for clinical assessment
and chest x-ray
\] Y Consider empiric
( Treatfor TBinfection J( fthe TST or IGRA is If the TST or IGRA is treatment of infection
positive then treat for TB negative then in all once TB disease is

ruled out

infection recommend BCG vaccine

(if not already given) and
discharge

Fig. 3 A suggested algorithm for decision-making around the provision of tuberculosis infection
treatment in children and adolescents. 7B tuberculosis; 75T tuberculin skin test; /GRA interferon-
gamma release assay; BCG Bacillus Calmette—-Guérin

rifamycins and isoniazid) and peripheral neuropathy (isoniazid). The family should
be told what to do should they have any concerns about these adverse events and
whom to contact. Risks of drug-induced hepatitis are even lower than for pyrazin-
amide containing treatment regimes, so it is not necessary to monitor whilst on
therapy if baseline is normal. In children it is usually not necessary to test liver func-
tion prior to prescribing TB infection treatment and not necessary to do so routinely
while on treatment. However, should the treating team have any concerns, either
prior to, or during treatment, they should have a low threshold for evaluating func-
tion. Practice regarding follow up of children post completion of TB infection treat-
ment is varied—many clinicians follow up the youngest children for a year. Older
children who are well probably do not need to be seen after they have completed
their treatment. For children treated for TB infection, follow up chest X-rays are not
required in the absence of new symptoms.

Other Issues

Infection Control

Although children generally have paucibacillary disease, and are therefore less
infectious, it is good practice to put all patients suspected of having pulmonary TB
disease in isolation, ideally in negative pressure cubicles where available, until
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infectiousness status determined [82]. Parents are often the index case and should
be screened with chest x-ray, sputum examination and TB immune test (IGRA/
TST) as soon as possible, and should wear surgical masks in communal hospital
areas until confirmed to be non-infectious. This also serves to identify potentially
infectious family members who may have been the source case for the child. If
symptomatic they also require sputum testing and clinical assessment. Staff and
well parents/relatives/friends should wear FFP3 masks to prevent nosocomial trans-
mission when in the cubicle. Unwell children should wear surgical masks when
leaving the cubicle until assessment of infectiousness is complete. As with adults,
infectious individuals with fully susceptible M. tuberculosis cease to be infectious
approximately two weeks after commencing effective medical treatment for drug-
susceptible TB, or when previously positive sputum has become negative for AFB.

Impact on School and Education

Older children and adolescents with infectious TB disease will be required to miss
two weeks of school until the risk of transmission has decreased. The national edu-
cation union (NEU) in the UK has information for schools on the approach to cases
of TB in schools, both in terms of TB screening within the school and supporting
the individual child with TB disease [83]. Timing of treatment may impact on
school, and working with families to develop a routine that can be adhered to is
vital. Children with MDR-TB who require longer hospital admission and experi-
ence more adverse effects face the greatest impact on schooling and education, and
a multi-disciplinary approach including the family, clinical nurse specialists and
teachers may be required to limit the impact for the child.

Child Protection

Children with TB infection and disease who are not brought to medical appoint-
ments or do not adhere to treatment represent a high clinical risk and a safe-guarding
assessment should be performed if this is a regular occurrence. If, following discus-
sion and explanation with the family there are ongoing concerns, or any other safe-
guarding concerns identified, a child protection referral should be made.

Conclusions

Children and adolescents represent an important component of the overall TB epi-
demic. Due to diagnostic and treatment challenges, they require an approach which
is holistic and inclusive and meets the needs of the family as well as the child. In the
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youngest children, a microbiologically confirmed diagnosis is less common, and TB
disease frequently must be diagnosed clinically, on a basis of contact history, symp-
toms, signs and radiology. For adolescents, the diagnosis is less challenging but
creating an environment that is welcoming and inclusive is crucial to supporting
them through treatment for both infection and disease. New scientific developments
in diagnosis and treatment of TB in children are likely to be translating from the
bench to the bedside in the coming years and it is hoped that a TB-free generation
will be seen soon.
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Introduction

From the first consistent reports in 1981 of Acquired Immunodeficiency Syndrome
(AIDS), it is estimated that over 35 million people worldwide have died as a result
of infection with the causative organisms—Human Immunodeficiency Viruses 1
and 2 (HIV) [1, 2].

Worldwide, there are currently an estimated 37 million people living with HIV
(PLWHIV) [2]. Their risk of developing TB disease is around 20 times that of an
HIV negative population [3]. This is due to an increased risk of both progression to
active TB disease in primary infection and reactivation of latent TB infection (LTBI)
[1, 3]. TB remains the leading cause of death among PLWHIYV, accounting for
nearly one third of all HIV-related deaths.

HIV infects and damages cells that display CD4 antigen molecules on their sur-
face, in particular the T-helper 1 subset of CD4+ T lymphocytes. Dysregulation of
adaptive immunity by depletion of CD4 cells is a key pathway through which HIV
increases the risk of TB. However, unlike the opportunistic infections (OI) typically
associated with severe disease in PLWHIV, the risk of TB is increased at all stages
of HIV infection compared to HIV uninfected people. This includes early in HIV
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infection when the CD4 count remains high. In TB endemic settings, an increased
risk also remains in patients using HIV antiretroviral treatment with high blood
CD4 counts and undetectable HIV loads. This strongly suggests that CD4 T cell
depletion is not the only mechanism by which HIV impairs host defences against
TB. Other aspects of the immune system, including macrophages and cytokines
(such as tumour necrosis factor alpha TNFa and interferon gamma IFN-y) play key
roles in the control of M. tuberculosis infection and are known to be detrimentally
affected by HIV [4].

HIV and TB exist in a dangerous synergy, as infection with TB can also worsen
the clinical course of HIV. Proinflammatory cytokine production in response to
M. tuberculosis may lead to increased viral transcription and therefore disease pro-
gression [5, 6]. A key clinical practice message is that all patients diagnosed with
TB should be offered testing for HIV, and risk of TB should be considered in all
those diagnosed with HIV. To achieve best patient outcomes in both high and low
burden countries, it is essential that HIV and TB services are integrated, as success-
ful treatment of one condition is fundamentally related to the other.

Epidemiology

TB/HIV co-infection occurs throughout the world, with the highest burden seen in
southern Africa (Fig. 1). The WHO estimates that ten million people developed
tuberculosis in 2017 and 920,000 (9%) were living with HIV. 72% of these co-
infected cases occurred in the WHO Africa region [2, 3].

In 2017, tuberculosis caused 1.6 million deaths. 300, 000 (19%) of these were in
PLWHIV. Countries where HIV, TB and drug resistance overlap face the highest
burden from these pandemics (Fig. 2).

The number of deaths from tuberculosis in PLWHIV has fallen by 44% since
2000 [3]. Most of this reduction has occurred in African countries and is attributable
predominantly to increased HIV testing and antiretroviral therapy (ART) coverage.
However, TB remains the number one cause of death among people with HIV in
Africa, and a leading cause of death in PLWHIV worldwide, accounting for 1 in 3
HIV-related deaths [2].

While overall cases of tuberculosis continue to fall in the WHO European
region, HIV/TB co-infection numbers are rising. The proportion of TB in PLWHIV
has increased from 3% in 2008 to 13% in 2017 [3]. In the UK, under 3% of people
with TB are coinfected with HIV. The majority of these are born outside of
the UK [7].
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Table 1 Factors associated with an increased risk of active TB in people living with HIV

Patient-related factors | HIV-related factors TB-related factors
Lower socio-economic Not on ART From a TB endemic
group country

Low BMI (<18.5 kg/m2) | Advanced clinical stage of HIV (WHO Previously reported TB*
stage 3 or 4)

Haemoglobin <100 g/ | Low blood CD4 count
High plasma HIV load

*some studies only

Risk Factors for Tuberculosis in HIV Infection

Many studies have looked at specific risk factors for the development of tuberculo-
sis in PLWHIV, with a number of variables being potentially implicated (Table 1).
The strongest and most consistent associations are with impaired host immunity
(reflected in low blood CD4 count, poor adherence to ART and more advanced stage
of HIV) and system factors, such as lack of access to ART (Table 1) [8, 9, 10]. This
is an important message for both healthcare providers and policy makers wanting to
reduce the global impact of HIV/TB co-infection.

Clinical Features and Diagnosis of TB in HIV Co-infection

Tuberculosis is infectious to everyone, irrespective of their immune status.
Therefore, its management (including diagnosis and treatment) is a public health
priority. Tuberculosis can occur at any stage of HIV infection and accurate diagno-
sis can be challenging, as HIV infection and its resulting immune dysregulation
modifies the clinical presentation of TB.

Symptoms and signs are often not those characteristically associated with
TB. This is particularly so in people with advanced HIV disease, reflected in a blood
CD4 count of <100 cells/pL (normal >400 cells/pL). Here, the presentation may be
with non-specific symptoms such as fever, weight loss and marked systemic upset.
During assessment, the differential diagnosis and associated investigation needs to
be broad—including for other systemic infections such as disseminated fungal dis-
ease, as well as malignancies in particular lymphoma.

Extrapulmonary and disseminated TB are more frequently seen in PLWHIV;
although pulmonary TB (PTB) is still its most common manifestation. Here the
presentation may be with typical features of TB (cough, sputum, haemoptysis and
malaise as well as fevers and weight loss) or there can be few specific symptoms [1].

It is well recognised that some PLWHIV are asymptomatic, despite microbio-
logical evidence of active tuberculosis, and are only detected when formally
screened for TB disease. Inevitably this is particularly so in TB and HIV endemic
areas, where it has been reported in up to one in four of evaluated subjects [11, 12].
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Diagnosis of Pulmonary TB in HIV

In many settings smear microscopy and chest radiographs (CXR) remain the cor-
nerstone of TB diagnosis. CXR appearances may be more difficult to interpret in
HIV, depending on the stage of immunosuppression, with atypical features increas-
ingly common in more advanced immune dysfunction (Table 2) [13, 14].

People with advanced HIV are more likely to be sputum smear-negative than
those who are HIV uninfected. In patients unable to produce a good quality sputum
sample spontaneously, induced sputum or bronchoalveolar lavage (BAL) should be
considered. Patients should be asked to provide at least two sputum samples when
being investigated for TB. Although BAL and even induced sputum sampling are
unlikely to be performed more than once during diagnostic work-up, it is important
to maximise sample collection when these are done. A good practice point, there-
fore, is to ask patients to collect any sputum they produce post-procedure as this can
often add to the overall diagnostic yield.

Just as in HIV negative populations, current mycobacterial Interferon Gamma
Release Assays (IGRA) used in the diagnosis of latent TB infection (LTBI) are nei-
ther sensitive nor specific for TB disease in PLWHIV and should not be regarded as
a test to diagnose or exclude active TB [15].

Molecular Testing in Pulmonary TB

Molecular testing methods are increasingly part of the routine diagnostic work-up
for TB. The Xpert MTB/RIF (Cepheid, Sunnyvale, USA) is a rapid, cartridge-based
nucleic acid amplification test that can detect MTB complex DNA and the rpoB
gene mutations that confer resistance to rifampicin (in itself generally a good indi-
cator of multidrug resistant TB). It is designed to be used on primary samples, such

Table 2 Presentation of Pulmonary TB (PTB) depends on stage of HIV infection

PTB Late HIV infection
Features HIV negative & early HIV disease | (blood CD4 count < 100 cells /pL)
Overall Resembles post-primary Resembles primary PTB
picture (reactivation) PTB
CXR “Typical appearance” “Atypical appearance”
Cavitation Cavities rare
Upper lobe involvement, often Consolidation/interstitial infiltrates, may
predominantly unilateral have basal predominance
Intrathoracic (hilar/mediastinal)
lymphadenopathy
Miliary disease
Pleural effusions
CXR may appear normal
Sputum More likely to be smear positive More likely to be smear negative
smear
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as sputum and some extrapulmonary fluids. Results are available within two hours,
which is of particular benefit in settings where access to healthcare is difficult and
people are less likely to attend for return visits and results [16].

In high prevalence TB settings Xpert MTB/RIF has a sensitivity of 88% and a
specificity of 99% compared to culture in adult pulmonary TB. In contrast the sen-
sitivity of microscopy is around 50-60%. However, the sensitivity of Xpert MTB/
RIF is reduced in PLWHIV to only 79% [17].

The newer Xpert MTB/RIF Ultra (Cepheid) has improved sensitivity in patients
with pauci-bacillary sputum such as PLWHIV. This increase in sensitivity does
come with the cost of a decrease in specificity. The overall sensitivity for PTB in
PLWHIV is 90% with specificity of 96% (compared to 98% for Xpert) [18]. Xpert
Ultra was endorsed by the WHO in 2017 for sputum and selected extrapulmonary
samples.

In the UK, it is recommended that molecular testing is performed on all smear
positive respiratory samples. This allows early discrimination of MTB complex
from non-tuberculous mycobacteria plus rapid detection of likely rifampicin resis-
tance. It may also be considered in smear negative samples where the index of sus-
picion for TB is high. Molecular tests should be performed in conjunction with
confirmatory culture and drug susceptibility testing [15].

Whole genome sequencing (WGS) can give detailed genotypic drug resistance
information and identify patterns of MTB transmission. This may be of particular
use in populations such as PLWHIV who are at increased risk of active TB. However,
it requires a positive culture and cannot yet routinely be performed on primary spec-
imens. It has been shown to be feasible for use in high resource settings with a low
TB burden. It has yet to be validated in low resource settings with high rates of HIV/
TB co-infection [19].

Diagnosis of Extrapulmonary TB in HIV

The risk of extrapulmonary and disseminated TB increases with more advanced
HIV disease, reflecting the inability of the damaged immune system to contain the
infection. Lymph node (usually cervical) and pleural disease are most common.
However, any site can be involved including the central nervous system (TB menin-
gitis, cerebral tuberculoma), soft tissues (psoas muscle), bones (particularly the tho-
racic spine), gastrointestinal tract (ileocaecal, peritoneal) and pericardium [1]. Some
reports have found disseminated HIV-associated TB (involving multiple organ sys-
tems) in 90% of post-mortem cases [20]. Starting treatment promptly can avoid
some of these deaths—with best outcomes being achieved when multiple diagnostic
samples are obtained from suspected cases pre-treatment. These include mycobac-
terial blood cultures, early morning urine and stool samples [20, 21].
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Pleural TB

149

In HIV endemic settings, TB is the most common cause of a lymphocyte-
predominant pleural effusion. In the immunocompetent host, TB pleuritis is pauci-
bacillary in nature and smear microscopy of pleural fluid is almost always negative.
However, in PLWHIV microscopy may be positive in up to 20% of cases and this
can increase further with lower blood CD4 counts [22]. Investigation is similar in
HIV positive and negative individuals (Table 3). Pleural biopsy (via closed needle

Table 3 Diagnostic tests in pulmonary and selected extrapulmonary sites of TB with HIV

co-infection

Disease site Radiology | Samples Diagnostic Tests HIV specific features
Pulmonary CXR Sputum Smear microscopy | Atypical CXR and
CT thorax | Induced sputum | Culture smear negative more
BAL Xpert MTB/RIF likely in advanced HIV
Endobronchial | [Ultra]
biopsy
Pleural CXR Pleural fluid Pleural fluid cell Microscopy more
Thoracic Pleural biopsy | count sensitive in HIV
US (+ Induced Adenosine
sputum/ BAL) | Deaminase
Microscopy
Culture
Xpert MTB/RIF
[Ultra] on fluid and
biopsy samples
Lymph Node |US lymph |FNA Microscopy
nodes Excision biopsy | Culture
Xpert MTB/RIF
[Ultra]
Gastro- US/CT Biopsy Microscopy Abdominal
intestinal abdomen Ascitic fluid Culture lymphadenopathy more
Stool Xpert MTB/RIF common and
[Ultra] on biopsy ascites less common in
samples HIV [30]
CNS MRI brain | CSF CSF cell count, CSF may be acellular in
CT brain protein, glucose advanced HIV
Xpert MTB/RIF
[Ultra]
Microscopy
Culture
Disseminated | CT Sputum Mycobacterial blood | Urine LAM if CD4
MRI brain | Blood cultures count <100; or if patient
CSF Urine LAM severely ill
Urine

ADA adenosine deaminase, BAL bronchoalveolar lavage, CSF cerebrospinal fluid, CT computed
tomography, CXR chest radiograph, FNA fine needle aspiration, LAM lipoarabinomannan, MR/
magnetic resonance imaging, US ultrasound
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biopsy or medical thoracoscopy) increases the likelihood of positive microscopy
and culture and is recommended if available [23].

Central Nervous System TB

TB meningitis (TBM) is the commonest manifestation of CNS TB and the most
severe form of tuberculosis. It has a high morbidity and mortality (up to 50% in
some case series), in part due to diagnostic delays from its insidious and variable
presentation [24]. An altered level of consciousness may be seen more frequently in
PLWHIV [25]. Cerebral infarcts are also more commonly present on cranial imag-
ing [26]. Investigation of suspected TBM is the same as HIV uninfected individuals,
although the differential diagnosis for potential CNS infection in HIV is broader—
including for example fungal infections and lymphoma. It is important to note that
CSF may be acellular in advanced HIV disease [24].

Disseminated TB

Disseminated TB occurs following lymphatic or haematogenous spread of TB
bacilli from the lungs to multiple other body sites. It is more common in advanced
HIV infection and may present with a range of non-specific symptoms, creating
diagnostic difficulty. Mycobacteraemia may be detected, and blood cultures for
MTB should be obtained [27]. TB blood cultures are up to 5 times more likely to be
positive in HIV positive than negative individuals [28].

Detection of mycobacterial lipoarabinomannan (LAM) in the urine is an adjunc-
tive indicator of disseminated TB. Determine TB-LAM is a commercial low cost,
point of care urine dipstick test. It has poor sensitivity when used for screening in
the general population and is optimal in those with low CD4 counts. It has been
shown to identify patients at high risk of death and leads to reduced mortality in
severely ill patients, who particularly benefit from early commencement of treat-
ment for TB. Urine LAM testing is recommended by WHO in adults with HIV
infection, signs and symptoms of TB and CD4 counts of 100 cells /pL or less [29].
New assays are being developed which have greater sensitivity, and hence may be
more broadly-useful rule out tests in PLWHIV with suspected active TB.

Treatment of active TB/HIV Co-infection

Effective antiretroviral therapy became a reality in 1996. It is generally a combina-
tion of three drugs that target the HIV replication cycle, and to which the specific
virus is susceptible.
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Combination ART is not a cure for HIV infection but can lead to near total sup-
pression of HIV replication and plasma viral load, with remarkable and sustained
improvements in health [31].

Timing of ART Initiation

The WHO recommends ART is started in all PLWHIV, regardless of CD4 count or
clinical stage. HIV and TB are often diagnosed concurrently. Treatment for TB
should be initiated first, in order to reduce the risk of TB immune reconstitution
inflammatory syndrome (TB-IRIS, see next section). The timing of ART initiation
in HIV/TB co-infection requires careful consideration of the risks and benefits of
early versus late introduction—these being defined as within two weeks and greater
than 8 weeks from starting treatment for TB respectively.

Early ART initiation places a high pill burden on the patient, increases the risk of
drug-drug interactions and additive side effects, and the likelihood of TB-IRIS. All
of these may contribute to decreased patient adherence. However, if ART initiation
is delayed, there is a risk of developing further opportunistic infections and death
rates are higher (Fig. 3). This is particularly true in patients presenting with advanced
HIV disease and low CD4 counts (<50 cells/pL) [32, 33].
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Fig. 3 A balancing act—when to start ART in TB/HIV Coinfection
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It is recommended that all PLWHIV diagnosed with TB should be started on
ART within 8-12 weeks of starting TB treatment. The greatest mortality benefit
with early ART initiation is seen in the most immunosuppressed patients. Therefore,
in patients with a blood CD4 count below 50 cells/pL, ART should be commenced
as soon as treatment for TB is tolerated and certainly within 2 weeks. The only
exception to this is CNS TB infection, where IRIS has a high associated mortality
and therefore ART initiation should be delayed [15, 32].

Choice of ART Initiation in HIV/TB Co-infection
Types of ART

Antiretroviral medications act to disrupt various steps in the lifecycle of
HIV. Nucleoside reverse transcriptase inhibitors (NRTIs) and non-nucleoside
reverse transcriptase inhibitors (NNRTIs) act on the HIV viral enzyme reverse tran-
scriptase to prevent viral replication. Protease inhibitors (PIs) block the viral enzyme
protease from cleaving long polypeptide chains into mature viral proteins. PIs are
often combined with another medication (ritonavir, itself a PI, or cobicistat, a
CYP3A Inhibitor) that acts as “boosters” by slowing down metabolism of the main
drug. Integrase inhibitors or integrase strand transfer inhibitors (INSTIs) block the
integrase enzyme, preventing the insertion of viral genomic material into the host
DNA. Entry inhibitors block HIV from entering host CD4 T lymphocytes and
include fusion inhibitors and chemokine receptor 5 (CCRS5) antagonists (Table 4)
[34, 35].

Table 4 Commonly used antiretroviral drugs

Class Examples

Nucleoside Reverse Transcriptase | Abacavir (ABC), Emtricitabine (FTC), Lamivudine

(NRTTI) (3TC),
Tenofovir alafenamide (TAF), Tenofovir disoproxil
fumarate (TDF)

Non-Nucleoside Reverse Efavirenz (EFZ), Nevirapine (NVP), Rilpivirine (RVP),

Transcriptase (NNRTI) Doravirine (DOR)

Protease Inhibitors (PI) Atazanavir (ATZ, ATZ/r, ATZ/c), Darunavir (DRV/r),
Lopinavir (LPV/r)

Integrase Inhibitors (INSTI) Dolutegravir (DTG), Elvitegravir (EVG/c), Raltegravir
(RAL), Bictegravir (BIC)

CCRS Inhibitors Maraviroc (MVC)

Fusion Inhibitors Enfuvirtide (T20)

Listed alphabetically by class with abbreviations in brackets. Where drugs are boosted r (ritonavir)
or ¢ (cobicistat) are added



HIV and TB 153

Drug-Drug Interactions in HIV/TB Co-infection

Overlapping drug toxicities and interactions must be carefully considered when
choosing or changing TB treatment and ART regimens. See Box 1 for useful
resources to check HIV drug interactions.

Box 1: Useful Resources in HIV Drug Interactions
Liverpool University HIV drug interactions website: www.hiv-
druginteractions.org

Toronto General Hospital website: https://hivclinic.ca/druginformation/
drug-interaction-tables/

Antiretroviral medications can be co-administered with ethambutol, pyrazin-
amide and isoniazid without significant interactions or need for any planned dose
adjustments. The main ART interaction is with rifamycins (rifampicin, rifabutin and
rifapentine). Rifamycins, normally as rifampicin, form the backbone of drug-
sensitive TB treatment. Non-rifamycin containing regimens require longer treat-
ment durations and are less effective [36].

Rifampicin is the most potent known inducer of cytochrome P450 enzymes
(CYP450) and interacts with many other drugs. Co-administration of rifampicin
causes increased metabolism and therefore decreased serum concentrations of Pls,
NNRTIs and INSTIs, rendering them less effective (Table 5). NNRTIs and PIs
themselves also affect CYP450, resulting in bidirectional drug-drug interactions.
There is no interaction between rifampicin and NRTIs, however triple NRTI ART
regimens are less effective [31].

Rifabutin is a less potent enzyme inducer and can be used an alternative to rifam-
picin. It has been shown to be efficacious against TB but there are not sufficient
studies to determine if it is as effective as rifampicin across all patient populations
[37]. Rifabutin is also more expensive than rifampicin. The same applies to rifapen-
tine, which is even less studied in the treatment of active TB. Its longer half-life may
offer some advantages within certain therapeutic regimens.

Choice of ART Regimen in HIV/TB Co-infection

This section aims to give a basic overview of widely used ART. It must be remem-
bered that new antiretroviral drugs are being regularly developed and introduced
into clinical practice. National (for example British HIV Association BHIVA) [15]
and international (for example WHO) [31] guidelines are frequently updated to
reflect this and should be consulted for current best practice advice. The general
principle is to form an NRTI “backbone” with two NRTI medications and then add
an additional third medication from another class.


http://www.hiv-druginteractions.org
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Table 5 Interactions between certain antiretroviral drugs and rifampicin/rifabutin [15]

ART Rifampicin | Rifabutin | Notes
NRTIs v 4 No significant interactions®
Efavirenz v v Rifampicin is the rifamycin of choice with EFZ

Standard EFZ dose is recommended
Rifabutin dose should be increased (450 mg OD)
with EFZ

Nevirapine X v Use nevirapine with caution in rifabutin, use
standard doses

Rilpivirine X vIx Rilpivirine with rifabutin not recommended in UK
Increased rilpivirine dose to 50 mg OD with
rifabutin in US

Protease X v Boosted and unboosted PIs should be avoided with
Inhibitors rifampicin

Rifabutin dose should be reduced to 150 mg OD or
thrice weekly

Integrase v v Increase dolutegravir dose to 50 mg BD with
inhibitors rifampicin
Increase raltegravir to 800 mg BD with rifampicin
CCRS inhibitors | v/ 4 Maraviroc dose should be 600 mg BD with
rifampicin

Avoid with rifampicin if also on EFZ or NVP

BD twice daily, CCR5 chemokine receptor 5, EFZ efavirenz, NRTIs nucleoside reverse transcrip-
tases, NVP nevirapine, OD once daily, PIs protease inhibitors, UK United Kingdom, US United
States of America

vV No interaction, can safely be used together

v Interaction, can be used together but dose adjustments may be needed (see notes)

x Significant interaction, should not be used together

“Rifamycins and tenofovir alafenamide interact but the clinical significance is not yet known

Recommended first line NRTI backbones include tenofovir disoproxil fumarate,
TDF (which has the added advantage of activity against hepatitis B) and emtric-
itabine or lamivudine. As tenofovir can cause nephrotoxicity, abacavir can be used
as an alternative in patients with renal impairment and does not require dosage
adjustment [1, 15]. However, this drug is associated with hypersensitivity (in around
3% of PLWHIV—and where available testing for HLA-B5701 should be performed
before using it). It is also rather less effective than TDF at high starting HIV loads,
and has been associated with an increased risk of significant cardiac events, so
should be avoided if the patient has a strong history of cardiac disease.

Tenofovir alafenamide is a newer antiretroviral, that has greater antiviral activity
that the older TDF. Pharmacokinetic studies have shown a significant reduction in
plasma tenofovir levels when rifampicin and tenofovir alafenamide are co-
administered but intracellular tenofovir levels remain greater than those seen with
standard TDF. Currently, the clinical significance of this is unknown and UK guide-
lines do not presently recommend tenofovir alafenamide containing ART regimens
in patients receiving rifamycin-based treatment for TB [15].
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Efavirenz-based ART regimens are recommended for patients receiving rifampi-
cin as part of treatment for TB. Rifampicin co-administration has been shown to
reduce serum efavirenz concentrations and previously weight-based increased doses
of efavirenz had been recommended. More recent studies have shown that
rifampicin-based treatment for TB does not have a significant or sustained effect on
efavirenz levels and standard dosing (EFZ 600 mg OD) can be safely used [15, 38].

Nevirapine, all protease inhibitors and drugs boosted with cobicistat should be
avoided in ART naive individuals with TB co-infection [15]. Nevirapine concentra-
tions are significantly decreased by rifampicin, with area under the curve (AUC)
decreases of 20-50%. Rifampicin causes AUC reductions of up to 75% for protease
inhibitors and attempts to counteract this by increasing doses of PIs leads to unac-
ceptable levels of gastrointestinal side effects including hepatoxicity. Integrase
inhibitors such as raltegravir and dolutegravir can be used as alternatives if efavi-
renz is contraindicated, such as in those with a history of mental health problems. It
is recommended that the doses are increased if used with rifampicin, and given
twice rather than once daily [15].

Patients on Established ART

While it is common for HIV and TB to be diagnosed concurrently, active TB can
also present in PLWHIYV, even if they are already on ART. If a patient has an unde-
tectable HIV load, it is recommended that they continue on their current ART regi-
men. If this includes a protease inhibitor, rifabutin should be substituted for
rifampicin to treat rifampicin-sensitive TB. Here too interactions are a potential
issue, as the plasma concentration of rifabutin is increased (and hence the prescribed
dose should be reduced), when using concurrent PIs that reduce its metabolism [15].

Choice of TB Treatment in HIV/TB Co-infection

Standard daily administration of first line therapy for TB (RHZE + pyridoxine) is
recommended for PLWHIV with drug sensitive TB.

Fixed dose combination tablets for both TB and HIV should be used where pos-
sible to reduce pill burden and improve adherence.

TB IRIS

The term immune reconstitution inflammatory syndrome (IRIS) refers to the para-
doxical worsening of either known or sub-clinical pre-existing infectious conditions
after the initiation of ART in PLWHIV. Restoration of immune function results in an
exaggerated local or systemic inflammatory response. It is most commonly seen
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with mycobacterial, herpes-virus and invasive fungal infections. This usually occurs
in the first few months after the initiation of ART [39].

Tuberculosis-associated IRIS (TB-IRIS) presents in one of two ways. Paradoxical
TB-IRIS occurs when there is a worsening or recurrence of tuberculosis disease
after ART initiation, in patients already established on treatment for TB. Unmasking
TB-IRIS refers to a new diagnosis of previously subclinical TB, usually with par-
ticularly acute inflammatory features, shortly after ART initiation [40].

Paradoxical TB-IRIS is common, affecting 8—43% of patients with tuberculosis
starting ART. Its frequency is maximal with early initiation of ART. Patients with
lower blood CD4 counts/ higher plasma HIV loads are at greatest risk [41].
Immunological studies suggest IRIS is a complex hyperinflammatory process,
involving both innate and adaptive immune responses. It is most often seen where
there is a high antigen burden from multi-bacillary lesions and pre-ART profound
immune suppression. Potentially implicated mechanisms include an increase in
activated monocytes and circulating pro-inflammatory cytokines, dysregulated
matrix metalloproteases and an expansion of mycobacterial specific Thl CD4+ T
cells [42, 43].

Clinical Features and Diagnosis of TB IRIS

There is no validated diagnostic test for TB-IRIS. Diagnosis relies mainly on clini-
cal parameters. Features include new or enlarging lymph nodes, recurrence of fever,
worsening of respiratory symptoms and new CXR findings, such as pleural effusion
or worsening pulmonary infiltrates (Fig. 4). In addition, there may be conversion of
tuberculin skin test or IGRA from negative to positive. Many biomarkers are being
evaluated in the study of IRIS, but none have yet been validated as a diagnostic tool.
Of note in routine clinical practice, CRP may be significantly elevated with TB-IRIS
[42, 44].

Consensus definitions of paradoxical TB-IRIS vary but include a confirmed
diagnosis of TB with initial response to anti-TB treatment, diagnosis of HIV with
recent ART initiation (usually within 3 months) and deterioration in clinical condi-
tion due to an inflammatory process, with exclusion of other causes. One widely
used definition is the International Network for the Study of HIV associated IRIS
(INSHI) case definition (Box 2), which has been validated for use in low resource
settings [40, 45].

Although IRIS is confined to PLWHIV started on ART, a similar phenomenon
can be observed with the introduction of effective treatment for TB by itself in
PLWHIV not using ART or people known to be HIV negative—where it is termed
a TB paradoxical reaction (PR). The estimated frequency of these reactions is
between 2-23%. It is a phenomenon that has been observed for many years and pre-
dates the recognition of TB-IRIS. It is generally less inflammatory than IRIS
[46, 47].
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Fig. 4 Paradoxical IRIS following initiation of antiretroviral therapy. Panel A—Normal Baseline
chest radiograph at start of treatment for cervical lymph node TB in newly diagnosed PLWHIV
with blood CD4 count 230 cells/pL. Patient commences antiretroviral therapy one week later.
Panel B—Chest radiograph (CXR) at week 3 following onset of new cough, fever and malaise for
4 days. CXR shows increased upper mediastinal widening and left upper zone consolidation con-
sistent with lymphadenopathy and parenchymal changes. Investigation revealed no other disease
process, drug sensitive lymph node TB and the symptoms and signs resolved during investigation
with no need for specific further treatment

Box 2 INSHI TB-IRIS Case Definition 2008

Antecedents
* Diagnosis of TB fulfils WHO criteria pre-ART
* Initial response to TB treatment pre-ART
Clinical Criteria (1 major or 2 minor)

Major Criteria Minor Criteria
* New or enlarging lymph nodes, cold * New/worsening constitutional symptoms
abscess or other focal tissue involvement (weight loss, fevers, night sweats)
* New/worsening radiological features of TB | New/worsening respiratory symptoms
* New/worsening CNS TB (cough, dyspnoea, stridor)
» New/ worsening serositis » New/worsening abdominal pain (peritonitis,
(pericardial or pleural effusion) hepatosplenomegaly, abdominal adenopathy)

Exclude alternative explanations for deterioration where possible

Poor adherence

Failure of treatment for TB due to drug resistance
Another opportunistic infection or neoplasm
Drug toxicity

Outcomes and Treatment of TB IRIS

IRIS associated with tuberculous meningitis (TBM-IRIS) may complicate up to
47% of ART naive TBM/HIV co-infected patients started on ART [48]. PLWHIV at
highest risk of TBM-IRIS include those with CSF culture positivity at time of TBM
diagnosis and people with higher CSF neutrophil counts [48]. Morbidity and
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mortality are high in CNS TB-IRIS, with death occurring in almost 30% in some
studies [49]. This forms the basis for the current recommendation that ART initia-
tion should be delayed in PLWHIV diagnosed with CNS TB.

Excluding CNS disease, mortality in TB IRIS is low and both TB-PR and para-
doxical TB-IRIS are often self-limiting [50]. Investigations must be undertaken to
rule out other explanations for clinical deterioration, such as additional infection or
drug resistance. Treatment is largely supportive, including analgesia, antiemetics
and intravenous fluids where indicated. Abscesses may require surgical or percuta-
neous drainage. Treatment for TB and ART should not be interrupted if at all
possible.

Dampening down the excessive immune response with corticosteroids should be
undertaken in clinically significant IRIS. For example, starting with 40 mg of oral
prednisolone and tapering down over 6—8 weeks. The clinical course varies and may
take weeks or months resolve.

Recent randomised-controlled trial (RCT) data from the PredART trial showed a
reduction in the risk of paradoxical TB-IRIS by 30% when prednisolone was started
concurrently with ART initiation in patients with CD4 counts <100.There was also
a reduction in the severity of IRIS, with no increase in significant adverse effects
[51]. Steroids may therefore play a role in preventing as well as treating TB-IRIS in
selected at-risk patients in future.

Diagnosis and Treatment of Latent TB Infection in HIV

Latent TB infection (LTBI) is defined as a state of persistent immune response to
M. tuberculosis without clinically-manifest evidence of active TB disease.
Prevention of progression from latent infection to active disease is a cornerstone of
efforts to prevent new TB cases. People living with HIV are at higher risk of pro-
gression from LTBI to active disease, with the risk increasing with lower CD4
counts. ART reduces the risk of progression to active TB disease but additional
treatment for LTBI may also be indicated [15].

All patients with HIV should be screened for active TB disease with a clinical
assessment and consideration of a CXR as a minimum. Once active TB has been
excluded, it may be appropriate to screen for LTBI. All PLWHIV who are close
contacts of people with infectious TB should be offered screening for LTBI, in line
with national TB standards [15].

Interferon Gamma Release Assay (IGRA) testing is recommended over tubercu-
lin skin testing (TST) as a first line test for LTBI in PLWHIV. If a borderline test
(i.e. one which falls around the positive/negative cut-off) or an indeterminate result
(failure of the positive or negative controls within the test kit) is obtained, the
IGRA should be repeated. If the initial and repeat IGRAs remain borderline or
indeterminate, then clinical judgment on risks and benefits on an individual patient
basis will be required to determine if additional treatment for LTBI should be
offered [15, 52].



HIV and TB 159

Specific treatment for LTBI in PLWHIV is the same as that in HIV negative
individuals. Currently recommended regimens of widely available drugs include
either 6 months of isoniazid (with pyridoxine); 3 months of rifampicin and isoniazid
(with pyridoxine) or 4 months of rifampicin. Isoniazid-only regimens may be pre-
ferred if there is concern of rifampicin interactions with existing ART regimens [52].

In high incidence TB settings, the WHO currently recommends that PLWHIV
who do not have active TB disease receive at least six months of isoniazid preventa-
tive therapy (IPT), without necessarily waiting for specific tests for LTBI. There is
evidence that IPT for 36 months may be safe and beneficial in very high-risk envi-
ronments such as prisons, where there is likely continuous exposure to infection.
This approach is not recommended in low incidence settings. Despite WHO
endorsement, uptake of IPT has been poor, with fewer than 25% of PLWHIV receiv-
ing it—with South Africa alone accounting for the majority of this figure [1, 3].

Shorter treatment regimens for LTBI in PLWHIV are currently being explored.
Three months of weekly rifapentine plus isoniazid has been shown to be as effective
and safe as 9 months of daily isoniazid alone [53]. More recently, a one-month
course of daily rifapentine plus isoniazid has been shown to be non-inferior to
9 months of daily isoniazid [54]. In both cases, the shorter regimens had similar
rates of adverse reactions and better treatment completion rates compared to the
standard arms. Currently rifapentine is not easily available in many low- and middle-
income countries and this, plus its relatively high cost, may prove a barrier to
implementation.

Drug Resistant TB in HIV

HIV infection is a risk factor for all forms of TB, both drug-susceptible and drug-
resistant. However, it is not clear whether HIV positive individuals have a specifi-
cally increased risk of multidrug resistant (MDR) or extremely drug resistant (XDR)
TB [55].

In PLWHIV with isoniazid mono-resistance (the most common form of drug
resistance), a 6-month regimen of rifampicin, ethambutol, levofloxacin and pyrazin-
amide is recommended [15].

Management of MDR/XDR TB in patients with HIV is complex and should be
undertaken in conjunction with regional centres of expertise. In resource-rich set-
tings, use of whole genome sequencing (WGS) to give faster, more comprehensive
resistance profiles is leading to more individualised treatment regimens for
MDR-TB. Detailed discussion of interactions between antiretrovirals and drugs
used to treat MDR/XDR-TB are beyond the scope of this chapter, but further infor-
mation can be found using the links in resource Box 1.

An important practice point is the recent WHO endorsement of bedaquiline as a
key first line drug and hence its likely wider use. This is important to consider as
PLWHIV and MDR/XDR-TB may be on therapy such as efavirenz, which can
decrease bedaquiline levels or cobicistat- or ritonavir-boosted protease/integrase
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inhibitors, which can significantly raise levels, by increasing or impairing drug
metabolism respectively [56].

All patients with MDR-TB and HIV not already on ART should be commenced

on ART as soon as they have been stabilised on treatment for TB.

Key Messages

TB/HIV co-infection is common. All patients diagnosed with active TB should
be offered an HIV test; and all patients diagnosed with HIV should be screened
for active TB

Diagnosis of TB in HIV may be difficult and a high index of suspicion should be
maintained. Mycobacterial blood and urine cultures, plus urine LAM may be
useful in disseminated disease.

Start treatment for TB prior to ART. Aim to start ART within 2 weeks if CD4
count <50 and as soon as practicable in other cases (certainly by 8—12 weeks).
Delay starting ART in CNS TB infection due to increased risk of IRIS-related
severe disease

TB-IRIS is common. Prednisolone should be used for treatment of clinically
significant paradoxical TB-IRIS

Testing for latent TB in PLWHIV should be considered in all patients. ART sig-
nificantly reduces the risk of active TB. Specific treatment for latent TB is also of
additional value in selected populations
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Introduction

Despite the availability of long-established anti-microbial chemotherapy, tuberculo-
sis (TB) remains a leading cause of death as a result of infection and a major public
health concern worldwide [1]. Early diagnosis is critical to initiating prompt effec-
tive management and limiting further transmission of the disease.

Often considered the great mimic and the benign imposter, TB can manifest with
a myriad of non-specific imaging appearances leading to confusion with other gran-
ulomatous diseases like sarcoidosis and fungal infections, but also with neoplastic
processes [2]. Familiarity with the classical appearances of TB and also the wider
more non-specific imaging spectrum of tuberculosis is desirable for a more nuanced
and contextual approach to imaging findings.
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Imaging Tuberculosis: The Modalities

The modern radiology armamentarium offers a number of different imaging modal-
ities to diagnose, characterise and follow-up the manifestations of TB in various
organ systems. This ranges from Chest Radiography (CXR), Computed Tomography
(CT) and Ultrasound (US) for thoracic and body imaging, Magnetic Resonance
Imaging (MRI) for musculoskeletal and neurological manifestations of TB and
Positron Emission Tomography (PET)-CT for troubleshooting diagnostic and treat-
ment related dilemmas. In addition, CT and US guided directed biopsies comple-
ment other sampling strategies, whilst interventional techniques of vascular
catheterisation are used in the emergency management of complications such as
haemoptysis related to TB.

Imaging Considerations in Pulmonary
and Abdominal Tuberculosis

Conventional chest radiography (CXR) is central to first-line imaging in sus-
pected pulmonary TB [3]. It is readily available and affords a reasonable over-
view of parenchymal, pleural and lymph nodal manifestations of pulmonary
tuberculosis. Being two-dimensional however, subtle findings such as micro-nod-
ular patterns can be elusive on CXR. Nonetheless, CXRs remain a vital tool at the
start of and over many time points in the TB journey of the patient. It is also
important to note that negative chest radiographs should not be taken as the last
word in the immunocompromised patient, as they can sometimes look normal
despite disease.

Computed Tomography (CT) is the workhorse in thoracic, abdominal and pelvic
imaging. It has the major advantages of being rapidly performed, relatively inex-
pensive and readily available with in-depth anatomical information in three-
dimensions, enabling detection of radiographically occult abnormalities. Attendant
with CT is a higher radiation dose; use must be judicious, especially in younger
patients. Recent improvements in dose optimisation methods in modern CT scan-
ners allows a thoracic CT to be achievable with effective doses as low as 2.0-2.5
milli-Sieverts (mSv) [4]. To put that into perspective, this is roughly equivalent to
the average natural environmental radiation accrued in 1 year [5]. The use of iodin-
ated contrast enhancement improves diagnostic potential but comes with a theoreti-
cal risk of contrast induced nephropathy. Towards this, generic guidelines are in
place and the radiologist should be consulted, especially when scanning patients
with known renal impairment [6]. Ultrasound (US) is useful in the assessment of
complex pleural effusions, elucidating features such as debris and loculation and
facilitating safe targeting of diagnostic and therapeutic drainage procedures [7]. US
is useful in the assessment of solid abdominal viscera, notably the liver, pancreas,
spleen and the genito-urinary system. It is sensitive in assessing for small traces of
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free intraperitoneal fluid. Given that it is a radiation-free modality, it is a particularly
valuable tool in imaging children [8]. MRI has a complementary role in abdominal
TB imaging. It is a radiation free modality.

Radiology of Pulmonary Parenchymal, Pleural and Nodal
Tuberculosis (See Tables 1, 2, and 3)

Pulmonary disease is the most common manifestation of tuberculosis. However, it
is important to note that the vast majority of immunocompetent individuals exposed
to M. tuberculosis do not develop clinical disease. It is estimated that between
5-15% of individuals infected progress over months to years to clinically active TB
disease [9]. Traditional radiological classifications dichotomise pulmonary TB into
primary and post-primary forms, based on time from first exposure. After the first
or index exposure, the fate of an inhaled bacillus is either elimination by an effective
innate immune response, or containment. Containment may result in the bacillus
lying dormant or latent until it reactivates, potentially progressing to active primary
TB (see Chap. 2).

Primary TB manifestations range from the relatively self-limiting focal lung
granuloma, the well-described Ghon focus, that forms after first exposure, to a more
clinically apparent triad of enlarged regional lymph nodes, pneumonic air-space
consolidation and pleural effusion, referred to as progressive primary TB. (Table 1).
Post-primary TB on the other hand, is related to reactivation or reinfection in a previ-
ously exposed host. A key feature of post-primary TB is a cavitary response within
air space consolidation or nodules and characteristic distal small airway involvement
with endo-bronchial exudative plugging. This classification of TB offers key patho-
physiological insights into the modes of disease spread; the key radiological features
in these two sub-groups are summarised in Table 1. It is noteworthy that primary TB
typically affects patients of a young/paediatric age group in endemic regions. In

Table 1 Radiology of primary and post-primary pulmonary tuberculosis

Primary/Progressive TB Post-primary TB

— Intra-thoracic lymph nodal disease — Nodal disease (ITLND) increasingly demonstrated
(ITLND)(children 80-90% > > adults) on CT series, but less common compared to

— Often asymmetric ipsilateral primary disease

— Air space consolidation—any lobe — Air-space consolidation—upper lobe predominance

— Adults 80-90% > children — Bronchogenic (tree-in-bud) cavitary nodular

— Pleural effusion (unilateral > bilateral) disease

— Adult 30-40% > children — Pleural fluid 10-30% (unilateral > bilateral)

— Miliary TB 2-4% (children > adults) |- Miliary TB
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Table 2 Features of Disease activity on Imaging (Pulmonary TB)

Disease Activity

Inactive Disease

— Thick walled or new cavitation

— New consolidation

— New nodules centrilobular / tree-in-bud

— ITLND—necrotic nodes / new nodes

— Pleural effusion

—FDG PET positive nodes, parenchymal scarring /

— Architectural distortion / volume
loss

— Nodal calcium

— Bronchiectasis

— Stable (> 6 months) fibro-nodular
scarring

nodules

Table 3 Complications & Sequalae of Intra-thoracic Tuberculosis

Complications & Sequalae of Intra-thoracic Tuberculosis

Pleuro-pericardial Parenchymal
— Fibrothorax (restrictive) — Distortion, volume loss
— Constrictive pericarditis — Fibrosis

— Bronchopleural fistula
— Pneumothorax

— Chronic empyema

— Empyema necessitans
— Chest wall TB

Airway complications:
— Traction broncheactasis,
— Tracheo-bronchial stenosis
— Broncholith
Mediastinal complications:
— Mediastinal fibrosis,
— Oesophageal strictures, traction
diverticulae or fistulae

— Cavity aspergilloma colonisation
— Vascular inflammation and invasion
— Long term risk of scar carcinoma

Haemoptysis

What to look for?

— Active cavitary disease

— Bronchiectasis

— Cavitary aspergilloma colonisation

— Hypertrophied bronchial artery or pulmonary
artery branch pseudo-aneurysm

parts of the world where effective public health measures have reduced overall dis-
ease prevalence, the demographic is shifting with more patients exposed for the first
time as adults.

Whilst such considerations of natural history have a bearing on the spectrum of
radiological features, it is now increasingly appreciated, through research into fin-
ger printing of mycobacterial strains and a better understanding of host susceptibil-
ity, that the clinico-radiological patterns are predicated more on immune
competence of the host, rather than time from exposure. This is best exemplified in
HIV wherein the immune status, reflected by CD4 counts, is a predictor of the
radiological spectrum of disease. Therefore, the imaging findings in TB are more
pragmatically viewed as having features of active TB infection, (transmissible in
the context of active pulmonary TB) or latent TB infection (LTBI) (an asymptom-
atic and non-transmissible state) [10]. It is also clinically more relevant to separate
the active from the inactive disease, rather than distinguish between primary and
post-primary tuberculosis, which is academic in relation to patient management)
[10, 11]. Indeed, with increased use of CT imaging, it is becoming more apparent
that radiological manifestations in primary and post-primary TB categories show
considerable overlap and the distinctions may be more blurred than otherwise
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thought. Elucidated below are the key features of active pulmonary TB in the cat-
egories of parenchymal, pleural and nodal pulmonary tuberculosis, that we expect
to encounter in routine clinical practice. Whilst not specific or pathognomonic,
these manifestations should, in the correct context, trigger more investigations to
rule out TB.

Intra-thoracic Lymph Nodal Tuberculosis (ITLNTB)

Nodal involvement is the hallmark of childhood TB (primary TB) [7]. It tends more
often to be asymmetric and ipsilateral to pneumonic insult (often right-sided), a
helpful feature to distinguish it from the more bilateral symmetric patterns common
in sarcoidosis [7]. (Figs. 1 and 2) illustrate how nodal enlargement can be assessed
on chest radiographs with due attention to anatomical landmarks. Lymph nodes are
better visualised on CT; a classical feature of TB lymph nodes is central hypo-
attenuation and peripheral enhancement (Fig. 3). This pattern corresponds to the
pathological findings of central caseous necrosis with surrounding granulation tis-
sue [7]. Nodal enlargement can potentially, albeit infrequently, lead to extrinsic
bronchial compression or direct invasion of the bronchus with subsequent lobar
collapse with potential for bronchial strictures or stenosis as a late complication
[11]. ITLNTB is increasingly recognised on CT series in patients with the constel-
lation of post-primary reactivation features, with a frequency between 15% and
43% in immunocompetent patients [12].

Parenchymal TB

Lung parenchymal findings after an index exposure are usually self-limiting, mani-
festing as a focal pneumonitis/consolidation resulting in an organised granuloma-
tous nodule, known as a Ghon focus. The combination of a lung granuloma and
lymphadenopathy along its drainage pathway is known as a Ghon complex.
Calcification in such burnt out nodal and parenchymal scarring marking the site of
original infection, forms the Ranke complex [13]. Patients with previous infection
with TB often have evidence of these tell-tale features on imaging. If however, the
disease is not self-limiting, more extensive consolidation can occur almost any-
where in the lung. In adults with such progressive primary disease, air-space con-
solidation (Fig. 4) is a significant feature and findings may be indistinguishable
from a community acquired pneumonia.

Parenchymal disease in the immunocompetent host in the context of reactivation
or reinfection usually manifests as ill-defined patchy consolidation with or without
nodular foci that predominate in the apico-posterior segments of upper lobes and
superior segments of the lower lobes [3] (Fig. 5). This is postulated to relate to
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Fig. 1 (a) A normal frontal chest radiograph. The pink lines delineate normal hilar points, made
up of the intersection between the upper lobe pulmonary veins (lateral borders delineated by the
blue lines) and the lower lobe pulmonary veins (denoted by the orange lines). The left hilar point
should always be above the right hilar point on a normal chest radiograph. (b) Normal right para-
tracheal stripe constituted by the soft tissue density tracheal wall against a lung air interface. (¢ and
d) Thickened right paratracheal stripe with a lobulated lateral contour (green arrows) with obscura-
tion of right hilar point by enlargement of the right hilum (red arrows). CT subsequently confirmed
typical caseous nodal disease in both locations

relatively reduced lymphatic drainage and increased oxygen tension in these regions,
facilitating bacillary replication [11]. In a minority of cases, a non-calcified nodule
known as a tuberculoma (5-40 mm) may be the predominant manifestation with or
without small satellite nodules [11]. Overall, cavitation is a prominent feature of
post-primary TB; whilst discernible radiographically (Fig. 5a), cavities are better
appreciated on CT (Fig. 5b). Endobronchial small airways involvement with
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PAERECT

Fig.2 (a) The aortopulmonary window (AP window) should have a concave lateral contour (green
line). It is formed as the aortic arch (yellow line) intersecting the main pulmonary trunk (pink line).
(b) Convex bulging of the AP window(green arrow) should raise suspicion of lymphadenopathy

Fig. 3 (a) Axial slice of a contrast enhanced CT thorax at the level of the superior mediastinum
There is an enlarged right para-tracheal lymph node (red arrow) with peripheral enhancement and
low attenuation centre. These appearances are typical of caseous necrosis seen in TB. Note vascu-
lar structures, 3 aortic arch branches (pink arrows) and 2 brachiocephalic veins (blue arrows). (b)
Coronal slice of the same patient at the level of the left atrium. A cluster of abnormal enlarged
subcarinal nodes (red arrow) with typical necrotic appearances of caseous nodes
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Fig. 4 (a) Normal Chest Radiograph (b) Right upper lobe consolidation abutting the superior
aspect of the horizontal fissure (red arrows)

Fig. 5 (a) Chest radiograph with a left apical thin-walled cavity (yellow arrow) with an adjacent
small opacity (red arrow). Further nodular shadows in the left lower zone (white arrows). Left hilar
elevation (green arrow) in keeping with left upper lobe volume loss. (b) Axial CT slice of a follow-
up CT thorax inferior to the level of the large radiographically visible apical cavity. This shows the
subjacent nodule is also cavitary in nature. Surrounding centrilobular nodularity is also noted



Radiology of Tuberculosis 171

lymphatics
pulmonary vein

(oxygenated) ‘centrilobar bronchus

pulmonary artery
(deoxygenated)

Fig. 6 (a) A schematic sketch of secondary pulmonary lobule architecture. The terminal bronchi-
ole and pulmonary artery give off branches that extend to the centre of the hexagonal pulmonary
lobule. Pulmonary vein and lymphatics run along the interstitium, depicted in black. /llustration—
Dr Aisling Fagan, Radiology Registrar, Imperial College Healthcare NHS Trust. (b) Axial CT lung
image. Centrilobular nodules distribution: multiple tiny nodules throughout (red arrows). Sparing
of lung immediately adjacent to major fissures (green arrows) and pleural surfaces, also a feature
of centrilobular nodules. (¢) Axial CT lung image peri-bronchovascular / peri-lymphatic nodular
distribution (in a patient with sarcoidosis): characteristic distribution along fissures (red arrows),
sub-pleural interstitium (blue arrow) and interstitial compartment within bronchovascular sheaths
(pink arrow). (d) Axial CT lung image with tree-in bud nodular morphology: In addition to right
basal consolidation, there is extensive nodularity that has a branching morphology of intercon-
nected lines and dots that resemble tiny “V’ and ‘Y’ shapes (red arrows). This pattern is a key
feature of TB, but the morphology simply signifies involvement of small airways and is not pathog-
nomonic to any one disease

plugging is another hallmark in reactivation TB disease in immunocompetent sub-
jects. This filling of small airways and terminal alveolar spaces with granulomatous
inflammatory exudate, manifests as centrilobular nodules and the typical tree-in-
bud nodularity [7] on CT (Figs. 6d and 7). A basic structural and pathological basis
of these nodular patterns is illustrated in (Fig. 6) These patterns are not exclusive or
specific to TB, but in the right context, they are highly supportive. TB cavities,
whilst a key feature of active disease, may persist after treatment and become a
nidus for and predispose to bacterial superinfection and fungal ball/mycetoma colo-
nization as well as other secondary sequelae.
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Fig. 7 Axial CT lung slice
demonstrates tree-in—bud
nodularity most noticeable
in the lingula (red arrows).
Associated cylindrical
bronchiectasis, for instance
in the right middle lobe
(blue arrow). This
relatively anterior
distribution of changes is
quite typical of non-
tuberculous mycobacterial
(NTM) infection

Pleural TB

Whilst more typically described in primary TB, especially in adults, pleural effu-
sions can occur in both primary and reactivation tuberculosis [14-18]. The inci-
dence of pleural involvement may be as high as 30% in adult cohorts, in high-burden
TB settings, especially where HIV is also endemic [19].

Pleural effusions secondary to TB are largely unilateral with a slight right-sided
predominance [14]. The long-held belief that TB pleuritis is purely a delayed hyper-
sensitivity reaction has recently been challenged with the advent of improved cul-
ture media. TB pleural effusions are thought to be a manifestation of low level,
paucibacillary pleural mycobacterial infection associated with a protracted lympho-
cyte driven immune reaction [14, 15, 20]. Most are lymphocyte-rich effusions that
are free-flowing, debris free and appear clear of any echogenic complexities i.e.
anechoic on ultrasound and like any other effusion on plain radiographs and
CT. Pleural fibrosis or fibrothorax is a well-described complication of such pleuritis;
residual pleural thickening on radiographs and CT (>10 mm). This may be associ-
ated with chronic chest pain and impairment in lung function [21] (Table 2).

Chronic TB empyema is less common and represents a distinct entity of chronic
active infection within the pleural space. It is characterised by purulent fluid with
neutrophilic response; may occur due to progression of a TB pleuritis or direct
extension of infection from nodes and cavities or haematogenous spread [15, 20,
21]. CT is very useful in imaging both pleura and lung to visualise disease extent
and assess the empyema in more detail. The radiology of the empyema mirrors the
pathological stage of evolution from the viscous effusion to the fibrino-purulent and
then to an organizing phase. In the fibrino-purulent phase, CT typically shows thick-
ened visceral and parietal pleura separated by fluid, known as the “split pleura” sign
[13, 14] (Fig. 8a). In the later organizing phase, CT may reveal a loculated pleural
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Fig. 8 (a) Axial contrast enhanced CT slice demonstrating a left sided pleural collection / TB empy-
ema, with an apparent split pleura sign demonstrating smooth enhancement of the visceral pleura
(green arrow) abutting the lung and the parietal pleura (blue arrow) abutting the chest wall. (b) Axial
contrast enhanced CT slice with a complex loculated left sided pleural collection with smooth pleu-
ral enhancement and multiple gas locules (blue arrows). The pleural collection communicates with
fluid and gas pockets in a chest wall collection superficial to the ribcage. This constitutes an empy-
ema necessitans. There is a large bore left sided chest drain in situ (yellow arrow)

fluid collection, thickened pleura and variable calcification. Based on stage, the US
appearances can range from simple anechoic to complex with visible septations,
with or without internal echogenic foci [22]. On CT, gas can ordinarily be seen
within an empyema. In some cases, a larger amount of gas can be an indicator of an
abnormal communication between lung airspaces/airways and pleural space, a so-
called bronchopleural fistula. The majority of empyemas resolve leaving a thick-
ened, scarred, and possibly calcified pleura, however this process may be complicated
by the extension and decompression through the chest wall. This is known as empy-
ema necessitans [23, 24] (Fig. 8b).

Miliary TB

Miliary disease occurs when haematogenous seeding of the bacteria results in wide-
spread disease. It can manifest as an isolated pulmonary infection or as a multisys-
tem process usually with profound illness. It may be seen in both primary and
post-primary contexts, simply signalling a point at which host’s defences are over-
whelmed. Patients with impaired immunity, such as those with HIV, are at increased
risk [25]. In the lungs, innumerable tiny pulmonary nodules (resembling millet-
seeds) are typical. These usually measure 1-3 mm, and can become larger and con-
fluent if left untreated [25]. Miliary disease has a classical chest radiographic
appearance, but findings can sometimes be more subtle, [25] manifesting as changes
in overall texture (Fig. 9a). Again, CT is more useful. The hallmark of miliary nod-
ules is their random distribution, in that they can occur anywhere within the second-
ary pulmonary lobule [26] (Fig. 9b).
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Fig. 9 (a) AP chest radiograph demonstrates subtle diffuse nodularity throughout both lungs, giv-
ing the lungs an overall abnormal texture in miliary TB. (b) Axial CT Lung slice confirms a miliary
pattern of nodularity. Miliary nodules do not conform to the typical distribution of peri-lymphatic,
tree-in-bud or centrilobular nodules. Interestingly, this patient with confirmed TB also tested posi-
tive for COVID-19. Note the well defined peripheral ground glass opacities in the anterior aspect
of the left upper lobe (blue arrows)

Non-tuberculous Mycobacteria

Non-tuberculous mycobacteria (NTM) are ubiquitous organisms that can colonise
the respiratory tracts of individuals leading to more chronic, drawn out non-specific
symptoms [27]. Often the diagnosis is initially suggested based on its characteristic
imaging appearances. These typically feature bronchiectasis and bronchiolitis, with
associated centrilobular nodules and or tree in bud opacification. In NTM infection,
changes typically favour the anterior regions of the lungs. Disease confined to or
predominating in the middle lobe and lingula should always raise suspicion of NTM
[28] (Figs. 7 and 10). Non-specific patterns similar to those seen in TB can occur.

TB in the Immunocompromised Host & TB-IRIS

Immunocompromised patients in general are at a higher risk of developing tubercu-
losis. This includes patients on cancer chemotherapy or immunosuppressants,
patients with malnutrition, and diabetes mellitus to name a few. Among such risk
factors for TB, HIV infection is the strongest; 12% of all new active TB disease
cases occur in HIV-positive individuals [29].

Various series quote between 5-21% normal chest X-Ray rates in HIV patients
with active TB, more frequently with CD4 counts of <200 per mm3 [7, 30, 31]. In
addition, in immunocompromised states, imaging findings of miliary and extra-
pulmonary disease (EPTB) are more commonly encountered [32].
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Fig. 10 FDG PET Scans A (2018) and B (2019) in a patient with known culture positive non-
tubercular mycobacterial (NTM) multi-drug resistant (MDR) infection. Scans (A) axial and coro-
nal and FDG MIP’s after treatment in 2018, demonstrate relative tracer quiescence i.e. lack of FDG
activity within the peripheral parenchymal changes. Scans (B) in 2019 performed when symptoms
recurred, show FDG positive focal nodular consolidation (white arrows) in keeping with recur-
rence of an active infection

Many cases of active TB in adult HIV patients are probably related to re-
activation, however, the observed radiological pattern is dependent on the level of
immunosuppression [30]. If the cellular immune function is relatively intact, find-
ings tend to be similar to non-HIV immune-competent individuals. Therefore, with
preserved CD4 counts (>200/mm3), a reactivation post-primary tuberculosis pat-
tern occurs more often, with infiltrates in upper zones possibly with associated cav-
ity formation [30]. However, when CD4 counts are reduced (<200/mm3), a primary
TB pattern is more frequently seen, in which nodal disease (ITLND) predomi-
nates [32].

It is also worth keeping in mind, that in HIV positive patients who are on treat-
ment, a classic post-primary TB radiology pattern can emerge as restoration in cell
mediated immunity occurs. In this context, it is important to be aware of the
immune reconstitution inflammatory syndrome (TB-IRIS) that may occur as
impaired immunity is allowed to rebuild during TB treatment [33]. Whilst this
IRIS response can also occur in non-HIV patients, it is commoner in HIV positive
individuals on highly active antiretroviral therapy (HAART) [34-36]. In response
to HAART, an improving CD4 T lymphocyte count may unmask previously undi-
agnosed latent tuberculosis infection [21] or cause deterioration of known TB i.e.
provoke a paradoxical reaction [37, 38]. Diverse radiological manifestations are
reported. Of these, the commonest is enlargement of lymph nodes throughout the
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Fig. 11 Necrotic cervical lymphadenopathy in a case of TB paradox: Post-contrast CT in the coro-
nal (a) and axial (b-d) plane demonstrate a large, peripherally enhancing collection in the right
supraclavicular fossa

body (Fig. 11). Pulmonary infiltrates, nodules, miliary disease and pulmonary
abscesses are also reported [33, 36, 39]. Differentiating TB-IRIS from failure of
treatment can be challenging. It is a diagnosis of exclusion and radiological appear-
ances have to be put into context of the clinical and pathological findings with a
multidisciplinary approach. Such reactions may occur within a few days or many
months after the commencement of anti-tuberculosis treatment; when the disease
process takes a very exaggerated course, it can be responsive to corticosteroid ther-
apy [35, 38, 40].



Radiology of Tuberculosis 177

Latent TB and Radiological Markers of Disease Activity
(Table 2)

Strictly speaking, latent TB infection (LTBI) refers to positive findings on labora-
tory screening tests (Tuberculin skin test or an interferon-y release assay) in clini-
cally silent individuals with no radiological evidence of active disease [11]. Whether
latent TB progresses to active TB is largely a function of host immune status.
Amongst the spectrum of risk factors (diabetes, chemotherapy, immune-modulating
drugs, renal failure, malnutrition, steroid use etc.), HIV infection is the strongest
known risk factor. One of the strategies for successful containment of TB is to diag-
nose and treat latent TB in at-risk patients, or contacts of smear positive TB patients
and prevent future progression to active disease.

Broadly, it is practical to consider latent TB and all inactive TB (previously
treated) together [11], to understand the role of radiological stratification in these
patients. Given the treatment regimen of LTBI differs from that of active TB, it is
vital to recognise and pin-point any signs of disease activity. Chest radiographs or
CT in patients suspected of LTBI show no active disease but may demonstrate resid-
ual tell-tale features of past exposure by way of focal calcific lung granulomas,
stable fibro-nodular parenchymal scarring or nodal calcification [7]. In previously
treated patients, the distinction between active and inactive disease can be challeng-
ing especially on radiographs, due to architectural distortion and scarring. In this
context, CT is useful. Stability and lack of temporal evolution is helpful in gauging
lack of disease activity [7]. Conversely, new nodules, consolidation, cavitation, tree-
in-bud nodularity or pleural effusions should trigger a work up for active tuberculo-
sis. In this respect, PET-CT (discussed in a forthcoming section) has shown itself to
be of use in predicting disease activity on a metabolic basis [41-44] (Fig. 10).

Cardiac TB

The commonest manifestation of cardiac TB is pericarditis, which can arise through
lymphatic, haematogenous or direct contiguous spread from an adjacent structure
(for example, a ruptured necrotic mediastinal node) [45]. On both echocardiography
and CT, this can be demonstrated as a simple pericardial effusion or can be associ-
ated with nodular pericardial thickening (Figs. 12 and 13). An added benefit of CT
imaging (versus echocardiography) in this context, is that ancillary supportive fea-
tures of TB, such as lymphadenopathy and pleuro-parenchymal disease can be dem-
onstrated. These features can help narrow the differential diagnosis for an otherwise
non-specific finding of a pericardial effusion.
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Fig. 12 Contrast
enhancement gated cardiac
CT reconstructed in a 4
chamber view. There is
pericardial calcification
(red arrows), ventricular
distortion (blue arrows)
and bi-atrial enlargement
all in keeping with
constrictive pericarditis
(image courtesy of Dr
Tarun Mittal, Consultant
Radiologist, Harefield
Hospital, UK)

Fig. 13 (a) Cardiac MRI-left ventricle short axis (LVSA) images demonstrating septal flattening
(red arrows) and a D-shaped ventricle on inspiration in keeping with constrictive physiology. There
is pericardial thickening (white arrow heads) (b) Cardiac MRI Post contrast, phase sensitive
delayed myocardial enhancement image demonstrating extensive pericardial enhancement of the
thickened, two layers of pericardium (white arrows) associated with a complex, intermediate sig-
nal pericardial effusion (blue arrows). (Image courtesy Dr Ben Ariff, Consultant Radiologist,
Imperial College NHS Healthcare Trust UK)

Constrictive pericarditis is a common sequela of pericardial TB. Distortion of the
shape of the cardiac chambers underlying a pericardial abnormality is suggestive of
constriction, particularly with the correct correlating clinical picture [46] (Figs. 12
and 13). Pericardial calcification is an occasionally encountered incidental finding
whilst reading CT scans for unrelated problems. This can indicate old TB
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pericarditis [46]. Myocardial spread of TB occurs by the same routes, but does so
less commonly. It is a difficult diagnosis to make and may only be detected post
mortem. However, modern cardiac MRI tools in expert hands, can be useful when
applied in a focussed manner with a high degree of suspicion. Like other cardiomy-
opathies, TB myocarditis usually manifests with an abnormal pattern of enhance-
ment of the late myocardial gadolinium enhancement imaging [47].

Role of Interventional Radiology in Management of TB

Chronic inflammatory changes in TB fibro-cavitary disease can recruit blood ves-
sels from systemic bronchial arterial supply arising from the aorta [48]. In difficult
to manage cases of haemoptysis refractory to conservative management, the treat-
ment of choice is prompt radiological intervention and embolization of these feed-
ing vessels supplying the abnormal lung (Fig. 14). In such circumstances, it is
important that the clinician discusses the nature of the clinical problem with the
radiologist, rather than proceed straight to CT. The protocol and timing of contrast
phases on CT is critical to ensuring both systemic and pulmonary arterial systems

Fig. 14 (a) Control film from intercosto-bronchial arteriograms showing right apical scarring and
ill-defined increased opacification in the right upper zone. (b) Right intercosto-bronchial arterio-
gram (red arrow) showing hypertrophy of the bronchial and intercostal arteries with bronchial and
non-bronchial systemic to pulmonary artery shunting. Note the marked retrograde opacification of
the right main pulmonary artery (blue arrow). (Image courtesy Dr Ali Alsafi, Consultant interven-
tional Radiologist, Imperial College Healthcare NHS Trust UK)
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are identified, to identify sites for embolization. Other than bronchial arteries, other
systemic arterial branches from intercostal arteries, the thyrocervical trunk [48] and
the inferior phrenic arteries can be potential feeder vessels. Importantly, another
potential source of bleeding, the Rasmussen’s pseudoaneurysm arises from the pul-
monary arterial tree [49]. This is an important entity, as it represents a potential
cause for re-bleeding in a patient who has had a successful embolization of the
aforementioned systemic arteries. When identified in advance of invasive angiogra-
phy, this can prompt, the interventional radiologist to perform more focused evalu-
ation of the pulmonary arterial tree.

Abdominal and Pelvic TB

Although pulmonary TB is the most common presentation, the disease can spread
to virtually any tissue or organ by haematogenous or lymphatic dissemination or
direct spread.

In the abdomen/pelvis, the commonest manifestations are of peritoneal disease
and lymphadenopathy, although gastrointestinal tract and solid abdominopelvic vis-
cera can also be involved [50]. TB associated nodal disease usually has a character-
istic appearance of caseous necrotic nodes with peripheral enhancement and central
low attenuation, as previously alluded to in the ITLNTB section [50]. This is not
pathognomonic or specific to TB, but should raise suspicion.

Peritoneal TB

A common manifestation of intra-abdominal tuberculosis is peritonitis. It is
thought that this arises through haematogenous dissemination and/or lymphatic
spread from rupture of a tuberculous lymph node. Another recognised route is of
peritoneal spill from an involved fallopian tube [51]. There are three broad types
of pathological peritoneal TB entities crucial to the appearances on radiology
(Fig. 15). Wet-type peritoneal involvement is predominantly characterised by
generalised ascites or organised into loculated pockets of fluid. The fluid in peri-
toneal TB is often higher density (20—40 Hounsfield units HU) than water (0 HU)
due to its proteinaceous content [51]. Ascites may be associated with generalised
smooth peritoneal thickening (Fig. 15) compared to normal peritoneum which is
barely perceptible. Dry-type peritoneal disease tends to feature nodular deposits
along the mesenteries, omentum and peritoneal reflections and vague fat strand-
ing or ‘misting’ of the mesentery. There may also be mixed ascites and mesen-
teric adhesions associated with dilated obstructed bowel loops. Again, typical
necrotic caseous mesenteric lymph nodes can be seen [50]. Fibrotic-type perito-
neal disease features larger cake-like deposits in the mesentery and omentum
with thick fibrotic adhesions that can result in matting together of bowel loops
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Fig.15 (a, b & ¢) Axial enhanced normal and abnormal CT abdomen of peritoneal TB (a) Normal
scan with normal pencil thin / barely perceptible peritoneum (red arrows). (b) Abnormal scan
demonstrating TB ascites / loculated pockets of fluid ascites (red stars). Peritoneal lining is
smoothly thickened and enhances diffusely (blue arrows). (¢) Abnormal scan demonstrating TB
omental cake: Extensive nodular soft tissue peritoneal conglomerate masses in omentum (red
arrows). This omental caking seen in fibrotic type TB peritoneal disease. Ascites with smooth
thickening of overlying peritoneum also seen (blue arrow), notably at the right iliac fossa reflection

[50] (Fig. 16). Importantly TB peritoneal features, are not specific for TB and it
is important to exclude other differential diagnoses notably neoplastic disease [51].

Gastrointestinal Tract TB

The most commonly affected part of the gastrointestinal tract (~90%) is the ileo-
caecal region [50]. This usually results in concentric bowel wall thickening with
inflammatory change within the mesentery and localised necrotic lymphadenopa-
thy. This can be demonstrated on CT or MRI. With time, this can lead to architec-
tural distortion in the right iliac fossa leading to a shrunken retracted appearance
of the caecum and tethering of adjacent loops (Fig. 16). Complications of disease
includes bowel wall perforation and abscess formation as well as interloop fistula-
tion [50]. Whilst ileo-caecal disease is most common, any part of the gastrointes-
tinal tract can be involved. Again, when other areas are involved, findings tend to
be non-specific. For example, with gastro-oesophageal TB, disease manifests with
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Fig. 16 Coronal MRI slice
(T2 weighted sequence).
Fluid is bright on this
sequence. The study
demonstrates an
enterocolitis in a patient
with known miliary
pulmonary TB. Abnormal
thick-walled bowel loops
are noted in the right side
of the abdomen. The
thickened caecum and
distal ascending colon are
distorted and drawn
medially, into an area of
matted inflamed distal ileal
loops. There is apparent
tethering and ileo-colic
fistula formation at this site
(red arrow). Associated
multiple T2 hyperintense
liver lesions in keeping
with systemic
dissemination of miliary
TB (blue arrows)

ulceration, stricturing and stenosis [52]. Hence, fluoroscopy still offers a role in
assessing this. This involves administering an oral contrast agent that is ingested
and then dynamically imaged using X-rays. This allows for assessment of peristal-
sis and demonstration of strictures and stenoses. Double contrast studies using
effervescent agents are less often performed to assess for ulceration and mucosal
irregularity in favour of endoscopy [52]. Other than imaging the oesophagus,
investigation has moved away from conventional barium studies in favour of
cross-sectional studies [53]. MRI is preferred owing to its lack of exposure to ion-
izing radiation and for its ability to dynamically image bowel peristalsis. The find-
ings in GI TB are not specific and have a differential diagnosis which includes
other infectious and inflammatory aetiologies, such as Crohn’s disease. Equally,
malignancy should be considered and excluded. Clinical context is especially
important and concurrent chest findings are helpful in making the distinction [50].
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Fig. 17 (a) Axial contrast
enhanced CT slice of the
liver and with small low
attenuation nodules in the
spleen. The pattern of
nodules demonstrated is
typical of active
granulomatous splenic
infiltration. (b) Coronal
slice of an unenhanced CT
shows multiple tiny
calcified foci in the spleen
in keeping with evidence
for old healed splenic
granulomas /TB

Hepatic and Splenic TB

Granulomatous infiltration of the liver and spleen can occur in haematogenously
disseminated TB with a miliary pattern of diffusely distributed hepato-splenic
2-4 mm low-attenuation lesions on CT. (Fig. 17a). On MRI, these lesions tend to be
low signal on T1 weighted imaging and higher signal than background liver paren-
chyma on T2 weighted imaging (Fig. 16). Some of these larger nodules may be
associated with peripheral enhancement. Diffuse infiltration of the liver and spleen
can lead to enlargement [50, 51], and such a pattern is usually seen in conjunction
with pulmonary TB. In the liver, a macronodular pattern can also be seen with nod-
ules that measure up to 30 mm, [51] but this is less common. Similar to disease in
the lungs, once hepatic and splenic granulomas resolve, they can leave small resid-
ual parenchymal calcifications (Fig. 17b) [50].

Adrenal TB

Adrenals are a relatively common abdominal site; interestingly, the leading cause of
Addison’s disease worldwide is tuberculous infiltration. The imaging manifesta-
tions include bilateral expansion of the glands with nodular contours and internal
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low attenuation [50], whilst shrunken distorted glands with dense focal calcification
are features of old TB.

Genitourinary TB

Urinary tract TB: Contrast enhanced CT Urography has by and large replaced
two-dimensional Intravenous Urography (IVU) and involves multi-phasic contrast
enhanced assessment of the renal parenchyma, collecting system and urinary blad-
der. Knowledge of the normal anatomy of the renal medulla, minor and major renal
calyces (which have sharply outlined edges), is key to appreciating pathology
(Fig. 18). Granulomatous inflammation and microvascular damage leads to renal
papillary necrosis which manifests on imaging with blunting of the sharp edges of

a cortex

" minor calyx

\ major calyx

ureter

Fig. 18 (a) schematic drawing of the macroscopic architecture of the kidney in longitudinal cross
section. [llustration-Dr Aisling Fagan, Radiology Registrar, Imperial College Healthcare NHS
Trust. (b & ¢) Coronal oblique slice right kidney excretory phase CT-IVU. (b): Normally opacified
calyceal system. Note, calyces have sharp funnel shaped edges (¢) CT-IVU demonstrates filling
defects and underfilling of mid-pole renal calyces (red arrows) due to urothelial thickening and
distortion, with balloon dilatation of un-opacified upper pole calyces (blue arrows) due to calyceal
infundibular strictures
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the renal calyces which become irregular and club shaped [54]. The contrast filled
calyces can develop an irregular moth-eaten appearance with sloughed debris result-
ing in filling defects [51] (Figs. 18 and 19). Disease can extend to the renal paren-
chyma resulting in a TB pyelonephritis with generalised heterogenous enhancement
on CT [55]. This correlates with focal areas of reduced echogenicity on ultrasound
[56] and patchy attenuation on contrast enhanced CT (Figs. 19 and 20). In addition
to generalised pyelonephritis, focal parenchymal granulomatous nodules can form
and can potentially result in Intra-renal or perinephric abscesses. These typically
appear hypodense on CT with peripheral enhancement [55] (Figs. 19 and 20). On

Fig. 19 (a, b, ¢) Lung, renal and urothelial TB. Contrast enhanced Coronal Body CT (Image a)
with axial CT (Image b) show urothelial thickening with associated upper pole calyceal dilatation
(red arrows image a & b) due to structuring of upper pole infundibulum. Associated renal right
lower pole patchy cortical enhancement (blue arrows a & b). Associated bladder wall thickening
and inflammation (Image c coronal pelvic CT, red arrows). Constellation of features in keeping
with urothelial and renal cortical TB. Associated lung consolidation right upper lobe (green arrow
image a) Image courtesy Dr Uday Patel, Consultant Radiologist, St George’s Hospital NHS Trust,
London, UK
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Fig. 20 (a) Contrast enhanced axial CT scan slice. (b) Ultrasound left kidney. Findings: left kid-
ney, on contrast CT (Image a) shows low attenuation necrotic focus with enhancing rim in keeping
with a cortical renal abscess (thick red arrow). Note the peri-nephric stranding and reactive thick-
ening of adjacent bowel loop (fine red arrows). Contrast is also noted within the left renal collect-
ing system (blue arrows). Ultrasound (Image b) demonstrates a complex partly echogenic septated
abscess (thick red arrow). Diagnostic aspirate performed under ultrasound (US), revealed culture
positive mycobacterium tuberculosis. Image courtesy Dr Uday Patel, Consultant Radiologist, St
George’s Hospital NHS Trust, London, UK

ultrasound these appear as hypoechoic rounded foci which have internal avascular-
ity on Doppler, compared with the rest of the hyper-vascular inflamed kidney [56]
(Fig. 20). In untreated cases, parenchymal granulomas can lead to a spectrum of
findings with necrosis, parenchymal distortion, and eventually destruction with
extensive calcific debris conforming to the shape of the shrunken renal parenchyma.
This auto-nephrectomy appearance or ‘putty kidney’ [57], is rarely seen nowadays.
However, this can still be encountered as an incidental finding on unrelated radio-
logical investigations. Descending infection into the ureters and bladder is more rare
than renal involvement. On CT Urography, ureteric involvement is typically demon-
strated with thickening of the walls of the contrast opacified ureters. This inflamma-
tion can lead to stricturing and associated focal ureteric dilatation [55]. Tuberculous
bladder involvement and can manifest as focal or diffuse bladder wall thickening
with or without calcification (Fig. 19). However, bladder calcification is more often
related to other causes, such as Schistosomiasis [51].

Genital tract TB: In men, this most commonly involves the prostate, albeit with
non-specific imaging features. Typically, on CT, hypoattenuating lesions with
peripherally enhancing rims are seen, but MRI is a more sensitive modality and
more subtle changes can be detected (Figs. 21 and 22). Appearances are often indis-
tinguishable from prostatic inflammation and abscesses from other causes [50].
Calcific foci can persist in patients with previous tuberculous prostatitis [55].
Prostatic disease can spread to involve the rest of the male genital tract. Potential
sites of involvement can include the seminal vesicles and vas deferens, which can
lead to infertility as a complication. Scrotal involvement is also encountered. This
manifests as epididymitis that can progress to involve the testes [58]. Ultrasound is
the best modality to assess for this and typically demonstrates a thickened hypoechoic
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Fig. 21 Prostate TB after intra-vesical BCG treatment for early bladder cancer. (a) Axial T2
weighted image demonstrates focal areas of increased signal (bright foci) in the left peripheral
zone (red arrows), (b) Axial diffusion weighted sequence (ADC) demonstrates associated diffu-
sion restriction (dark spots) (more notably labelled with the thick red arrow), (¢) Trans-rectal US
shows that the larger peripheral zone abnormality corresponds with a hypoechoic lesion (dark
focus) (thick red arrow). US guided biopsy showed granulomas and culture positive mycobacte-
rium tuberculosis. Image courtesy Dr Uday Patel, Consultant Radiologist, St George’s Hospital
NHS Trust, London, UK

Fig. 22 Prostatic TB: MRI prostate Coronal T2 (/mage a) and contrast enhanced coronal images
(Image b) showing intense contrast enhancement bilaterally but predominantly in the left half of
the gland (yellow arrows). Image courtesy Dr Uday Patel, Consultant Radiologist, St George’s
Hospital NHS Trust, London, UK
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Fig. 23 Epididymal and seminal vesicle tuberculosis: (a) Axial contrast enhanced CT through
base of bladder shows grossly distended seminal vesicles (red arrows). (b) Coronal T2 weighted
MRI sequence also demonstrates gross dilatation of the seminal vesicles. (¢) Ultrasound testis
(blue arrow) with a swollen inflamed epididymis at the lower pole of the testis (green arrow) on
Image c. Image courtesy Dr Uday Patel, Consultant Radiologist, St George’s Hospital NHS Trust,
London, UK

epididymis and/or heterogeneous areas of reduced echogenicity within the testes
[59] (Fig. 23).

In women TB can result in salpingitis, the scarring sequelae is best demonstrated
on fluoroscopic hysterosalpingography (HSG) [51]. The HSG involves instillation
of uterine cavity and fallopian tubes with contrast via cannulation of the cervix [60].
In TB salpingitis, multi-focal strictures of the fallopian tubes can be observed [51].
The more active disease manifestations of tubo-ovarian abscesses, are amenable to
ultrasound detection, and an inflammatory phlegmon can potentially spill into the
peritoneal cavity resulting in a peritonitis [50].
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Bone and Joint TB

Skeletal TB is the third most common form of extra-pulmonary TB. Estimates range
from 5%-20% in endemic and non-endemic regions and across all age groups [61—
64]. In adults, 50% of all skeletal TB is spinal, whilst in children one third of bone
related TB is spinal [61, 62]. This propensity for the spine, is thought to be related
to the rich vertebral blood supply, given that spread is predominantly hematoge-
nous. The consequences of untreated spinal TB can be devastating with potential for
compression of the spinal cord. The subject of spinal TB imaging is discussed in
detail in section-2 of this chapter.

Extra-spinal Bone and Joint TB

Extra-spinal skeletal TB manifests predominantly as TB arthritis (60-70%) or TB
osteomyelitis (30-40%). A small incidence of isolated soft tissue findings such as
tenosynovitis and bursitis is also recognised [61, 62, 65]. Extra-spinal skeletal TB is
important, not because it is common, but because the diagnosis is often delayed [66,
67]. Given that appendicular skeletal TB is less frequent and because symptoms are
often non-specific, doctors may overlook the diagnosis. Imaging is helpful in the
diagnosis of spinal and extra-spinal bone TB, but an index of suspicion on behalf of
the clinicians is critical to initiating timely imaging. Early diagnosis is key to pre-
venting permanent sequelae, notably serious debilitating neurological consequences
(related to spinal TB), deformity and disability. The mainstay of bone and joint
imaging in TB is MRI.

Extra-spinal skeletal TB, commonly affects weight bearing bones and joints.
Imaging often starts with plain radiographs. These may be very useful when disease
has been present for some time allowing bone or joint changes to become more
obvious. Abnormalities on plain radiographs and indeed CT depend on a degree of
bone loss (such as osteolysis, peri-articular osteopenia, erosions around articular
surfaces) and sufficient attrition and damage to cartilage (with reduced joint space
and sub-articular/sub-chondral cysts) (Fig. 24). Once such signs are present, it is
reasonable to assume the pathology has been present for some time. A normal plain
radiograph does not exclude pathology. Therefore, normal plain films should not
preclude further imaging if clinical suspicion is high. MRI is more sensitive to early
and subtle signs of inflammation in the synovium, cartilage and sub-chondral bone
and importantly the adjacent soft tissues. MRI has a higher negative predictive value.

TB infection can seed (most commonly from a hematogenous source) to the
bony metaphysis or directly to the synovium of affected joints. When the process
starts in the metaphyseal bone, granulation tissue and caseation can lead to bone
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Fig. 24 The Phemister triad: Reproduced with permissions from The Lancet Volume 391 Issue
10,135 (May 2018) Arghya Chattopadhyay, MD, Prof Aman Sharma, MD, Prof Kirti Gupta, MD,
Prof Sanjay Jain. Anteroposterior x-ray left of knee (standing) showing multiple marginal erosions
(arrows), periarticular osteopenia, and reduced joint space (a) and high-resolution chest CT show-
ing subtle miliary mottling (b)

b o

Fig. 25 Chronic Clavicular TB Right clavicle: MRI T2 fluid sensitive (Image a) and Diffusion
weighted Imaging (DWI) (Image b) Findings are of diffuse bone based abnormal signal on MRI
with oedema and remodeling deformity, the latter reflecting chronicity. Associated sub-articular
erosions at sternoclavicular articular surface and surrounding oedema. (Image courtesy Dr Afshin
Alavi, Consultant Radiologist, Imperial College Healthcare NHS Trust UK)

necrosis. This reflects on imaging as an eccentric osteolytic lesion of TB osteomy-
elitis. Infection may extend into adjacent soft tissue, forming a soft tissue ‘cold’
abscess, or result in contiguous joint involvement. In children, this trans-epiphyseal
spread of infection, has the potential to disrupt epiphyseal growth. The combination
of bone-based and joint-based infection present together raises TB as a key differ-
ential as such trans-epiphyseal spread of osteomyelitis is traditionally thought to be
typical of TB [51, 65, 68] (Fig. 25). It is now more widely recognised that such
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spread is though not exclusive to TB and also possible in pyogenic osteomyelitis
[69]. Given the granulomatous process is relatively slow and insidious, compared to
pyogenic infections, it is more likely that in TB, the problem only becomes clini-
cally apparent in a delayed fashion, when the joint also becomes involved and pain
begins to limit joint mobility.

MRI is very sensitive in detecting early bone inflammation as abnormalities in
marrow signal. Unlike other causes of marrow oedema, the granulomatous response
in TB can manifest as intermediate to low signal intensity on the key MRI T1 and
T2-weighted MRI sequences [65, 70, 71]. Caseous necrosis can have high or inter-
mediate signal components on fluid sensitive sequences. Soft tissue abscesses are
also well delineated on MRI. TB abscess tend to have thin and smooth walls relative
to the irregular ill-defined thick margins, seen in pyogenic abscesses. This is due to
the comparatively lesser degree of inflammation in TB together with a more chronic

insidious course of the disease [71].
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Fig. 26 Multi-focal TB on FDG PET CT. Image a, b, ¢: FDG PET MIP and fused PET-CT axial
slices through the thorax and hips with FDG tracer activity at the right hip (blue arrows), within
intra-thoracic lymph nodes (red arrows) and intra-abdominal right iliac fossa lymph nodes (green
arrow) Image d: FDG PET MIP image in another case with multi-focal TB with tracer active foci
of nodal disease (red arrow intra-thoracic nodes and green arrow intra-abdominal node) and osteo-
articular TB (blue arrows—right wrist and left shoulder). In both cases FDG PET CT helped to
identify accessible target tissue for sampling, leading to a confirmed diagnosis of TB. Images
Courtsey: Dr Rajnish Sharma, Director, Molecular Imaging & Research Centre (MIRC),
INMAS, Delhi
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A single site of TB osteomyelitis is more common, but multiple sites of involve-
ment may be seen, (Fig. 26) especially in children or immunocompromised hosts
[65, 71]. In children, the metaphysis of the long bones tend to be affected, whereas
in adults, the axial skeleton (skull, shoulder girdle, pelvis) is involved [65, 71]. The

Fig. 27 TB Dactylitis: (a) Extensive soft tissue swelling (blue arrows) little finger with a lytic
process and remodelling involving the proximal and middle phalanx (red arrows) with sparing of
inter-phalangeal joints. Sarcoid or a tuberculous dactylitis are key differentials. Reproduced with
permissions from https://radiopaedia.org/cases/spina-ventosa-2 Case courtesy of Melbourne Uni
Radiology Masters, Radiopaedia.org, rID: 42142 (b) Expansile and lytic process involving involv-
ing the thumb (proximal phalanx) & base of the index finger metacarpal, the latter with more overt
cortical destructive changes. Reproduced with permissions from https://radiopaedia.org/cases/
tuberculous-dactylitis Case courtesy of Radswiki, Radiopaedia.org, rID: 12043


https://radiopaedia.org/cases/spina-ventosa-2
https://radiopaedia.org/cases/tuberculous-dactylitis
https://radiopaedia.org/cases/tuberculous-dactylitis
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ribs are another site of chronic TB osteomyelitis and should be kept in the differen-
tial for pathology at these sites. Another peculiar pattern of bony involvement is TB
dactylitis with characteristic fusiform swelling of the small tubular bones in the
hands and feet. This also occurs more frequently in children [71] (Fig. 27).
Tuberculous dactylitis, may be painless and present on plain radiographs. It can
feature periostitis, a coarsened trabecular pattern and acro-osteolysis, sometimes,
with adjacent joint involvement. In some cases, this can involve the adjacent small
joints of the hand. This presentation is not exclusive to TB and differentials includes
pyogenic or fungal infections, sarcoidosis and hyperparathyroidism [71].

TB arthritis can occur as a primary process when mycobacterial seeding is syno-
vial or as a secondary process, when infection spreads from an adjacent bone-based
TB osteomyelitis. TB arthritis is often mono-articular. The hip and knee are com-
monly affected in most reported series [61, 62, 65, 71]. The typical plain radio-
graphic findings of TB arthritis that make up the eponymous Phemister Triad
(Fig. 24) are juxta-articular osteopenia/osteoporosis (loss of bone density around
the joint as a consequence of inflammation), peripheral osseous erosions (small
areas of bone/peri-articular lysis around the joint), and narrowing of joint space
(from loss of articular cartilage) [72]. These features are not specific for TB, but
should raise suspicion for an inflammatory or a septic arthritic process. On MRI,
findings can be detected at an earlier stage with joint effusion and thickening and
enhancement of synovium. Tubercular arthritis is characterised by synovial prolif-
eration which is typically hypointense or intermediate signal on T2-weighted
images, unlike other inflammatory arthropathies [65, 70, 71] (Fig. 28). This charac-
teristic signal is thought to be related to haemorrhage, fibrosis and inflammatory
debris [70]. Articular cartilage damage, subchondral bone erosions and oedema are
also depicted in the earlier stages on MRI before joint space loss occurs. Surrounding
soft tissue extension and sinus tract formation is also best demonstrated on
MRI. When the process is advanced, CT gives a better picture of extent of bone
destruction. Should the infection remain untreated, severe joint destruction is the
end result and ankylosis of the joint can occur. In contrast to pyogenic arthritis, the
development of bone ankylosis is uncommon and the ankylosis in TB is more com-
monly fibrous in nature [71].

Whilst lower limb, notably hip and knee joints, are key sites of TB arthritis, no
joint is exempt. Amongst others, sterno-clavicular and sacro-iliac joints are notable
sites [73]. An asymmetrical or unilateral sacroiliitis should prompt an index of sus-
picion for infective etiologies, TB included, such that diagnosis is not delayed and
intra-articular steroid injections are not used for pain management. It is also impor-
tant to keep in mind the eponymous entity of Poncet arthritis; a non-infectious form
of reactive polyarthritis that can occurs during an episode of acute TB infection
[74]. Whilst it is very rare, mycobacterium bovis related bone and joint infection
can occur after intravesical bacillus Calmette-Guérin (BCG) therapy for non-inva-
sive bladder cancer [61]. In addition, observed cases of skeletal NTM, whilst rare,
increased following the AIDS epidemic in 1980s [61].
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Fig. 28 Left Shoulder Tubercular arthritis MRI: Image a & c—Coronal STIR, Image b Axial
SPAIR (All fluid sensitive sequences). Large complex mixed signal left shoulder effusion distend-
ing the capsule (red arrows) with marked synovial thickening (green arrow) and surrounding soft
tissue oedema. Associated glenoid high signal reflects bone lysis (yellow arrows). Associated
bulky axillary lymph nodes (blue arrows, Image c). Image courtesy Dr Michael Khoo, Consultant
Radiologist, Royal National Orthopaedic Hospital, Stanmore, UK

A key question from a clinical perspective is—can radiology/MRI differentiate
between pyogenic and tubercular osteomyelitis and arthritis. Indeed, whilst there
are features that may favour tuberculosis (insidious onset, minimal sclerosis, pau-
city of periosteal reaction, relative preservation of joint space in early stages, low
to intermediate, as opposed to high T2-weighted MRI signal related to synovial
granulomatous infiltration), these are not pathognomonic for TB and there is over-
lap with other aetiologies (eg. brucellosis, non-infective inflammatory arthropa-
thy). Confirmation of aetiology is based on tissue sampling with aspiration or
biopsy. In this context, ultrasound is very useful if the collection is soft-tissue
based, whilst CT guided percutaneous bone biopsy can help avoid an open surgical
procedure.
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Imaging of Intracranial Tuberculosis Infection
(See Tables 4 and 5)

General Imaging Considerations

The key imaging modalities used in imaging the brain are computed tomography
(CT) and magnetic resonance imaging (MRI). CT is used in acute settings and as a
screening tool; it is particularly good for rapidly answering emergency management
questions, for example whether there is a large haemorrhage or acute hydrocepha-
lus, and also for evaluation of bone. However, it is less useful in determining the
presence and nature of intracranial infection. MRI is much more sensitive to signs
of intracranial infection and is generally used to detect and determine the extent of
disease.

In neuroimaging, a number of MRI sequences are key for diagnosis and tend to
be performed as standard. The box in Fig. 29, identifies the key features to help
identify each sequence. As a general rule, T2-weighted imaging (which includes
fluid-attenuated inversion recovery (FLAIR) images) is the most useful for high-
lighting pathology, as oedema is hyperintense. The T2 characteristics of focal brain
lesions are particularly helpful in tuberculosis infection.

T1-weighted imaging is most helpful for delineating anatomy and assessing for
haemorrhage, and also is used for post-contrast imaging with gadolinium-based
contrast agents; GBCAs do not cross the blood-brain barrier in normal circum-
stances, so enhancement again usually indicates pathology.

Diffusion-weighted imaging (DWI) can highlight very cellular material that can
be useful for identifying tuberculosis mimics, for example pus in a pyogenic abscess
or cellular tumour in intracranial lymphoma. When interpreting diffusion weighted
imaging both the high-b value diffusion weighted images and the constructed appar-
ent diffusion coefficient (ADC) map must be evaluated together, with true restricted
diffusion defined as increased DWI signal and decreased signal on the ADC map.
Finally, susceptibility-weighted imaging identifies substances with paramagnetic
properties; practically speaking this includes blood, blood degradation products and
calcification, all of which are again particularly relevant when imaging tuberculosis.

Table 4 Key points—Neuroimaging in TB

Neuro-imaging of Tuberculosis

— MRI with contrast is the modality of choice for assessment and follow up of intracranial
and spinal TB

— Rupture of intracranial Rich focus leads to leptomeningeal spread & a basal meningitis

— Significant associated morbidity and mortality

— Complications of TB meningitis include hydrocephalus, vasculitis, and cerebral infarcts

— Spondylodiscitis with paravertebral and epidural extension is most common spinal
manifestation
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Table 5 Key points—Imaging patterns in Spinal tubercular and pyogenic infection

Spinal Infection Pyogenic Tuberculous
Disc Primarily Often spared in early disease
involved
Subligamentous spread Absent May be present
+/— Non-contiguous multilevel
involvement
Paravertebral/epidural collections | May be present | Frequently present
Often Larger and thin-walled
thick-walled
Bone destruction Mild to moderate | Severe in longer term
Patient condition Unwell Well relative to appearance on imaging
BRAIN Grey Matter | White Matter
Darker Brighter Dark
T2 Brighter Darker Bright
FLAIR Brighter Darker Dark
DWI (B1000)  Similarto FLAIR but lower resolution
ADC Brain dark, CSF bright, lower resolution
SWI Veins and calcification verydark

T1 Bright Dark
T2 Bright Bright
STIR Dark Bright

Fig. 29 Quick guide to MRI sequence recognition. FLAIR Fluid Attenuated Inversion Recovery.
DWI Diffusion Weighted Imaging. ADC Apparent Diffusion Coefficient map. SWI Susceptibility
Weighted Imaging. ST/R Short Tau Inversion Recovery
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All sequences can be imaged in multiple planes or acquired volumetrically, so
that they can be reconstructed in the plane desired; it is worth becoming familiar
with local protocols in order to be comfortable interpreting pathological findings.

Intracranial Pathology

As in the lungs, there are multiple potential presentations of intracranial tuberculo-
sis infection and the presentation will depend on the chronicity of infection and the
immune status of the patient, among other considerations. Unlike pyogenic menin-
gitis which tends to arise from haematogenous spread, tuberculous infection tends
to originate from the formation of a Rich focus, a granuloma which forms in the
subcortical region or in the meninges, and then ruptures, spreading infection most
frequently through the leptomeninges [75]. The most common presentation of intra-
cranial tuberculosis infection is therefore tuberculous meningitis, but there are
many other potential imaging manifestations and complications which we will dis-
cuss in this section.

Meningeal Disease

Leptomeningeal disease usually occurs because of the rupture of a Rich focus;
rarely there can be contiguous spread from bone but this is much less common [76].
Cell-mediated immunity gives rise to a thick gelatinous exudate which causes the
characteristic imaging findings [76]. This typically affects the internal layers of the
meninges, the pia and arachnoid mater (known collectively as the leptomeninges).
In the setting of leptomeningeal infection, there is localised breakdown of the blood-
brain barrier leading to replacement of the normal cerebrospinal fluid with gelati-
nous exudate and thickening and nodularity of the leptomeninges. In TB this tends
to occur in the basal cisterns and in the Sylvian fissures (the so-called ‘basal menin-
gitis’), although can extend to the cerebral convexities if the infection is severe.

The consequent imaging features are thick, nodular enhancement (as compared
to the smooth enhancement in bacterial and viral meningitis) in the affected regions,
and there can be replacement of the normally dark cerebrospinal fluid on FLAIR
with iso—or hyperintense material. The enhancement is most commonly seen only
on contrast-enhanced MRI, but may also be visible on contrast-enhanced CT. It
often leads to hydrocephalus, with the inflammatory exudates or focal tuberculomas
blocking cerebrospinal fluid drainage (Fig. 30).

These findings are nonspecific in that other forms of meningitis may have similar
appearances (other infections, particularly fungal, as well as carcinomatous menin-
gitis and other granulomatous diseases such as sarcoidosis and IgG4 disease); how-
ever, in the correct clinical context these imaging features are fairly characteristic.
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Fig. 30 Widespread
leptomeningeal
enhancement in a patient
with tuberculous
meningitis. There is
particularly florid,
thickened leptomeningeal
enhancement in the basal
cisterns (open arrow). Also
note prominence of the
temporal horns in keeping
with secondary
hydrocephalus (closed
arrow)

Pachymeningeal Disease: Less commonly, the outer layers of the meninges
(arachnoid and dura mater, collectively known as the pachymeninges) can be
involved. This is thought to be related to more chronic infection and granulomatous
disease, rather than the exudates seen in leptomeningeal disease. MRI demonstrates
bulky pachymeningeal thickening and enhancement, which may be hypointense on
T2-weighted images (Fig. 31), and this responds to antituberculous treatment. The
differential diagnosis again includes other granulomatous diseases, particularly
IgG4 and sarcoidosis, as well as malignancy, particularly lymphoma [77].

Parenchymal Disease

There are a variety of intraparenchymal manifestations of tuberculous infection,
including tuberculomas, abscesses, and cerebritis.

Tuberculomas: Tuberculomas are the most common parenchymal manifestation
of TB. Tuberculomas are granulomas forming in reaction to tuberculous bacilli, and
their appearance can change depending on the stage they are in: they are initially
solid (noncaseating) and then become centrally caseating, which can progress from
solid to liquid caseation, each of which can have slightly different imaging charac-
teristics [76]. However, the distinction between stages is sometimes a rather aca-
demic exercise and the most common imaging appearances are more helpful to bear
in mind.
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Fig. 31 Durally based tuberculosis infection. There is an extra-axial durally based lesion which is
hypointense on T2-weighted images (a, arrow), and demonstrates avid contrast enhancement on
axial (b) and coronal (¢) post-contrast T1-weighted images. Also note the extensive surrounding
oedema, best seen on the T2-weighted imaging (a)

On CT, the lesions may have central calcification and either solid or ring enhance-
ment, and may be difficult to detect on non-contrast studies unless there is signifi-
cant surrounding oedema.

The most typical appearance on MRI is of one or multiple focal intraparenchy-
mal lesions with central T2 hypointensity and peripheral enhancement, with sur-
rounding vasogenic oedema (Fig. 32). The central signal may increase on T2 as the
lesion liquefies [76]. Miliary TB in the CNS describes the pattern of multiple small
tuberculomas (2-5 mm) scattered throughout the brain parenchyma, and often
occurs in immunocompromised patients via haematogenous spread [78].

The T2 hypointense rim and central calcification, if present, can be helpful imag-
ing signs to alert the radiologist to the likelihood of TB, but in general the appear-
ances tend to be nonspecific and the differential diagnosis includes many other
forms of infection (including neurocysticercosis and toxoplasmosis) as well as
metastases.

Abscess: TB abscesses are more rare, and essentially represent encapsulated pus
and tuberculous bacilli without the granulomatous reaction seen in tuberculomas
[76]. These are very difficult to differentiate from pyogenic abscesses, presenting
similarly with a T2 hyperintense centre and enhancing rim with internal diffusion
restriction. Slower progression and increased thickness and nodularity of the
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Fig. 32 Tuberculoma. There is a focal lesion in the left temporal lobe which is hyperdense on CT
(a, arrow), hypointense on T2 (b) and FLAIR (¢) weighted MR images, and demonstrates periph-
eral contrast enhancement on the post-contrast axial T1 weighted image (d). Note the surrounding
oedema seen on the T2-weighted image (b)

enhancing rim may differentiate them from pyogenic abscesses. They tend to be
larger than liquefied caseating granulomas, and internal diffusion restriction can
also help to distinguish the two. There may be a role for spectroscopic and magne-
tization transfer imaging but this may not be practical to obtain and interpret in most
centres [79].
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TB Cerebritis Infection of the brain itself may occur either alone, or more fre-
quently in conjunction with meningitis. The typical imaging characteristics are of
oedema (hypodense on CT, hyperintense on T2/FLAIR and hypointense on T1)
with patchy contrast enhancement.

Tuberculous Encephalopathy This is not strictly an infective manifestation, but a
hypersensitivity reaction to the bacillus, which occurs mainly in children and has a
high morbidity and mortality. This presents with an imaging phenotype similar to
acute disseminated encephalomyelitis (ADEM), with diffuse white matter T2
hyperintensity and patchy contrast enhancement [80].

Complications

The major secondary complications of intracranial tuberculosis infection tend to
arise from tuberculous meningitis, and include hydrocephalus, vascular compro-
mise and ventriculitis.

Hydrocephalus: Hydrocephalus in the setting of TB infection is most often com-
municating, thought to relate in part to obstruction of the arachnoid granulations by
exudate, but there may also be obstructive hydrocephalus directly secondary to a
tuberculoma.

This can be easily identified on CT with enlargement of the ventricles, signs of
raised intracranial pressure, and hypodensity in the periventricular white matter rep-
resenting trans-ependymal fluid shift. The earliest signs are said to be a dispropor-
tionate increase in the size of the temporal horns of the lateral ventricles (Fig. 30),
and then rounding of the frontal horns and downward displacement of the floor of
the anterior recess of the third ventricle seen on the sagittal view [81]. This is an
emergency and requires urgent neurosurgical assessment.

Vascular Complications: The basal exudate in tuberculous meningitis often sur-
rounds the major intracranial arteries of the circle of Willis, and a secondary vascu-
litis in these vessels leads to focal infarcts. In one study, 50% of those with TB
meningitis suffered cerebral infarcts [82].

The distribution of infarcts tends to involve the deep perforator and cortical
branches rather than main trunks of cerebral arteries, and infarcts are most com-
monly seen in the basal ganglia as a result of lenticulostriate artery involvement [83]
(Fig. 33).

On imaging, infarcts are seen as focal areas of restricted diffusion in the acute
stage, with evolution of imaging characteristics depending on the age of infarct
[84]. Involvement of the intracranial arteries may be demonstrable on angiographic
imaging; digital subtraction angiography is the most sensitive to detect multiple
focal stenoses in the intracranial arteries, but these are often visible on CT or MR
angiography [82]. Vessel wall imaging, a technique which suppresses the signal
from the lumen of the artery so that the enhancement pattern of the arterial wall can
be evaluated, may be useful to assess the degree of arterial involvement [85].
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Fig. 33 Infarct. In this patient with tuberculous meningitis, there is abnormal DWI (a) and FLAIR
(b) signal in the left thalamus compatible with an infarct (arrows)

Ventriculitis: Ventriculitis (infection of the ependymal lining of the ventricles) is
a much less common complication of tuberculous meningitis than pyogenic menin-
gitis, but nevertheless has been reported. Imaging will demonstrate abnormal hyper-
intense T2/FLAIR signal and enhancement of the ependyma, and there may be
swelling and increased enhancement of the choroid plexus as well as intraventricu-
lar tuberculomas [86].

Spinal Tuberculosis

General Imaging Considerations

As in the brain, standard imaging protocols exist for imaging the spine in the setting
of infection. In the emergency setting, CT is again the first line modality of choice,
and is ideal for the assessment of bony involvement. This can be performed without
contrast, but post-contrast imaging allows the characterisation of the paravertebral
soft tissues, and post-contrast CT is often performed in the setting of chest or
abdominal infection on which spinal disease may also be identified. CT is also fre-
quently used for image guidance to sample the bone itself or the paraspinal collec-
tions in the setting of infective spondylodiscitis.

MRI of the spine is more useful for the evaluation of the spinal cord and the
vertebral canal, and differentiating the compartment in which the infection resides
(for example paravertebral, epidural, or intramedullary). The typical sequences per-
formed include T1 and T2, usually performed in the sagittal planes with axial slices



Radiology of Tuberculosis 203

acquired through areas of pathology, and short tau inversion recovery (STIR) which
is a sequence that suppresses fat signal. The advantage of this is that in suppressing
the fat signal in bone marrow, it can identify oedema within the bone with much
greater sensitivity. This is key in the detection of osteomyelitis, among other pathol-
ogies. Post contrast imaging can also be performed with or without fat saturation. In
the setting of potential TB infection, it is often important to image the whole spine
rather than just the area of pain/deformity, because of the predilection for multilevel
involvement which may not be contiguous [87].

Spinal Pathology

The main compartments to consider in the spine are the vertebral column, infection
of which leads to spondylitis, discitis or osteomyelitis; the vertebral canal, which
incorporates disease outside the dura (epidural) and within the dura (subdural/intra-
dural); and finally, the spinal cord itself.

Vertebral Column: The three terms used above refer to slightly different enti-
ties—spondylitis refers to inflammation of the vertebral body, discitis to the inflam-
mation of the disc, and osteomyelitis to inflammation of the bone more generally,
and there is some overlap in how these terms are applied in practice.

Spondylodiscitis is non-specific in imaging appearance and can be due to a num-
ber of infective organisms, of which TB is one. A general imaging appearance of
spondylodiscitis is of T2 hyperintense signal within the disc space, associated with
adjacent oedema in the surrounding vertebral bodies and contrast enhancement
around the disc and within the bone.

In comparison with pyogenic infection, TB is more often associated with the
thoracolumbar junction region, large paraspinal and psoas collections (Fig. 34), and
subligamentous spread to multiple vertebral levels which may not be adjacent [88,
89]. The paraspinal collections may be large at presentation, in a surprisingly well
patient, and may be visible as a paravertebral mass on X-ray, a peripherally enhanc-
ing low density collection on CT (which may contain calcifications), and a loculated
T2 hyperintense, T1 hypo-or hyperintense collection with thin peripheral enhance-
ment on MRI (Fig. 35). However, the collections can also be more solid-appearing
[90]. TB infection is more likely than pyogenic infection to spare the intervertebral
disc until later in the disease (as in Fig. 35), but the appearance of the disc can be
variable and is not in itself pathognomonic [90]. Over time, there tends to be ante-
rior vertebral destruction, with relative sparing of the posterior elements, which can
lead to significant deformity. The differential diagnosis includes other granuloma-
tous infections such as fungal infection and brucellosis, and malignant causes such
as lymphoma should also be borne in mind [87].

Vertebral Canal: Often when there are paraspinal collections these can be con-
tiguous with epidural collections (as in Fig. 34), and the vertebral canal should be
carefully scrutinised for these in the axial and sagittal planes. These have similar
imaging appearances to the more common pyogenic epidural abscesses and are
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Fig. 34 Spondylodiscitis. Sagittal T1 (a), T1 post contrast (b), T2 (c), and axial T1 post contrast
(d) images demonstrate destruction of a lower thoracic vertebral body (open arrow, a) with a large,
peripherally enhancing collection extending into the anterior paravertebral soft tissues (solid
arrow, b and d) and with a large epidural component (open arrow, b and d)

usually seen as a convex, T2 hyperintense, peripherally enhancing collection within
the canal which displaces the thecal sac and may indent or compress the spinal cord
[87]. Care must be taken as these can be non-liquefied (phlegmon) and therefore
may be difficult to drain.

The spectrum of disease within the spinal canal, involving the leptomeninges and
nerve roots, is known as tuberculous radiculomyelitis and is usually associated with
intracranial disease. On CT this can be difficult to delineate although nonspecific
intracanalicular soft tissue may be visible. On MRI, there may be loss of outline of
the spinal cord with septated intradural peripherally enhancing collections, and
thick, nodular enhancement along the meninges and nerve roots [91] (Fig. 36).
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Fig. 35 Spondylitis. Chest X-ray (a) demonstrates a large left pleural effusion (meniscus indi-
cated by open arrow) and a fusiform paravertebral mass (closed arrow). This is confirmed to be a
large paravertebral abscess on CT (open arrow, b). Sagittal STIR MRI (¢) demonstrates oedema
within the lower thoracic vertebrae (open arrow) and subligamentous spread of infection with
preservation of the intervertebral discs

There may also be arachnoiditis of the cauda equina, with clumping and enhance-
ment of the cauda equina nerve roots (Fig. 37), although on its own this may be less
specific and other (predominantly neoplastic) causes should be considered. Potential
complications include spinal cord infarcts and development of syringomyelia.

Spinal Cord: Involvement of the cord parenchyma is similar to that seen in the
intracranial compartment; there may be tuberculomas, intramedullary abscess, or
myelitis. This is the rarest manifestation of spinal tuberculosis, and it is important
to note that signal abnormality within the cord in the setting of spinal TB has a
number of non-infective causes; it may be secondary to compression by abscess
or vertebral deformity, relate to arterial or venous ischaemia and potentially para-
infective/post-inflammatory demyelination in the form of transverse myelitis
[90, 92].

Tuberculomas again typically demonstrate internal hypointense T2 signal and
peripheral enhancement on MRI, or simply small ring-enhancing lesions [90]
(Fig. 38). An abscess may demonstrate internal diffusion restriction or centrally
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Fig. 36 Patient with military TB and intradural disease. Coronal T1 post gadolinium MRI (a)
demonstrates multiple foci of enhancement compatible with miilary disease. Sagittal fat-saturated
T1 post contrast spinal MRI demonstrates leptomeningeal enhancement (solid arrow, b) and a
peripherally enhancing dorsal subdural collection (solid arrow, ¢)

hyperintense T2 signal and peripheral enhancement. Myelitis demonstrates nonspe-
cific T2 signal abnormality, usually involving more than one spinal segment [92].

Head & Neck Tuberculosis Infection

10-35% of extrapulmonary TB infection involves the head and neck [93]. The vast
majority of these presentations are within the cervical lymph nodes, but other sites
such as the salivary glands, larynx, orbits, temporal bones and pharynx may also be
involved [94]. Frequently the imaging appearances are nonspecific and similar to
other granulomatous disease, but the possibility of TB should be kept in mind, par-
ticularly if there is concurrent pulmonary TB. The most common manifestation is a
cervical lymphadenitis, and the presentation is often with an enlarging neck lump in
an otherwise well patient. The typical progression of imaging features, seen on
ultrasound, CT or MRI, is of multiple homogeneously enlarged and (on cross sec-
tional imaging) enhancing lymph nodes, typically along the internal jugular chains
and in the posterior triangle. This progresses to central nodal necrosis, with central
fluid seen on all modalities. These can develop to large trans-spatial, peripherally
enhancing abscesses, often at the lower level of the internal jugular chains (Fig. 11).
In the longer term, the nodes become fibrotic and calcified [95]. Ultrasound is often
the most useful investigation in this setting as the lesions can be sampled by fine
needle aspiration or core biopsy, but cross-sectional imaging can help delineate
extent of disease.
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Fig. 37 Intradural disease and arachnoiditis. Sagittal T2 (a, ¢) and T1 post contrast (b, d) MRI
demonstrate intradural enhancing material and lower down focal nodularity and clumping of the
cauda equina nerve roots compatible with arachnoiditis

CNS Tuberculosis in Immunodeficiency

The immune status of patients is very important when interpreting neuroimaging,
particularly when tuberculosis infection is suspected because the list of potential
differential diagnoses grows significantly. However, the imaging features of CNS
TB infection in immunodeficient and immunocompetent patients are generally sim-
ilar—although abscesses are said to occur more frequently in immunocompromised
patients—and a third category, patients with immune reconstitution, also demon-
strate a similar spectrum of imaging characteristics [96].

Immune reconstitution inflammatory syndrome (IRIS) is an exaggerated immune
response to a pre-existing pathogen following administration of antiretroviral ther-
apy for HIV. This is rare in the setting of CNS TB, but can present as rapid progres-
sion of pre-existing disease, with an increase in size of lesions and increased
perilesional oedema, and it is important to recognise this to allow correct treatment
to be instituted [97]. There is also a risk of unmasking or reactivating latent TB
when starting immunosuppressive therapies, such as monoclonal antibodies.
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Fig. 38 Intramedullary disease. Sagittal T2 (a) and T1 post contrast (b) and axial T1 post contrast
(c) images demonstrate in addition to spondylodiscitis with retrolisthesis and a prevertebral collec-
tion that there is extensive intramedullary cord signal change (open arrow, a) and focal enhance-
ment within the cord (open arrow, b) which demonstrates a ring morphology on axial imaging
(open arrow, ¢)
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Role of F18 -fluorodeoxyglucose (F18-FDG) PET-CT
in Tuberculosis (Table 6)

PET-CT is a technique that utilizes an array of radioactive positron emitting tracers,
to trace and map metabolic and functional pathways in various organ systems. A
three-dimensional functional map of the tracer distribution (PET) is fused with ana-
tomical imaging derived from CT scans to give a powerful combination of meta-
bolic and structural imaging information. The most widely used tracer,
F18-fluorodeoxyglucose (F18-FDG) is a glucose analogue, that maps out glucose
metabolism in tissues. Cancer cells are inherently hungry for glucose, by virtue of
their rapid metabolic turnover. This makes FDG a an extremely useful cancer bio-
marker in staging and evaluating response to treatment.

Borrowing from this oncological paradigm and principle, the use of FDG PET
CT in tuberculosis capitalizes on the glucose hunger of activated inflammatory cells
notably macrophages and lymphocytes, involved in in the granulomatous process.
The FDG uptake is therefore not specific for TB, and both malignant and non-
tubercular inflammatory/infective pathologies can be FDG-avid, (Figs. 39, 40, 41,
and 42). Used in the correct clinical context, FDG PET CT is however a sensitive
and powerful biomarker.

PET-CT is not routine standard of care in tuberculosis, but it is used as a problem-
solving tool on a case-by-case basis. The authors clinical experience and several
observational series support the value of PET in characterising extra-pulmonary TB
with greater sensitivity, as well as detecting multi-organ involvement, that may not
always be otherwise apparent [98—100]. Often this may translate to selecting the
most appropriate site to sample (Figs. 26, and 42). FDG PET CT is potentially use-
ful in assessing response to therapy, especially when structural changes persist on
CT and active disease cannot be discriminated from scar tissue [42, 101, 102]. A
specific emerging application in this context is the use of FDG PET CT in multi-
drug-resistant TB to prognosticate response at early time points and define status at
end of treatment [42, 101, 102]. Demonstrable reduction in activity at early follow
up and tracer quiescence at the end of treatment, is considered prognostically
favourable (Figs. 10 and 43). FDG PET is also potentially useful in complementing

Table 6 Key points—FDG PET CT in TB

F18 FDG PET CT in Tuberculosis

— Not standard of care for routine evaluation. Used on a case-by-case basis for
troubleshooting

— FDG activity is not specific for TB; findings interpreted in clinical context, correlating with
structural CT morphology

— Known to uncover more extra-thoracic sites of infection than conventional imaging

— Helpful to select sites for tissue sampling, based on degree of metabolic activity

— Useful as a non-invasive biomarker, notably in multi-drug resistant TB. Complementary to
MRI in evaluation of treatment response in bone and spinal TB
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Fig. 39 All diskitis is not TB: 42y M with previous history of treated TB, with right foot cellulitis
treated with antibiotics, but persistent fever, normal CT chest & abdomen. A FDG PET CT shows
right mid-foot diffuse bone and soft tissue tracer uptake and L3/4 lumbar disko-vertebral activity
with left sided para-vertebral activity in the left psoas muscle. CT abnormalities at L.3/4 end plate
are subtle. Tubercular diskitis was suspected on account of the previous history. CT guided L3/4
aspiration grew staphylococcus aureus with no mycobacterial growth and complete resolution fol-
lowing a prolonged course of antibiotics. TB diskitis and pyogenic diskits can have similar fea-
tures, so tissue diagnosis is vital
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Fig. 40 TB-the great mimic. 74 year old male smoker. PET imaging demonstrates left upper lobe
FDG positive mass-like consolidation (red arrow) with a satellite lesion (blue arrow), suspicious
for a bronchogenic primary tumour. Biopsy confirmed caseating granulomas with culture positive
TB and no evidence for malignancy. (Image courtesy Dr Tara Barwick, Consultant Radiologist,
Imperial College Healthcare NHS Trust UK)

MRI in the follow-up of difficult cases of skeletal TB, especially at the treatment
end-point [100]. The fundamental principle in these applications of FDG PET CT is
to reliably differentiate active from inactive disease, a distinction not always possi-
ble on conventional imaging.

Of note, tubercular disease can also be elusive on FDG PET CT, if normal bio-
logical activity of FDG obscures pathology. This especially pertains to intracranial
disease that can be potentially obscured by normal brain parenchymal FDG meta-
bolic activity and renal and urinary bladder disease, potentially masked by physio-
logical excretion of FDG tracer. All things considered, given that FDG PET CT is a
relatively expensive test, mainly available at larger centres and also entails signifi-
cant radiation exposure, it is not part of standard routine pathways. It is most useful
on a case-by-case basis, applied judiciously to problem solve diagnostically ambig-
uous cases when conventional imaging does not provide an answer.
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Fig. 41 Many faces of TB: 64 year old with axillary lymphadenopathy—The differential includes
lymphoma and other neoplastic aetiologies. Biopsy demonstrated caseating granulomas with cul-
ture positivity confirming the diagnosis of TB lymphadenitis. (Image courtesy Dr Tara Barwick
Consultant Radiologist, Imperial College Healthcare NHS Trust UK)
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Fig.42 FDG PET CT performed to look for potential systemic causes in a case of bilateral uveitis.
This demonstrated FDG-avid intra-thoracic right paratracheal, aorto-pulmonary window and right
supraclavicular lymph nodes (borderline by CT size criteria, red arrows). Endobronchial ultra-
sound guided fine needle aspiration of the right paratracheal nodes (white arrows) showed non-
caseating granulomas. TB PCR negative, positive quantiferon test. On this basis anti-tubercular
therapy was started, resulting in improvement of the eye symptoms
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-

-

Fig. 43 FDG PET CT to assess response to treatment in a case of multi-drug resistant (MDR) TB:
MDR TB on sputum culture with confluent nodularity in the left upper lobe and tree in bud nodu-
larity in both upper lobes. CT at 4 months (upper left image) and 18 months (lower left image)
post-treatment show progressive response on CT. The residual left upper lobe changes on CT are
FDG negative on PET CT at 18 months, suggesting a complete metabolic response. (Image cour-
tesy Dr Tara Barwick, Consultant Radiologist, Imperial College NHS Healthcare Trust UK)
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Giovanni Satta

Introduction

Tuberculosis (TB) is an infectious disease caused by bacteria of the Mycobacterium
tuberculosis complex. M. tuberculosis is the most common human pathogen but
other members of the complex such as M. bovis (including the vaccine strain
Bacillus Calmette-Guérin), M. africanum, M. canettii and M. caprae are able to
cause the disease in humans. The two other species currently in the complex,
M. microti and M. pinnipedii are generally associated with other mammalian hosts,
but some case reports have been described in immunocompromised patients [1].
Nontuberculous mycobacteria (NTM) are all other mycobacterial species other than
the M. tuberculosis complex. With increasing numbers of immunocompromised
patients (including those with HIV infection and hematological disorders), as well
as patients with cystic fibrosis and chronic lung disorders, the role of NTM as a
cause of human, and in particular pulmonary, disease has become apparent, with
recent reports indicating a worldwide increase [2, 3]. This chapter will mostly focus
on the diagnosis of TB, but the laboratory methods described will be sufficient to
also identify the majority of NTMs causing human disease. International standards
regarding the diagnosis of TB have been published by the World Health Organization
(WHO) as well as by authoritative American and British guidance bodies [4-6].
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Specimen Collection

TB generally affects the lungs (pulmonary TB), but every organ can be infected, in
particular the central nervous system, lymphatic system, gut, kidneys, spleen and
bones (Fig. 1) and this will influence the type of specimen that can be processed in
the laboratory. In terms of pulmonary TB, three separate sputum samples have been
traditionally considered the gold standard, although the WHO has reduced its global
recommendation from three to at least two serial samples [4]. This is to reduce the
time to diagnosis, accelerate the initiation of treatment and to decrease the workload
where laboratory resources are limited. Ideally, those samples should be taken
before or within 7 days of starting treatment. Alternatively, gastric lavage, induction
of sputum or bronchoscopy lavage fluid are a valid substitute where a sputum sam-
ple is not available. The diagnosis of extra pulmonary disease can be challenging.
Any other sterile fluid (i.e. cerebrospinal or ascitic fluids, urine), tissue and biopsy
samples (i.e. bone, lymph node) can be sent to the laboratory for processing in a
sterile container. Of note, swabs are not suitable for TB microscopy or culture as
well as stool samples. Biopsy tissue taken endoscopically should be sent to the labo-
ratory for the diagnosis of gastrointestinal TB. In general, all tissue samples should
normally be sent for both microbiological and histological investigations, bearing in
mind that samples for culture should not be fixed. Considering the current limited
sensitivity of culture in cases of paucibacillary disease, histological examination
can often reveal the presence of necrotizing granulomas and help to achieve a diag-
nosis of tuberculosis in these challenging cases.

Fig. 1 Gross pathology of
miliary and
extrapulmonary
tuberculosis: (a) miliary
pulmonary disease, (b)
renal disease, (¢)
tuberculous enteritis
(courtesy of Dr. Tu Vinh
Luong, Consultant
Histopathologist,
Department of Cellular
Pathology, Royal Free
London NHS Foundation c
Trust)
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Microscopy

M. tuberculosis is a small (2—4 pm in length and 0.2-0.5 pm in width), aerobic, non-
motile, non-spore forming bacillus. Its cell wall has a high content of high molecu-
lar weight lipids, making the cell surface hydrophobic and resistant to many
disinfectants and common laboratory stains [7]. If a Gram stain is performed,
M. tuberculosis does not retain any dye or will stain as weakly Gram-positive due to
the rich lipid cell wall [8]. The distinctive feature of M. tuberculosis is the structure
of its cell wall, composed of a thick peptidoglycan layer, with no outer membrane
but a complex structure of carbohydrates and lipids (60% of the cell wall weight),
made from arabinogalactan (D-arabinose and D-galactose), mycolic acids (long
chain fatty acids) and free lipids (Fig. 2). Anchored in the plasma membrane are
porins, transport proteins and lipoarabinomannan (LAM) which is functionally
related to the O-antigenic lipopolysaccharides present in other bacteria. This par-
ticular structure confers upon mycobacteria resistance to acidic/alkaline substances,
detergents, common antibacterials, osmotic lysis and radicals. The same structure is
responsible for the unique characteristic of acid-fastness, that is the basis of the
commonly used Ziehl-Neelsen (ZN) stain [9]. The term acid-fast bacilli is clinically
synonymous with mycobacteria, although some other organisms (such as Nocardia
and some Corynebacteria) can be acid-fast. In the ZN stain, a fixed smear is covered
with carbol-fuchsin, heated, decolorized with alcohol and counterstained with
methylene blue or malachite green. Mycobacteria cannot be decolorized with this
acid solution and will retain the pink color of the fuchsin, contrasting with the blue

lipoarabinomannan
(LAM)

mycolic acids
arabinogalactan
eptidoglycans
\_ peptaogly
plasma
membrane
protein[

Fig. 2 Graphical representation of the mycobacterial cell wall, with a complex structure of pepti-
doglycans, arabinogalactan and mycolic acids (created by Dr. Giovanni Satta, PhD thesis,
University College London)
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background. Among the Mycobacterium species, M. tuberculosis is strongly acid
fast and the bacilli will retain the carbol-fuchsin (Fig. 3). In contrast, M. leprae is
only weakly acid fast and a decolorizing solution with a reduced content of alcohol
and a different decolorizing time are often used for M. leprae smears on skin
biopsies.

The Auramine-Rhodamine fluorochrome technique (with auramine and potas-
sium permanganate as the counterstain) is an alternative to ZN staining and it is up
to ten-fold more sensitive (albeit less specific) compared to ZN [10]. Most modern
laboratories use the auramine stain as a screening method, followed by ZN for con-
firmation. However, it does require a fluorescence microscope and this may be a
limiting factor in resource poor settings. It has been calculated that at least
5000-10,000 bacilli per mL are needed for detection of bacteria in stained smears,
in contrast to 10-100 organisms needed for a positive culture [11].

Sputum specimens contaminated with normal respiratory flora require a decon-
tamination step before culture to reduce the likelihood of overgrowth by organisms
other than mycobacteria. Different decontamination methods have been described
but there is no current gold standard [1]. Tissue samples do not usually require any
decontamination step and it is generally suggested to also send them for histological
examination. Necrotizing granuloma with caseation and giant cells are typical fea-
tures observed in histological samples. Microscopy should always be performed
before the decontamination of samples. It is also recommended that all respiratory
samples should be processed in a microbiological safety cabinet in Containment
Level 2 conditions with additional precautions to minimize risk of aerosols produc-
tion and cross contamination of samples. However, considering the high risk of
M. tuberculosis causing laboratory-acquired infections, full Containment Level 3
conditions should be used, although this may not always be available in some devel-
oping countries.

Fig. 3 Example of
Ziehl-Neelsen (ZN) stain
of M. tuberculosis. The
bacilli retain the carbol-
fuchsin on a background of
malachite green (Courtesy
of the Microbiology
laboratory at North West
London Pathology)
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Culture and Susceptibility Methods

M. tuberculosis grows slowly with an average generation time of 15-20 h. This is an
extremely slow rate compared with other bacteria, which usually divide in less than
an hour, and visible growth can take up to 6 weeks on solid media (compared to
12-24 h for other common human pathogens) [7]. The doubling time can go up to
33 h inside human macrophages [12]. This is probably due to the fact that M. tuber-
culosis has only one mechanism to translate mRNA into proteins because of the
lack of the rrn-B operon. All slowly growing mycobacteria are thought to have
either one or two rRNA operons per genome [13].

Culture methods for Mycobacteria use either solid or liquid media. Solid media
can be divided into two main types: agar-based (e.g. Middlebrook 7H10) and egg-
based (e.g. Lowenstein-Jensen). Liquid media include various agar-based media
(e.g. Middlebrook 7H10) and the automated Mycobacteria Growth Indicator Tube
(MGIT) system, containing 7H9 broth base and enrichment. The BACTEC MGIT
960 system is produced by Becton Dickinson (New Jersey, USA). The instrument
scans the MGIT every 60 min for increased fluorescence. Analysis of the fluores-
cence is used to determine if viable organisms are growing and a positive tube con-
tains approximately 10°-10° colony-forming units per milliliter (CFU/mL). Culture
tubes which remain negative for a minimum of 42 days (up to 56 days) and which
show no visible signs of positivity are removed from the instrument as negatives and
discarded [14]. Growth in liquid media is faster (average 1-3 weeks) compared to
growth on solid media (3-8 weeks) [15]. However, reliance should not be placed on
these systems alone for the isolation of all mycobacterial species, particularly when
investigating patients who are immunocompromised [16]. The main limitations are
their single incubation temperature and the difficulty of providing the growth addi-
tives necessary for other fastidious mycobacterial species. When cultured on solid
Lowenstein-Jensen media, M. tuberculosis colonies have a characteristic appear-
ance, non-pigmented/yellowish and granular (Fig. 4).

Once culture positive (either on solid or automated media), most laboratories
refer their isolates for identification and susceptibility testing to the reference labo-
ratories. This is because drug susceptibility testing for antituberculous drugs is a
complex procedure and requires an understanding of many issues, including drug
resistance mechanisms, potency and stability of drugs during laboratory manipula-
tion and the antimycobacterial activity of compounds when incorporated into differ-
ent media [17]. The current methods have been developed over several decades and
are restricted to specialised reference laboratories, as they are technically demand-
ing, require appropriate isolation facilities and can be difficult to interpret. Three
main methods are currently in use and recommended by international guide-
lines [18]:
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Fig. 4 Growth of M. tuberculosis on Lowenstein-Jensen. The colonies appear as non-pigmented/
yellowish and granular. The green color of the medium is due to the presence of malachite green
which is one of the selective agents to prevent the growth of gram negative and positive bacteria

1. Absolute concentration, where the drug is incorporated into solid agar using dif-
ferent dilutions (including Lowenstein—Jensen medium) or in a broth dilution
method. Resistance is defined as the lowest concentration of the drug that inhib-
its growth (<20 colonies) [18]. Variation is generally due to erroneous drug con-
centration or inoculum size [19].

2. Resistance ratio, where the minimum inhibitory concentration (MIC) for a given
isolate is divided by the MIC for a standard susceptible strain (e.g., H37Rv). If
the ratio is <2 or >8, the isolate is fully susceptible or highly resistant respec-
tively. Inoculum size still needs to be standardized to obtain reproducible
results [18].

3. Proportion method, where a strain is considered susceptible if it contains a pro-
portion of resistant cells below a defined point. The proportion varies with differ-
ent drugs (e.g., 1% for isoniazid and rifampicin). The introduction of the MGIT
BACTEC systems (460 and 960) has allowed semi-automation of this method
and lessens concerns regarding the initial inoculum size [20, 21].

Other methods have been developed, mostly colorimetric methods that use redox
indicators or nitrate reduction [22, 23]. In particular, the resazurin assay (based on
the Alamar Blue fluorescent dye) has been proposed as a simple and inexpensive
method for detection of drug resistance in M. tuberculosis [24, 25].

Molecular Diagnostics and Whole Genome Sequencing

Considering it generally takes weeks before culture and susceptibilities results may
become available, molecular and other point of care assays for rapid identification
and detection of drug resistance have been developed. They offer several potential
advantages, including lower turnaround times and minimal (or possibly no) initial
culture period. The mutations associated with resistance are now well-known for
some drugs, and potentially any laboratory could design its own in-house PCR
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Table 1 Comparison of molecular assays for detection of MTB and drug-resistance, including

next generation sequencing

Approval
Product status Technology Advantages Disadvantages
Xpert® WHO Real-time PCR | Rapid results in less than | Cost (including
MTB/RIF 2h capital investment
and Ultra Requires minimal expertise | and maintenance)
Current version only
detects rifampicin
resistance
Hain’s LPA | WHO Multiplex Can detect both rifampicin | Cost (including
PCR + reverse and isoniazid resistance additional
hybridization Additional version can also | machinery required)
detect fluoroquinolones Multiple steps and
and second line injectable | complexity of
drugs resistance training required
Results take at least
5h
TB-LAMP | WHO Loop-mediated | Rapid results in less than | Does not screen for
isothermal 1h any markers of drug
amplification Requires minimal expertise | resistance
Cost effective Requires several
manual steps
In-house Not Real-time PCR Generally reduced cost and | Not approved by
PCR approved rapid results WHO
Required local
pathology
accreditation
May not screen for
any markers of drug
resistance
Whole Not Next generation | Oxford Nanopore MinION | Very high cost
genome approved | sequencing as point of care technology | Bioinformatic
sequencing Possibility of detecting support needed

resistance to first- and
second-line drugs
Identification of MTB and
NTMs

Epidemiological links and
investigations

Culture isolates still
required for the
majority of samples
Limited sensitivity if
performed directly
from clinical
samples

(polymerase chain reaction). In particular, two molecular assays have clinical value:
the Xpert® MTB/RIF assay (Cepheid, Sunnyvale, USA) and the Line probe assay
(LPA) (Hain Lifescience, Nehren, Germany) [26, 27]. The Xpert® assay is an auto-
mated real time-based system with various advantages, including point of care test-
ing, a closed tube system, ease of performance and result availability within hours.
It is endorsed by WHO, but its high cost is a disadvantage. A newer version, Xpert®
Ultra, is also WHO recommended, and initial data have demonstrated higher sensi-
tivity and lower specificity for TB detection and similar sensitivity and specificity
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for rifampicin resistance detection, compared to the older MTB/RIF assay [28]. The
LPA technology is suitable for reference laboratories, or laboratories where there is
proven capacity to conduct molecular testing, as it requires appropriate laboratory
equipment and adequately trained laboratory staff [29]. Other point-of-care diag-
nostics which the WHO has also endorsed are the loop-mediated isothermal ampli-
fication (TB-LAMP) and the lateral flow lipoarabinomannan (LAM) assay. All
point-of-care diagnostic tests have their strengths as well as limitations, but the aim
is to have rapid diagnostic tests which are affordable at decentralised settings with
minimal expertise required [30] (Table 1).

Finally, since 2017 England has become the first country globally to introduce
and pioneer the use of whole genome sequencing (WGS) on a national scale for the
diagnosis, detection of drug resistance and typing of M. tuberculosis [31]. WGS has
the potential to revolutionize M. tuberculosis susceptibility testing and to provide
comprehensive identification of bacterial transmission pathways in hospital and
community settings [32]. However, the infrastructure and expertise required may be
a limiting factor for its future implementation in other countries, in particular in the
developing world.
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Whole Genome Sequencing: Applications
and Cluster Investigations

Check for
updates

Pretin N. Davda, Hanna Kaur, and E. Grace Smith

Introduction

Whole genome sequencing (WGS) has accelerated the diagnostic workflow for

Mycobacterium tuberculosis complex (MTBc), improving patient care and stream-

lining the public health response to new cases of Mycobacterium tuberculosis (TB).
TB WGS provides three key results:

1. Identification of MTBc strains
2. Predicting drug susceptibility of MTBc strains
3. Identifying genetically similar MTBc isolates

In England, these results are available from the reference laboratory within 7
working days of receipt of a positive mycobacterial culture [1].

The full impact of WGS is yet to be determined, as it is still in its infancy outside
of the research environment, with England being the first country to implement
WGS as routine clinical diagnostics in 2017.

We will discuss the applications of each of these results, focussing on TB strains,
and its impact on incident and outbreak investigations from both a health protection
team and TB nurse perspective.
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Identification of TB Strains and Predicting
Drug Susceptibility

Background

Identification of TB strains from a positive mycobacterial culture is available
quickly, however phenotypic drug susceptibility testing (DST) is slow, taking weeks
after TB is identified (Public Health England, 2017). This delay is likely to contrib-
ute to the spread of drug resistant TB, as there is a period of uncertainty about which
are the best drugs to prescribe.

Commercial genotypic assays are able to identify drug-resistant TB early; how-
ever these assays only screen a few drugs for the common resistance-conferring
mutations whilst WGS screens for all the known resistance-conferring mutation in
all first and second line drugs [2].

The Advancement with WGS

Predictions on drug susceptibility are reported at the same time as TB strains are
identified by WGS, within 7 working days of a positive culture. This means that
drug-resistant strains of TB are identified much earlier than with conventional DST
methods.

The availability of these drug susceptibility predictions empower clinicians to
treat their patients early with a robust, organism-targeted regimen. This reduces the
patients’ exposure to inadequate, ineffective and toxic medications, which other-
wise may have provided sufficient drug-pressure to induce further drug resistance.
Additionally, it will mean patients are isolated appropriately and likely reduce the
transmission of drug-resistant TB [3].

These results are generated by a bioinformatics pipeline, which is a software
workflow that examines the sequenced genome for the presence of any mutations
and analyses them against a mutation catalogue of @/l known mutations, which then
provides a drug prediction.

Currently, sensitivity and specificity of WGS to detect resistant-conferring muta-
tion in the first line drugs is >91% and 93.5% respectively. The percentage that a
susceptible prediction is correct (Negative predictive value) is 99.7%, and the posi-
tive predictive value of a resistant prediction is 87.6% [4].

An international study (CRyPTIC) - Comprehensive Resistance Prediction for
Tuberculosis: an International Consortium) is working to strengthen the mutation
catalogue and precisely quantify the degree of drug resistance by providing mini-
mum inhibitory concentrations (MIC) for individual genetic mutations [5].

Performing WGS for TB directly on sputum is currently in the research phase
[6], which is an exciting concept because if it is successful it will further reduce
treatment delays and transmission of TB among contacts and may contribute greatly
to WHO’s target to end the TB epidemic by 2030 [7].
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Identifying Genetically Similar Isolates

In addition to organism identification and drug susceptibly predictions, the bioinfor-
matics pipeline can compare the genetic makeup (fingerprint) of one TB isolate with
another and analyse how closely related they are genetically. This is referred to as
relatedness and can be applied in several different ways to benefit the patient, public
health interventions and laboratories. These include:

1. Patient benefits

(a) Providing treatment plans for multidrug-resistant (MDR) or extensively
drug resistant (XDR) TB cases

(b) Providing treatment plans for suspected cases of TB who are linked to
known cases of TB

2. Public Health Benefits

(a) Rapidly identify clusters and outbreaks of TB at a greater precision than
previous methods

(b) Focussed patient interviews based on relatedness to rapidly identify trans-
mission networks within clusters to direct contact tracing efforts

(c) Predict the existence of undiagnosed cases, allowing the health protection
teams to actively search for cases

(d) Increase information on transmission of TB

(e) Understand the natural evolution of TB

3. Laboratory benefits

(a) Early identification of false-positive results from laboratory cross-
contamination which may highlight problems with laboratory workflows

Background

The TB genome is made up of 4.4 million base pairs from the nucleotides Adenosine
(A), Thiamine (T), Guanine (G), Cytosine (C). If one nucleotide is substituted or
mutates to another nucleotide (e.g. A substituted by T), then this is known as a sin-
gle nucleotide polymorphism (SNP).

The natural evolution of TB can be studied by WGS genotyping and has shown
that TB is a slow mutating organism when compared to other bacteria, as it mutates
at a rate of approximately 1 SNP every 2 years [8].

Patients with TB isolates that are genetically different by more than 12 SNPs can
be confidently excluded from having epidemiological links. TB isolates that are dif-
ferent by <12 SNPs can suggest a common epidemiological source and isolates that
are <5 SNPs apart are more likely to have case-to-case transmission if epidemio-
logical links are established.
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Therefore, TB isolates that differ by <12 SNPs are said to belong to the same
cluster and this information can be visualised on a phylogenetic tree (Fig. 1) and is
passed onto health protection teams (HPTs) to investigate for epidemiological links
and identify outbreaks of TB. Direction of transmission can be deduced from these
trees because backward mutations are rare [8].

Typing Before WGS

Prior to WGS, clusters and outbreaks were detected by MIRU-VNTR genetic typing
(mycobacterial interspersed repetitive—unit—variable—number tandem repeat).
This technique would amplify repeat sequences of 50—100 base pairs at 24 specific
locations on the genome. The number of repeated sequences detected at each locus
is calculated and these numbers forms the genetic typing of the TB isolate. Isolates
with the same MIRU-VNTR results would be grouped into clusters.

MIRU-VNTR genotyping results would be available 21 days after the initial
identification of TB and then made available to HPTs for local cluster investigation
[9]. Local and regional HPTs would review clusters periodically to decide if further

Fig. 1 An example of how Patient C
WGS relatedness can be
visualised as a

phylogenetic tree

Patient A
Patient B

"In Fig 1, each circle/node represents a TB isolate and the size of the circle directly represents the
number of TB isolates that are genetically identical (O SNP difference). The larger the circle, the
more isolates that are identical.

The line/branch represents genetic linkage and the number on each branch identifies the num-
ber of SNP differences between two isolates.

Patient A is likely to have transmitted to both Patient B and C both of who are 1 SNP away from
Patient A, and 2 SNPs away from each other. Because backward mutations are rare, it is unlikely
that Patient B would have transmitted to Patient C because the mutational steps would require a
backward step from B to A and then a forward step to C.



Whole Genome Sequencing: Applications and Cluster Investigations 235

investigations are required [10]. This could mean that HPTs would be investigating
epidemiological links between patients well after they have been established on
treatment or even completed treatment, often a time when patients no longer wish to
engage or are unable to recall their contacts from over 6 months ago.

Comparative analysis of WGS to MIRU-VNTR has shown that WGS typing pro-
vides better resolution and precision of relatedness compared to MIRU-VNTR,
which has shown to create false clusters [11-14]. MIRU-VNTR results would clus-
ter 50% of new TB isolates, whilst the increased precision of WGS means that only
25% of new TB isolates are in true clusters (unpublished data).

Patient Benefits from WGS Relatedness

Clinicians treating patients diagnosed with TB, whose isolate is identified as part of
cluster, can request for the DST results of closely related/neighbouring isolates. It is
likely that both isolates will share a similar phenotypic drug susceptibility pattern if
the isolates are closely related and there are no additional mutations present in the
newest case [3].

This is particularly helpful when managing drug-resistant TB cases where WGS
identifies MDR or XDR TB, based on resistance to the majority of first- and second-
line agents. Performing DST on all first, second and third line drugs could take
months depending on the viability of the TB organism, so using the already known
DST results on neighbouring isolates to create a treatment plan is likely to be
successful.

A similar principle can be applied to managing any patient in whom there is a
clear epidemiological link with a patient known to have TB (index case). By know-
ing the drug susceptibility of the index case, a treatment plan can be established for
the secondary case. This is particularly helpful when treating children in whom
obtaining diagnostic samples is often challenging.

If specimens are obtained and undergo WGS, the transmission chain can be con-
firmed or refuted depending on whether the isolate from the secondary case is
within 12 SNPs of the index case.

Public Health Benefits from WGS Relatedness

The increased resolution and precision WGS relatedness has over MIRU-VNTR
typing has prevented unnecessary public health investigation and surveillance of
false clusters [8].

The additional benefits relate to whether a new cluster has been identified or
whether there have been new cases to established clusters.

The overall benefit to HPTs and TB Nurses is that WGS has been able to priori-
tise searches for transmission events in clusters where isolates are related by <5
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SNPs rather than broad based transmission event searches that may have occurred
through MIRU-VNTR typing.

New Clusters/Incidents

Patients diagnosed with TB are asked questions regarding their occupation and rec-
reational activities to identify risk factors for acquiring TB and establish who may
be close and social contacts. This occurs at the initial consultation with TB nurses.

When WGS identifies new clusters, and isolates are related by <5 SNPs, these
initial assessments are reviewed to ascertain if there are any obvious epidemiologi-
cal links.

Transmission events may be easily recognisable, for example all members of the
cluster are household or workplace contacts, however this is not always the case.

If there are gaps in information or no clear epidemiological links identified, then
further interviews are conducted.

Social networking questionnaires are a useful tool to gather epidemiological
information and help identify transmission settings that may have been missed
before. Figure 2 shows a sample questionnaire, adapted from the TB Case
Management Tool [15] more than one sheet may be required or up-to 1 week of logs
to identify contacts.

The questionnaire includes a log of daily activities and free space to log social
networks. Completion may require prompting and the support of a TB nurse expe-
rienced in interviewing patients, or someone who has a good rapport with the
patient.

This may not be suitable for all patients because of variations in daily activities
and routines, or because patients may feel that they need to give a binary response
[16] and in these situations individualised questions may be necessary.

Additionally, not all patients freely disclose their social contacts and these
patients who are reluctant or refuse to engage can be difficult and challenging for
TB services [8].

If analysis of these social networking questionnaires identifies a possible epide-
miological link, for example visits to the same healthcare facility or another congre-
gate setting, then further customised questions may need asking to confirm
transmission of TB in this setting.

If transmission is confirmed in a congregate or healthcare setting, then an inci-
dent may be declared, allowing HPTs and TB nurses to pool their resources and
co-ordinate screening exercises in these congregate settings.

Identifying latent TB infection in contacts can prevent them from developing
active TB disease later [15]. This targeting screening programme can also identify
cases of active TB and establish them on the correct treatment earlier than through
the conventional routes, which will further reduce the transmission of TB [8].

Sometimes, new clusters are made up of patients with isolates that differ by 2—12
SNPs and there may be a missing, undiagnosed patient who is the common source.
The bioinformatic analysis is often able to identify if this is the case based on the
requirement of a backward mutation to link the two clustered isolates (Fig. 3). In



Whole Genome Sequencing: Applications and Cluster Investigations 237

All questions refer to a three-month period preceding TB diagnosis or evaluation as a contact

indoors?

1. During the day time (6am to 5pm), where are three places you usually spend time with other people

Place: Location: (street address and city/town)

Main activity/purpose:

2. During the evening (5 to 10pm), where are three places you usually spend time with other people indoors?

Place: Location: (street address and city/town)

Main activity/purpose:

3. During the night (10pm to 6 am), where are three places you usually spend time with other people indoors?

Place: Location: (street address and city/town)

Main activity/purpose:

Time spent conducting this interview

Date 1: Time start: (circle) am/pm Time start: (circle) am/pm
Date 2: Time start: (circle) am/pm Time start: (circle) am/pm
Date 3: Time start (circle) am/pm Time start: (circle) am/pm
Activity codes:

1 =Eat 6 = Drink

2 = Sleep 7 = Share drugs

3 =Job 8 = Exercise

4 = School 9 = Unknown

5 = Socialise 10= Other (state)

Fig. 2 A sample of a Social Network Questionnaire, adapted from the Royal College of Nursing

TB Case Management Tool [15]

Fig. 3 Phylogenetic tree depicting a
missing isolate that would link Patient A
and Patient B. The two clustered isolates
would require a backward mutation for
transmission to have occurred. As this is
rare, the bioinformatic analysis
hypothesise that there is a missing isolate
(patient) who connects the two patients
together and may be the index case

Patient A

No isolate

Patient B
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these scenarios, active case finding may be implemented by HPTs and TB nurses if
there are similarities in patient demographics but no clear epidemiological links
(e.g. work in the same establishment but not on the same floor/department/site).

Established Clusters/Outbreaks

In established clusters, often the transmission setting is known (e.g. intravenous
drug use, TB within a school or prison, common congregate setting etc.).

If WGS identifies new cases to be related to established clusters, and these
patients have epidemiological links to the cluster, but were not identified as contacts
of prior cases, then this can suggest an outbreak of uncontrolled TB transmission
within the cluster. Public health teams will review the screening already taken place
and further screening exercises may be required to prevent the development of fur-
ther active cases.

HPTs may decide that these endemic cluster require close surveillance to ensure
that there is not a rapid expansion of new cases within the cluster. This may require
collaboration with TB nurses to confirm treatment compliance, GPs to identify vul-
nerable patient cohorts, drug and alcohol services if the patient cohort utilise these
services, police and local authorities if additional powers are required to isolate an
infectious patient to prevent ongoing risk and transmission to the public (Part 2A
order Health Protection Order in England).

Transmission and Evolution of TB

Transmission of TB continues to be poorly understood and international guidelines
regarding transmission from infectious cases are based on published reports of indi-
vidual cases and community outbreaks [17, 18].

The increased precision of WGS clusters in collaboration with epidemiological
investigations is likely to further enhance the understanding of TB transmission and
may pave way to further research into host and virulence factors that facilitate wide-
spread transmission from infectious cases (‘super-spreaders’) [19] or why transmis-
sion may occur between patients with minimal contact with index cases.

As cluster networks enlarge, we will see the natural genetic variation of TB
through SNP distances from the original case and this will further our understand-
ing of the natural evolution of TB.

Laboratory Errors

When two genetically identical isolates (O SNP difference) are identified within a
short time frame of each other, this raises the suspicion of a false-positive result,
which may have occurred by one specimen being contaminated with TB organisms
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from the second specimen, or through mis-labelling of specimens. Both errors can
occur at either the initial sending laboratory or the reference laboratory.

Early identification of false-positive results prevents patients from being subject
to unnecessary investigations and toxic medications.

Once a false-positive result is suspected, 