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Sonography has proven to be valuable diagnostic imaging equipment in the work-up of patients infected with acquired immune deficiency
syndrome (AIDS) and tuberculosis (TB) coinfection. An extensive literature search was conducted between 1994 and 2021 for original
peer-reviewed articles in the English language on ultrasound application in the diagnosis of extrapulmonary TB (EPTB), ultrasound
application in infectious diseases in resource-constrained settings, point-of-care ultrasound in resource-scarce settings among others,
across various electronic databases including MEDLINE, PubMed, POPLINE, Scopus and Google Scholar, among others and some gray
literature were also retrieved. Emerging themes were identified by their recurrence in literature. Ultrasound imaging is a rapid diagnostic
tool and can accurately identify and characterize pathologic findings in patients infected with HIV/AIDS and TB co-infection, such as
enlarged lymph nodes, pericarditis, and pleural effusion, among others for prompt patient management. Ultrasonography is cheaper
and portable; interfacing software has become more users friendly and image quality significantly improved, making it possible for
the provision of imaging services in an increasing number of clinical settings in resource-limited settings where access to diagnostic
imaging is scarce. The use of focused assessment with sonography for HIV (FASH) for prompt diagnosis of EPTB in regions with a
high incidence of HIV/AIDS and TB co-infection will aid in prompt diagnosis and treatment of patients with undifferentiated TB, thus
impacting on morbidity and mortality. The training and deployment of sonographers in endemic regions with a high prevalence of HIV/
AIDS and TB co-infection, to diagnose EPTB using FASH protocol is a viable option that is in line with the global drive for intensified
case finding and treatment algorithm, with a view to meeting the sustainable development goals target of ending HIV and TB epidemics
and achieving universal health coverage.
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INTRODUCTION

Tuberculosis (TB) is one of the top infectious killer diseases ,
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the world over. Developing countries account for more than
95% of TB deaths, with over a million children diagnosed
with TB and about 170,000 deaths resulting from TB among
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children, excluding children with HIV/acquired immune
deficiency syndrome (AIDS).ll Mycobacterium TB is the
causative agent for TB, it is curable and preventable.”! Hence,
many people though not ill are infected with TB, although
they may not transmit the disease yet. Infected persons have
a lifetime risk of 5%—10% becoming ill from TB. People who
are immunocompromised like persons infected with AIDS have
an increased risk of up to 18 times more being infected with
TB. Malnourished persons, diabetics, and tobacco smokers
are at higher risk of falling ill.”*

More than a million people died from TB infection in 2019
only, with over 200,000 persons living with HIV/AIDS. TB
infected more than 10 million persons the world over, with
almost a ratio of 2:1 among the male and female gender and
about 1.2 million children. The highest-burdened countries that
recorded over 87% of new cases of infection were countries
such as India, Indonesia and China, the Philippines, Pakistan,
Nigeria, Bangladesh, and South Africa accounting for up to
two-thirds of the total cases of TB infection. The decline in TB
infection globally is gradual but steady; the reported decline
between 2015 and 2019 was 9% which is far from the end TB
target of 20% reduction by 2020.%

PuLmoNARY TuBERCULOSIS AND EXTRAPULMONARY
TuBERcULOSIS

Pulmonary tuberculosis (PTB) is caused by the mycobacterium
TB complex and is mainly transmitted by droplet spray. When
an infected person coughs, sneezes, or speaks, and produces
droplets that could be suspended in the air for several hours,
which may get inhaled into the lungs.**

Extrapulmonary TB (EPTB) is blood-borne spread, or through
direct invasion from the nearby organs.?! The disease is subtle
with a minimal manifestation of symptoms that exacerbates
with time. Productive cough, hemoptysis, fatigue, emaciation,
restlessness, fever, and drenching night sweats. Nonspecific
early symptoms make the clinical diagnosis and differentials
of EPTB challenging. Several risk factors like HIV/AIDS, and
diabetes among others, make clinical suspicion higher in these
groups of patients. Every organ in the body can be infected
with TB making it an important disease entity. The increasing
prevalence of the risk factors has also resulted in an increased
case of EPTB.!!34

Approximately 15%—-20% of all TB cases reported in the
African region are EPTB cases.[*’! Extrapulmonary TB
could manifest as pericardial effusion, pleural effusion, and
abdominal TB among others. In high-burdened countries,
abdominal TB is the common site for active EPTB in
people living with HIV/AIDS!6! along with site other sites
such as the lungs, the pleural, peripheral, and intrathoracic
lymph nodes.”! The nonspecific nature of the presentation
of EPTB makes it difficult for clinical specimens for
bacteriological confirmation, thus making diagnosis difficult
and delayed, and disease may go undetected.'”’ Morbidity

and mortality from HIV/AIDS-EPTB co-infection are
highly significant,!!l efforts in achieving early and prompt
diagnosis in resource-scarce settings with high TB burden
is very essential in achieving the sustainable development
goals (SDG) 3.3 global target of ending the epidemics of
AIDS, TB, malaria, and other neglected diseases of the
tropics, combat hepatitis, water-borne diseases, and other
communicable diseases by 2030.5

IMAGING INVESTIGATION OF EXTRA-PULMONARY
TuBERCULOSIS

Radiology plays a vital role in the correct screening,
confirmation, and documentation of the course of diseases.
There is a considerable improvement in availability and access
to imaging services globally; however, this is not equal across
the globe.[') Radiologic tools such as computed tomography
and magnetic resonance imaging techniques help in better
characterization of HIV/AIDS-related EPTB, especially in the
abdomen; however, they are capital intensive, and not readily
available in a typically limited resource environment with high
incidence and burden of HIV/AIDS infections.!'* Despite the
technological advances in the field of medical imaging, it is
worthy of note that radiography (plain film) and sonography
are the imaging workhorse in limited-resource settings as they
both serve diagnostic and interventional roles, and also assist
in directing appropriate therapy.™

Radiography is a cornerstone diagnostic imaging tool for
the diagnosis and workup of pulmonary diseases; it is,
however, limited in scope, particularly in the evaluation of
intra-abdominal infections. Although plain film radiographs are
able to pick up numerous signs secondary to disease conditions,
including bowel obstruction, ileus, pneumoperitoneum (air
in the bowel wall), among others, assessing inflammatory
conditions is, however, difficult.’! The diagnosis of EPTB
is quite challenging because of the difficulty experienced
in obtaining materials, poor sensitivity of microscopy,
and limited availability of culture techniques, as a result,
diagnosis relies heavily only on clinical case definitions.!'*1¢]
Ultrasound imaging plays an all-important role in all groups of
patients including children and adults alike. Effective clinical
decision-making depends on the appropriate screening and
triaging and diagnosis of patients.['! Ultrasonography plays
an important role within the evidence-based clinical decision
support algorithms for disease management.!'>!”! The literature
is replicated the vital role played by ultrasound in the screening,
and diagnosis documentation of EPTB in HIV/AID patients
co-infected with TB, especially in TB endemic regions.>1017:18]
Among several reasons for ultrasonography usage in the
workup of patients with TB to exclude EPTB among patients
with HIV/AIDS are; its nonusage of ionizing radiation makes
it suitable for all age groups including children!*”) and can be
adopted as a bedside routine treatment monitoring for patients
in TB endemic regions where access to imaging services are
scare.%
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Table 1: Emerging themes from Systematic Literature Synthesis

Emerging Themes Authors

Pulmonary Tuberculosis (PTB) and Extra-Pulmonary
Tuberculosis (EPTB)

Imaging Investigation of Extra-Pulmonary Tuberculosis.

Mollura et al., 20195, Iliyasu and Babashani, 2009(), Spalgais et al., 20137,
Borkar et al., 2016%), Spalgais et al., 2017\

Mollura et al., 20195, WHO, 201612, Trivedi et al., 20153, Goblirsch et al., 201416,

Weber et al.,2018"%1, Heller et al., 2013211,

Focused Assessment with Sonography for HIV-Associated
Tuberculosis (FASH)

Common Manifestation of Extra-Pulmonary Tuberculosis
(EPTB)

Point of Care Ultrasound Training in Resource
Constrained Settings

Weber et al., 2018'8], Mbanjumucyo and Henwood, 2016"%, Heller ez al., 201422,
Sinkala ef al., 2009”%, Mateer et al., 1994°1, CDC, 2016,

Mbanjumucyo and Henwood, 20162%, Von-Reyn et al., 201155, WHO, 20065¢,
Brindle et al., 201357, Giordani et al., 201258,

Heller et al., 20125}, Mbanjumucyo and Henwood, 20168%, Van-Hoving et al., 2013533,
Rozycki et al., 199949, Heller et al., 2010121,

In most limited resource settings, a common challenge has
always been the lack of trained and qualified sonographers
and sonologist who can provide the needed imaging service
demands of the teeming populace. Recently, point-of-care
ultrasound (POCUS) has been a huge success following its
introduction across a variety of settings. Dedicated protocols
and techniques for the specific patient populations are needed
to answer specific clinical questions. Specific protocols and
techniques have been successfully developed and deployed
in emergency medicine, like the focused assessment with
sonography for trauma,['2% for the assessment of trauma
victims. Similarly, the focused assessment with sonography
for HIV (FASH)-TB co-infection protocol has also been
developed.l"** The FASH/AIDS-associated TB has been
successfully developed and is being used to diagnose signs
of EPTB. This technique can be learned by healthcare
personnel who are novices to ultrasound.!"” The technique
consists of a rapid sonographic evaluation of the abdomen,
pleural space, and the heart to roll out pleural and pericardial
effusion, abdominal lymph enlargement, hypoechogenic
lesions in the spleen and liver, ascites bowel wall thickening,
among many others.['” However, the majority of these cases
go undetected due to the poor sensitivity of microbiological
test.2!%) Ultrasound potentials are limitless in the diagnosis
and workup of patients with EPTB, especially in areas with
high prevalence. Ultrasound is able to rapidly pick up the
spectrum of findings that are classical or highly suggestive of
EPTB.4 Due to the shortage of sonographers and sonologist in
constrained resource settings, modeled courses were developed
to train physicians and healthcare providers on the focused
application of ultrasound to achieve wider coverage. The
public health implication is far-reaching in scarce resources
with improved and rapid detection of EPTB in our teeming
population, especially at the rural primary healthcare centers
where most patients tend to seek healthcare services at first
instance, to deliver immediate preventive, curative as well as
palliative care.[3:10:1724.25]

MareriaLs AND METHODS

An extensive literature search was conducted between
1994 and 2021 for original peer-reviewed articles in the

English language on ultrasound application in the diagnosis
of EPTB, ultrasound application in infectious diseases in
resource-constrained settings, POCUS in resource-scarce
settings among others, across various electronic databases
including MEDLINE, PubMed, POPLINE, Scopus, and
Google Scholar, among others and some grey literature
was retrieved from some government agencies, WHO, and
nongovernmental organizations. The search was extended by
scrutinizing the reference list of the selected articles and only
articles for which the full text was available were considered.
This was done to ensure that many relevant studies were
extracted on the subject. Systematic synthesis of the literature
is presented in a flow chart in Figure 1 and emerging themes
were identified by their recurrence in literature. Major themes
are summarized in Table 1 and described in the results/
discussion.

ULtrAsouND FoR Focusep ASSESSMENT OF

ExTRAPULMONARY TUBERCULOSIS

Globally, TB has been a major public health concern. The
incidence of EPTB is high, up to 15% of the total new TB
cases, with a higher preponderance in females than males,
especially of African or Asian descent.?*?°! The diagnosis
of EPTB is low due to a lack of point-of-care diagnostic
tests.?) Several organs are affected by EPTB making
diagnosis challenging and requiring cross-sectional imaging.
Patients (both adults and children) living with HIV/AIDS
have an increased risk of contracting EPTB.[%27 The double
burden of HIV and TB in underdeveloped nations especially
in sub-Saharan Africa makes the screening, diagnosis and
prompt treatment of the incident cases a priority to reduce
the cases and meet the SDG targets by 2030.5 The use of
POCUS the “FASH associated TB protocol” is coming in
handy to support timely diagnosis and workup of these groups
of patients.?* There is however need to explore the application
of FASH protocol outside HIV/TB endemic areas or among
HIV-negative populations. In inpatient populations with low
TB prevalence, ultrasound findings could be a result of other
diseases other than TB, therefore, transferring FASH protocol
from one epidemiological setting to another should be done
with care.l'¥!
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Records identified throug h h
data base search (n=112)

Additional records identifie d d
through other sources (n=18)

l

Number of records after duplicates removed (n=107)

Records screen (n=107)

v

Records excluded (no full
text articles) (n=36 )

Full text articles assessed

Full text articles excluded
with reasons (studies

for eligibility (n=71)

y

A\ 4

published before 1994)
(n=17)

Full text articles assessed for eligibility
(n=54)

Full text articles excluded
(Review articles) (n=12)

synthesis (n=42)

Studies finally included in qualitative

Figure 1: Systematic flowchart of the articles used in the study

There is an increased usage of imaging services like ultrasound
in developing countries to support clinical decision-making
and procedural guidance.?” The FASH procedure however
does not replace a comprehensive ultrasound examination,
while POCUS techniques like FASH try to answer a specific
clinical question, i.e., relevant to immediate patient case
management.!'® Diagnostic ultrasound is performed by a
highly trained healthcare professional with good knowledge
of ultrasound equipment Knobology, who systematically
assesses the sonographic images, records, and interprets the
examination to provide a well-documented and recorded report
of the finding and draw up a conclusion from the scan for
diagnosis and management of patient conditions.*3% Formal
training programs have been developed to train healthcare
personnel in ultrasound skills.*

With the growing application of POCUS in infectious disease,
criteria such as the prevalence of the disease among the patient
population, the potential of the diagnosis to significantly
change patient condition, and the simplicity of the protocol
for reproducibility and for novice to learn with ease.P'%
There is a slight difference in the application of POCUS
in high-income countries and in resource-limited settings
because it is deployed as a reduced time diagnosis to answer
specific clinical questions to improve patient management in

high countries, while in limited-resource settings, POCUS
may perhaps be the only available diagnostic imaging
modality, thus making the issue of training and retraining an
important issue.0-3233]

Common MANIFESTATION OF EXTRAPULMONARY
TuBERcULOSIS

EPTB is commonly seen in immune-suppressed patients,
diagnosing EPTB is quite challenging compared to PTB.
The major cause of death among HIV/AIDS patients is
disseminated TB.[2%323% Commonly presenting clinical
symptoms include but are not limited to fever, loss of weight,
drenching sweats in the night, cough, and shortness of breath.
Specific symptoms are less evident among individuals
co-infected with HIV/AIDS.?%32351 Sonographic features that
are suggestive of EPTB, especially in endemic populations
are pericardial effusion.®”? Lymph node enlargement and
micro-splenic abscesses within the abdomen are characteristic
findings in HIV-TB co-infected patients.*® Sonographically,
they are seen as hypoechoic round structures larger than
1.5-2 cm. The common sites are the liver hilum, celiac and
para-aortic area, caecal mesentery, and the splenic hilum.23%
Enlarged spleen with micro-abscesses in the spleen measuring
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0.5—1 cm, the presence of ascites within the abdomen, are all
features strongly suggestive of TB of the abdomen.**

PoinT-0F-CARE ULTRASOUND TRAINING IN
ResouRrce-CoNSTRAINED SETTINGS

Successful curriculum development, training, and deployment
of healthcare personnel to carry out POCUS to identify
features EPTB has been tried out through short courses in
South Africa,l' and also well demonstrated in emergency
medicine.??! Pleural effusion,B’! pericardial effusion,
and ascetic fluid are well demonstrated with POCUS with
high sensitivity and specificity. The POCUS protocol for
EPTB (FASH) has reported huge success rates in the detection
of micro-splenic abscesses.[*!! Over 25% of the patient
population with negative chest X-ray findings had positive
FASH findings, indicating that a huge number of the patient
population whose EPTB diagnosis would have been missed if
chest X-ray was the only imaging diagnostic test available.*3
The positive impact of FASH has also been reported among the
pediatric patient population.”!! In evaluating patient response to
treatment, FASH positive findings with EPTB after a 3 months’
period of treatment present a challenge of mycobacterial
resistance, poor compliance to the treatment regime, or immune
reconstitution inflammatory syndrome.?*#! It is imperative
to note that ultrasonography alone cannot give a definitive
diagnosis, however, in high prevalence settings, prompt TB
treatment can be instituted following positive sonographic
findings with good clinical suspicion.!020:42!

A major concern in diagnosing EPTB is the nonspecific
symptomatic presentation resulting in most EPTB going
unnoticed. As such abdominal ultrasound should be an adjunct
imaging test to plain chest radiography imaging alongside
other diagnostic tests among patients with suspected EPTB
for the intensified case findings. It is, however, important to
note that ultrasound is highly an operator-dependent imaging
modality with high false-negative and false-positive rates,
and a long learning curve that has impeded its wide usage.
Routine follow-up ultrasound scans have been recommended
as a way of monitoring the patient’s response to treatment.
We also did not conduct any statistical analysis in this
review study.

CoNncLusIoN

FASH has proved to come in handy in characterizing the
common pathologic findings in patients living with HIV/AIDS
and TB co-infection. It supports prompt decision-making in
patients with suspicion of HIV/AIDS and TB co-infection to
rule out EPTB in patient populations with high HIV/AIDS
and TB incidence, where access to radiological imaging
and microbiological investigations are limited, avoiding
unnecessary delays to diagnosis and treatment, and thus
impacting morbidity and mortality. Ultrasonography is a
rapid diagnostic imaging tool that is readily available and
affordable with technological advances making it portable and

user-friendly. The training and deployment of sonographers
in endemic regions with a high prevalence of HIV and TB
co-infection, to diagnose EPTB using FASH protocol is a
viable option that is in line with the global drive for intensified
case finding and treatment algorithm, with a view to meeting
the SDG target of ending HIV and TB epidemics and achieving
universal health coverage.
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