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Abstract

HIV/TB co-infection presents a significant public health challenge due to the synergistic interaction between the two
pathogens. HIV weakens the immune system, making individuals more susceptible to TB infection and reactivation
of latent TB. Conversely, active TB accelerates the progression of HIV to AIDS by further compromising immune
function, increasing viral replication, and promoting viral mutation. This interaction not only worsens clinical outcomes
but also increases mortality rates among people living with HIV (PLWH). The mutual enhancement of these pathogens
means that HIV infection increases the likelihood of TB infection and reactivation due to the compromised immune
system. TB infection, in turn, accelerates the deterioration of immune function in PLWH, leading to faster progression
to AIDS. Active TB is a leading cause of death among PLWH. In 2019, approximately 33% of the 690,000 AIDS-
related deaths were attributable to HIV-associated TB.

Diagnosing TB in HIV-coinfected individuals is particularly challenging due to the reduced sensitivity of conventional
diagnostic methods like sputum smear, sputum culture, tuberculin skin tests, and interferon-gamma release assays. The
lower immune response in PLWH leads to lower detection rates with these methods. Emerging diagnostic approaches,
such as micro RNAs, soluble inflammatory markers, and proteomic analysis, show promise for early detection of TB
in HIV-coinfected individuals. However, these methods require further research and validation. Strengthening the
integration of HIV and TB control programs can reduce diagnostic delays, improve early case detection, ensure prompt
treatment initiation, and ultimately reduce transmission rates. This integration is crucial for managing co-infection
and improving patient outcomes. To address these challenges, health systems need to focus on enhancing screening
and diagnostic methods, developing and validating new diagnostic tools that are effective in immunocompromised
individuals, and implementing coordinated care strategies that address both HIV and TB simultaneously.
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Introduction

HIV is a primary global public health concern, having  reported to be 7.5 million.. In 2020, individuals

claimed around 40.4 million lives to date, and estimates
place the number of people living with HIV at 39.0 million
by the end of 2022." Despite significant progress in TB
control, tuberculosis (TB) remains the leading cause of
death for adults worldwide, with 122 million cases being
attributed to disease episodes and post-tuberculosis.?
In 2022, the global incidence of tuberculosis (TB) was
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diagnosed with HIV, commonly referred to as people
living with HIV (PLHIV), constituted 8% of TB cases
and were responsible for around 14% of TB-related
mortalities.* The coinfection of HIV and TB infection
presents a synergistic and potentially fatal combination,
as each infection exacerbates the progression of the other.’
Early detection through systematic screening of high-risk
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groups is a crucial part of the WHO’s interim milestone
for the End TB strategy, set for 2035.° Standard diagnostic
techniques in current active Tuberculosis diagnosis
protocol in HIV-positive individuals include symptom-
based diagnosis, X-ray chest, sputum smear microscopy,
TST and IGRA, bacterial culture, GeneXpert MTB/RIF
of sputum, LF-LAM, GeneXpert Ultra of sputum and
granulomatous lesion in lung biopsy materials. However,
current diagnostic methods for active TB in HIV-positive
individuals have significant limitations.

Clinical presentation of Tuberculosis in
HIV-coinfected individuals

According to current WHO standards, every adult or
adolescent with HIV should be screened for TB based
on symptoms at each medical visit. The WHO four-
symptom screen assesses the presence of fever, night
sweats, cough, or weight loss.” HIV-positive individuals
may experience a range of TB signs and symptoms,
depending on their level of immunosuppression.
Although less immunocompromised persons are more
likely to experience pulmonary manifestations, patients
with severe immunosuppression are more susceptible
to extrapulmonary tuberculosis, which can appear
as a variety of signs and symptoms, most notably
lymphadenopathy and pleural effusion.® The pooled
sensitivity of symptom-based diagnosis among all PLHIV
was 83% (95%CI: 74-89%), and the specificity was 38%
(95%CI: 25-53%) when compared to a culture reference
standard according to a meta-analysis conducted by
WHO including 23 studies.” Any organ in the body can
be affected by extrapulmonary TB, which frequently
affects the pericardium, central nervous system, pleura,
lymph nodes, abdominal organs, and bone. It frequently
manifests as disseminated TB.?

Conventional Diagnostic Methods and Their
Limitations

While many conditions can mimic TB symptoms,
HIV-associated pulmonary diseases, and pneumonic
presentations should put TB at the top of the differential
diagnosis list.!® Patients with coinfection of HIV and
TB present with more unusual clinical and imaging
manifestations due to reduced immunity and decreased
bacterial load in sputum. TB screening tools are
intended to differentiate individuals with a higher risk
of getting tuberculosis from those with a lower risk. To
confirm or rule out tuberculosis, diagnostic testing must
be conducted after screening and be provided as part
of a thorough clinical evaluation."" For many years, the
primary methods used for diagnosing and validating
active TB were bacterial culture and smear microscopy to
check for acid-fast bacilli. A more recent improvement to
the diagnostic toolkit is the nucleic acid amplification of
Mtb via tests like GeneXpert MTB/RIF and GeneXpert
MTB/RIF Ultra. While smear-positive cases can be
diagnosed with high sensitivity and specificity using
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culture and GeneXpert, smear-negative patients, children,
PLHIV, and extrapulmonary tuberculosis (EPTB) have
lower diagnostic accuracy."?

In an MTB-HIV coinfection, sputum microscopy is less
sensitive, but it is quick, cheap, and simple to use in the
field setting.”® Sputum bacillary load is typically low in
HIV-positive individuals, which reduces the sensitivity of
bacteriological tests.®'* Between 24% and 61% of patients
with HIV coinfected are smear-negative.'* MTB culture
in liquid or on solid agar is still a crucial conventional test
for TB diagnosis. The cost of solid culture is lower than
that of liquid culture. However, liquid culture is more
sensitive and quicker.'®

Interferon-gamma release assays (IGRA) or the tuberculin
skin test (TST) are advised for initial screening.” In
countries with low TB prevalence, asymptomatic, non-
HIV-infected people are routinely screened for TB using
TST, which is influenced by the bacillus Calmette-
Guérin (BCG) vaccination, and IGRA, which is not.
Current blood-based assays, like IFN-y release assays
(IGRAsS), are specific to Mtb infection and measure [FN-y
production in response to stimulation with Mtb-specific
antigens, such as ESAT6 and CFP10."'® However,
IGRAs (like QuantiFERON or T-SPOT.TB) are not good
enough to track treatment response,'” and they cannot
distinguish between latent Mtb infection (LTBI) and
ATB.22! A multicenter prospective study evaluating the
diagnostic qualities of the TST, QuantiFERON Gold In-
Tube (QFT), and T-SPOT-TB (TSPOT) was carried out in
the United States, involving 1510 people living with HIV
(PLWH). This study discovered that TSPOT was more
applicable to PLWH with high CD4+ counts and low risk
for tuberculosis exposure, as it had a significantly higher
positive predictive value (90.0%) than the TST (45.4%)
or QFT (50.7%).2> C-reactive protein (CRP) has been
added as a screening marker for ambulatory PLHIV in
the most recent version of the WHO guidelines on TB.”
The WHO-recommended four-symptom screen alone
had a lower specificity and a similar sensitivity to high
CRP, according to a meta-analysis that supported the
recommendation.”® The benefit of CRP is that it is an
inexpensive point-of-care test that can be performed on
capillary blood. Additional infectious agents that are in
circulation have the potential to decrease the specificity
of CRP.

Molecular diagnostic tests
Gene-Xpert MTB/RIF and Gene-Xpert Ultra

It is not possible to use GeneXpert MTB/RIF analysis
to identify treatment effects, even though it has
significantly improved diagnostic capability and
reduced accuracy in the PLHIV group.”* Furthermore,
sputum specimens, which are challenging to obtain in
adults following symptomatic improvement in pediatric
patients or patients with extrapulmonary TB, are another
requirement for GeneXpert MTB/RIF.>* Though the
GeneXpert MTB/RIF fast molecular assay provides
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improved diagnostic capabilities, its estimated sensitivity
for smear-negative cases is just 55% in PLWH, whereas it
is 67% in HIV-negative people (Theron et al., 2011). The
purpose of Xpert MTB/RIF Ultra (Xpert Ultra) is to
increase rifampicin resistance identification and improve
the sensitivity of tuberculosis diagnosis. Two distinct
multicopy amplification targets (IS6110 and IS1081) and
a bigger reaction chamber are intended to lessen the limit
at which bacterial colony-forming units can be detected.
In adults with pulmonary tuberculosis, prospective
multicenter research revealed that Xpert Ultra had a
greater diagnostic sensitivity than Xpert: 90% versus 77%
in culture-positive sputum samples from HIV-coinfected
persons and 63% versus 46% in smear-negative, culture-
positive sputum samples.®

Urine Lateral Flow Lipo-arabino-mannan
(LF-LAM)

For a subset of HIV-positive individuals who are
thought to be co-infected with active tuberculosis, the
urine LF-LAM assay is an immunocapture test that finds
the mycobacterial LAM antigen in urine. The assay can
be used as a rapid bedside rule-in test for HIV-positive
individuals despite its limited sensitivity, particularly
in emergency scenarios where the patient’s survival
depends on a prompt TB diagnosis.? For HIV-positive
adults, adolescents, and children with TB signs and
symptoms (pulmonary or extrapulmonary), who have
advanced HIV disease or are critically ill, or who have
a CD4 cell count of less than 200 cells/mm3, LF-LAM
is advised in inpatient settings to assist in the diagnosis
of active tuberculosis. In outpatient settings, the World
Health Organization advises using LF-LAM to assist
in the diagnosis of active tuberculosis in HIV-positive
adults, adolescents, and children who exhibit pulmonary
or extrapulmonary TB signs and symptoms, are critically
ill, or have a CD4 cell count of less than 100 cells/mm3,
regardless of TB signs and symptoms.

Prospects of tuberculosis diagnosis in HIV/
TB coinfected individuals

MicroRNAs: MicroRNAs (miRNAs) hold promise
as diagnostic biomarkers for TB in HIV-coinfected
individuals due to their ability to provide early, specific,
and non-invasive detection. miRNAs can differentiate
between latent and active TB and reflect disease activity
and treatment responses, improving monitoring and
management. Essential in HIV-positive patients where
conventional diagnostic techniques might not work is
the ability of these tiny, persistent RNA molecules to
discriminate between latent and active tuberculosis.”’
Furthermore, miRNAs have the ability to reflect disease
activity and treatment responses, which facilitates efficient
disease monitoring.”® Their application in blood-based
testing improves patient accessibility and compliance,
particularly in environments with limited resources.?
In general, miRNAs have the potential to transform the

identification and treatment of tuberculosis in individuals
who also have HIV, leading to better clinical results and
improved public health.*

Immuno-activation markers of tuberculosis

Immune activation markers may hold significant
promise for diagnosing TB in HIV-coinfected patients,
where traditional methods often fail due to overlapping
symptoms and reduced sensitivity. Macrophage and
T-cell-specific soluble cellular markers of immune
activation, sCD27, sCD163, and sCD14, are found at
increased levels in pleural fluid versus plasma and even
higher in TB patients coinfected with HIV-1.3" Higher
levels of circulating soluble CD14 (sCD14), a marker of
macrophage activation, were found in HIV/TB coinfected
patients with pulmonary TB compared to CD4-matched
HIV-1 infected healthy subjects, regardless of their CD4
T cell count.’> Moreover, studies indicate that markers
such as CD38, HLA-DR, and CD69 on T-cells may
help identify TB in these patients by reflecting immune
system activation specific to TB.** CD69 is recognized as
a costimulatory receptor and an early activation marker.>*
Elevated levels of CD4+ CD69+ IFNy+ T cells are
linked to early active tuberculosis or recent TB infection.’!
By using CD38, an immune activation marker, and CD27,
a maturation marker, Ahmed et al. showed that active
TB was associated with increased frequency of CD38+
CD27low, while LTBI was associated with CD38-CD27
high.** By week nine, following the commencement of
anti-TB therapy, the expression of immune activation
markers such as CD38 and HLA-DR on T cells had
significantly decreased. So, these markers can be used to
see the treatment response in TB. So, incorporating
these markers into diagnostic protocols can enhance
the accuracy and timeliness of TB diagnosis, improving
outcomes for HIV-infected individuals.

Integrative multiomics approach

An integrative multi-omics approach, utilizing data from
genomics, transcriptomics, proteomics, metabolomics,
microbiomics, and epigenomics, offers a comprehensive
view of TB in HIV-coinfected individuals. This approach
can improve biomarker discovery, diagnostic accuracy,
and personalized treatment options.* In a study including
active tuberculosis patients with HIV coinfection and
healthy controls, greater MDC/CCL22 in controls
(p=0.0072) and greater TNFa and IP-10/CXCL10 in cases
(p=0.011, p=0.0005) were observed. Gamma-glutamyl
threonine and hsa-miR 215-5p were shown to be the
best variables by a decision-tree method for classifying
incident TB cases (AUC 0.965; 95% CI 0.925-1.000).

Conclusion

In HIV-positive patients, early TB testing improves the
management of both conditions and lowers morbidity
and mortality rates. Timely and accurate diagnosis of
TB in HIV-positive individuals is crucial, as coinfection
exacerbates the progression of both discases. Early TB
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testing improves management, reduces morbidity and
mortality, and enhances public health outcomes by
limiting disease transmission. Enhancing diagnostic
capacities is essential to improving survival rates and
quality of life for individuals coinfected with HIV and

TB.
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