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Immunopathology in AIDS/TB
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Abstract

Human immunodeficiency virus (HIV) weakens immune responses against mycobacterium tuberculosis (MTB), and HIV
infection is the most potent risk factor for developing TB. People living with HIV have 19 times increased risk of developing
TB and makeup 17% of all TB deaths worldwide. HIV-1 infection is increasingly considered a chronic inflammatory disease
that leads to immunodeficiency. The translocation of microbial products from the gastrointestinal lumen into the bloodstream
following massive T cell depletion in gastrointestinal-associated lymphoid tissue. Furthermore, immunosuppression seen after
mycobacterial stimulation in patients with active TB is associated with naturally occurring regulatory T cells. The treatment of
AIDS/TB is challenging, and their sputum is often negative for acid-fast bacteria. All varieties of extrapulmonary TB (ExTB)
have been described in AIDS/TB. A paradoxical worsening of signs and symptoms of AIDS/TB patients may occur when the
patients are treated effectively for their TB and have commenced ART.

In HIV/AIDS, a compromised immune system with lower CD4 T cell counts might waive the clinical symptoms and

inflammatory responses, which suggests lymphocyte redistribution as an immunopathology leading to lymphopenia in
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COVID-19. These analyses in AIDS/TB are helpful for the pathological study of COVID-19 patients.
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Introduction

Tuberculosis (TB) is caused by the bacillus Mycobacterium
tuberculosis (MTB), which is spread when people sick
with TB expel bacteria into the air. About a quarter of the
global population is estimated to have been infected with
MTB. Without treatment, the death rate from TB deaths is
high. The reported number of people newly diagnosed with
TB are gradually decreasing. From a peak of 7.1 million in
2019, this fell to 5.8 million in 2020 (-18%), back to the
level last seen in 2012. In 2021, there was a partial recovery
to 6.4 million (the level of 2016-2017) (). This decline
is caused by SARS-CoV-2 transmission and the swift
implementation of public health measures to try and contain
its spread provides an uncomfortable mirror to the slow pace
of M. tuberculosis transmission research and improved global
tuberculosis control (2, 3) . But the current situation is far from

the target value (Fig 1).

In a majority of individuals who inhale M. tuberculosis
bacilli, the infection is eliminated by innate immune responses
or subsequently contained by poorly understood host defenses,
and infection remains latent. People with latent TB infection
(LTBI) are typically considered to be asymptomatic and not
infectious to others. However, people classified as having
LTBI may harbor viable MTB that can reactivate later, causing
active TB disease. Studies suggest that 5 to 15% of individuals
recently infected with MTB progress rapidly (within 2 years)
to active disease (4).

Human immunodeficiency virus (HIV) weakens immune
responses against MTB and HIV infection is the most
potent risk factor for developing TB (5, 6), resulting in
TB associated with acquired immune deficiency syndrome
(AIDS, AIDS/TB) . According to the reports of the natural
history of HIV infection in india, the most common acquired

immune deficiency syndrome-defining illnesses were
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Figure 1. WHO end TB strategy 2025 milestones. (Ref 1)

pulmonary tuberculosis (49%: median duration of survival,
45 months) (7). People living with HIV have a 19 times
increased risk of developing TB, and make up 17% of all TB
deaths worldwide. HIV-1 co-infection is the single greatest
risk factor for developing active TB. TB infection leads
to increased HIV replication and HIV contributes to TB
progression due to HIV mediated immune suppression (8).
Importantly, in comparison to the general population, the risk
of active TB remains higher in patients infected with HIV-1
even after becoming established on effective ART (9). In
Thailand, the probability of incident TB was 0.7%, 1.7%,
3.3% and 4.3%, at 1, 2, 5 and 7 years after ART initiation,
respectively. Low CD4 count, BMI< 18 kg/mz, and substance
use in the previous six months were significantly associated

with incident TB. In Pune, 1904 patients with a median

duration of follow up on ART of 57 (IQR=32.0, 84.0)
months were included. Of these, 182 developed incident TB
(22% definitive TB, 38% recurrent cases). TB incidence at
6-12 months, 13-24 months, 25-60 months and> 60 months
of ART was 24.32, 546, 2.54 and 0.75 cases per 100 person
years respectively. Current time updated CD4 count <500
cells/mm?® (p <0.0001), virologic failure on ART
(adjusted Hazard Ratio (aHR): 3.05 (95% CI: 2.094,
4.454), p<0.0001) and receipt of ART without IPT (aHR:
8.24 (95% CI, 3.358, 20.204), p<0.0001) were associated
with higher risk of incident TB (10) . HIV-infected adults on
ART exhibited lower plasma HIV viral load and higher blood
CD4(+) T cell count than ART-naive adults. Total influenza-
specific alveolar Thl CD4(+) T cell responses were intact

in all individuals receiving ART. In contrast, irrespective

T HIV-1 propagation
~ and diversity

M. tuberculosis

HIV-1 disease progression

Figure 2. HIV-1 and MTB infection increases HIV-1 disease progression. (Ref 8)



of duration, broncho alveolar lymphocytes and blood
mycobacteria-specific polyfunctional CD4 (+) T cell responses

were impaired in adults on ART (/1)

Clinical manifestation of AIDS/TB

The complex interaction between MTB and HIV causes
immune activation in AIDS/TB patients (Fig 2) (12). HIV-
induced immunosuppression modifies the clinical presentation
of AIDS/TB (13). Individuals who are infected with HIV-1
and have CD4(+) T cell counts in the normal range present
with classic symptoms of pulmonary TB, but the disease that is
restricted to the lung apices is less frequent. In contrast, pleural
effusions and lymph node disease are more likely. In advanced
AIDS the patients show atypical signs and symptoms and more
frequent extrapulmonary dissemination (14) .

Point-of-care screening assays have been developed to
identify those patients with extra pulmonary TB (EPTB) that
might be otherwise missed. The urine lateral flow assay for
LAM has become an attractive option to diagnose disseminated
TB in people with HIV due to their ease of incorporation into

HIV clinics for rapid screening (15).

Chronic immune activation in AIDS/TB

HIV-1 infection is increasingly considered a chronic
inflammatory disease that leads to immunodeficiency. Several
mechanisms are thought to lead to the chronic immune
activation that is associated with HIV-1 infection (Fig. 3)
(16) . Chief among these is the translocation of microbial
products from the gastrointestinal lumen into the bloodstream

following massive T cell depletion in gastrointestinal-

CD4 depletion
enterapathy

immune
activation

Figure 3. Immune activation in AIDS/TB. (Ref 16)
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associated lymphoid tissue (GALT) during primary HIV-1
infection (77). This depletion is thought to be caused by lytic
infection of GALT T helperl7 cells (TH 17 cells) , which are
particularly permissive to retroviral infection (/8). Another T
cell population that becomes depleted in HIV-1 infection are
mucosal associated invariant T (MAIT) cells. These are CD8+
innate lymphoid cells that recognize bacterial metabolites
of vitamin B that are presented by a non-polymorphic major
histocompatibility complex-like molecule, MR1 (79). MAIT
cells are activated by M. tuberculosis and are enriched at the
site of TB disease (20). Therefore, their depletion in HIV-1
infection may attenuate a component of host immune responses
to M. tuberculosis. MAIT cells are not infected by HIV-1.
Their depletion is thought to be caused indirectly by immune
activation. In this context, the failure of ART to restore the T
cell repertoire, including MAIT cells may also be an important
factor in the persistently elevated risk of TB.

BCG was found to increase effector and regulatory
T cell phenotypes as defined by CD4 (+)CD25 (lo) and
CD4 (+)CD25 (hi) T cells, respectively. Together, these results
suggest that immunosuppression seen after mycobacterial
stimulation in patients with active TB is associated with

naturally occurring regulatory T cells (21).

Therapy against AIDS/TB

The treatment of AIDS/TB is also more challenging, and
their sputum is often negative for acid-fast bacteria (22). All
varieties of EPTB have been described in AIDS/TB (bone
marrow infiltration and bone, hepatic, splenic, cerebral,
vertebral, meningeal, spinal and kidney involvements).
Isolated extrapulmonary localisations are described in 53-63%
of TB cases in HIV-infected patients (22). A positive culture
of MTB confirms the diagnosis. Acid-fast bacilli in sputum
smears are positive in 30-60% of AIDS-related TB cases
(compared to 57% in HIV-seronegative patients) (23).

The standard 6-month regimen results in prompt sterilization
of sputum and low rates of treatment failure, similar to those
obtained in HIV-negative persons (24). However, studies
have documented higher rates of relapse in AIDS/TB patients
who received anti-TB therapy for 6 months, as compared
with 9-12 months (25) . In a Kenyan cohort, drug intolerance
has been recorded in 26% of AIS/TB patients taking a four-
drug anti-tuberculous regimen, often occurring early after the
initiation of therapy (before the second month). The most
frequent drug intolerance is observed with rifampicin (10%),
followed by isoniazid (3-6%) and, more rarely, ethambutol

and pyrazinamide (26). The risk of drug-resistant TB is
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higher among HIV-infected persons than in HIV-seronegative
patients. HIV-infected patients with TB who were born in the
USA, and who had not been treated previously for TB, were
infected by bacterial isolates with an incidence of isoniazid
resistance of 11.3% and rifampicin resistance of 8.9%. These
figures are nearly double those seen in the HIV-negative
population (27).

A paradoxical worsening of signs and symptoms of
AIDS/TB patients may occur when the patients are treated
effectively for their TB and have commenced ART. These
paradoxical reactions consist of a hectic fever, the occurrence
or enlargement of lymphadenopathies, worsening of chest
infiltrates, and increased pre-existing TB lesions (cutaneous
and peritoneal) (28). Paradoxical reactions, called immune
reconstitution inflammatory syndrome (IRIS), were related
to the initiation of combination ART (mean 15 * 11 days
afterward) than to the initiation of anti-TB treatment (mean
109 * 72 days afterwards) . Experience of TB-IRIS was found
to be associated with long-term remodeling of the CD4 T cell
memory compartment towards an effector memory-dominated
phenotype (29).

Survival function for the TB treatment outcomes and
factors predicting the probability of survival were tested
and described. Adjusted Cox regression model death hazard
showed association with missing ART treatment (HR: 1.699,
95%C1 1.164, 2.481, p = 0.006) and having CD4 count < 499
(HR 2.398, 95%CI 1.191, 4.830, p < 0.014). TB treatment
outcomes, ART treatment, and the CD4 count of HIV/TB
coinfected population substantially influence their life duration
(30).

Prevention

ART is strongly associated with a reduction in the
incidence of tuberculosis across all CD4 count strata.
Earlier initiation of ART may be a key component of
global and national strategies to control the HIV-associated

tuberculosis syndemic (6). Both ART to treat HIV and

restore immune function, and isoniazid preventive therapy to
treat M. tuberculosis infection, independently decrease the risk
of progressing from M. tuberculosis infection to TB disease
(31) . Mycobacterium tuberculosis/simian immunodeficiency
virus-coinfected (M. tuberculosis/STV-coinfected) macaques
to model M. tuberculosis/HIV coinfection and study the impact
of ART on TB reactivation due to HIV infection. Although
ART significantly reduced viral loads and increased CD4 (+)
T cell counts in blood and bronchoalveolar lavage (BAL)
samples, it did not reduce the relative risk of SIV-induced TB
reactivation in ART-treated macaques in the early phase of

treatment (32) .

COVID-19 infection on AIDS/TB patients

Overall, it was estimated that COVID-19 has an impact
on life expectancy by 0.12 years during the study period.
Even though mortality due to COVID-19 was high, factors
such as lockdown, vaccination, and accidents also had an
influence on mortality. Thus, there is a need to assess the
impact of COVID-19 on life expectancy in the future (33).
Compared to the reported mortality rate (nearly 4%-10%) and
severity rate (up to 20%-40%) among COVID-19 patients in
hospitals, a benign duration with 0% severity and mortality
rates was shown by 21 HIV/AIDS patients. In HIV/AIDS,
a compromised immune system with lower CD4 T cell
counts might waive the clinical symptoms and inflammatory
responses, which suggests lymphocyte redistribution as an
immunopathology leading to lymphopenia in COVID-19 (34) .
Another study showed that HIV-1 and TB coinfection skewed
the SARS-CoV-2 T cell response. HIV-1-mediated CD4 (+)
T cell depletion associated with suboptimal T cell and humoral
immune responses to SARS-CoV-2, and a decrease in the
polyfunctional capacity of SARS-CoV-2-specific CD4(+) T
cells was observed in COVID-19 patients with active TB. It
was also found that COVID-19 patients displayed reduced
frequency of MTB-specific CD4(+) T cells, with possible

implications for TB disease progression (35).

FIEREH
E MEREY A VA (HIV) I 3AERACR T 5 IR % 5550 CHIVIEBI DS & SIET A IRKDINT-TH 5, HIVIES
FIR R N, 19 LA ELRT (. $TRNTOMBIEDIT% % 5id b HIVIEGE I3 0B EELIC L 518
PEEGE TR EAR % 8 o FRIZIBE ) ¥ 7S BROKIBIZ L0 IBPIHE B AS I IR AT 5 & & AYEE
OFREBDOND, SOITHZEREICB W CEHIETHE S ML T, REKTIBESNL, =14 ABEOERIE
T A ARG HRE OEFERENBIETH 272010, WHERDE T L), $XTOY A TORYEEAA SN D, 728
FAEEZ D TV B BHIN T A ADOWEHE % BIGT % & ETMEERER S AET A2 b dH b, T4 AIZSARS-CoV2AH®
e B L ERICCDAIE S D A WIEBI CIERIESEAZ LW E W FTR L H D . S i) v/ SERDS e im B a1 121
HALTWD I ERRIEL T D, &R LT A X OMHTILCOVID-19ESH OFREMITIZ O SE L 7D ) 5,



fle &8 & KMl 5

References

1. W.H. Organization, Global tuberculosis report 2022 (Geneva, 2022) .

2. M. Pai, T. Kasaeva, S. Swaminathan, Covid-19's Devastating Effect on Tuberculosis Care - A Path to Recovery. N Engl J Med, (2022) .

3. M. Coleman, L. Martinez, G. Theron, R. Wood, B. Marais, Mycobacterium tuberculosis Transmission in High-Incidence Settings-New Paradigms and Insights.
Pathogens 11, (2022) .

4. E. Vynnycky, P. E. Fine, The natural history of tuberculosis: the implications of age-dependent risks of disease and the role of reinfection. Epidemiol Infect 119,
183-201 (1997).
B. Shiratori et al. (2012).
A. B. Suthar et al., Antiretroviral therapy for prevention of tuberculosis in adults with HIV: a systematic review and meta-analysis. PLoS Med 9, 1001270
(2012).

7. N.Kumarasamy ef al., Natural history of human immunodeficiency virus disease in southern India. Clin Infect Dis 36,79-85 (2003).
L. C. K. Bell, M. Noursadeghi, Pathogenesis of HIV-1 and Mycobacterium tuberculosis co-infection. Nat Rev Microbiol 16, 80-90 (2018) .

9. A.Gupta,R. Wood, R. Kaplan, L. G. Bekker, S. D. Lawn, Tuberculosis incidence rates during 8 years of follow-up of an antiretroviral treatment cohort in South
Africa: comparison with rates in the community. PLoS One 7,e34156 (2012) .

10. A.Dravid et al., Incidence of tuberculosis among HIV infected individuals on long term antiretroviral therapy in private healthcare sector in Pune, Western India.
BMC Infect Dis 19,714 (2019) .

11. K. C.Jambo ef al., Asymptomatic HIV-infected individuals on antiretroviral therapy exhibit impaired lung CD4 (+) T-cell responses to mycobacteria. Am J
Respir Crit Care Med 190, 938-947 (2014) .

12. R. Waters et al., The Mtb-HIV syndemic interaction: why treating M. tuberculosis infection may be crucial for HIV-1 eradication. Future Virol 15, 101-125
(2020).

13. S. Gatechompol et al., Incidence and factors associated with active tuberculosis among people living with HIV after long-term antiretroviral therapy in Thailand:
a competing risk model. BMC Infect Dis 22, 346 (2022) .

14. S.D.Lawn,A.J. Evans, P. M. Sedgwick, J. W. Acheampong, Pulmonary tuberculosis: radiological features in west Africans coinfected with HIV. Br J Radiol
72,339-344 (1999).

15. M. A. Bulterys et al., Point-Of-Care Urine LAM Tests for Tuberculosis Diagnosis: A Status Update. Journal of Clinical Medicine 9,111 (2020) .

16. D.C. Douek, M. Roederer, R. A. Koup, Emerging concepts in the immunopathogenesis of AIDS. Annu Rev Med 60, 471-484 (2009) .

17. J. M. Brenchley et al., Differential Th17 CD4 T-cell depletion in pathogenic and nonpathogenic lentiviral infections. Blood 112, 2826-2835 (2008) .

18. D.J. Stich e7 al., Th17 Cells Are Preferentially Infected Very Early after Vaginal Transmission of SIV in Macaques. Cell Host Microbe 19, 529-540 (2016) .

19. A. Saeidi et al., Functional role of mucosal-associated invariant T cells in HIV infection. J Leukoc Biol 100, 305-314 (2016) .

20. J.Jiang et al., Mucosal-associated invariant T-cell function is modulated by programmed death-1 signaling in patients with active tuberculosis. Am J Respir Crit
Care Med 190, 329-339 (2014) .

21. T. Roberts, N. Beyers, A. Aguirre, G. Walzl, Immunosuppression during active tuberculosis is characterized by decreased interferon- gamma production and
CD25 expression with elevated forkhead box P3, transforming growth factor- beta , and interleukin-4 mRNA levels. J Infect Dis 195, 870-878 (2007) .

22. L. Aaron et al., Tuberculosis in HIV-infected patients: a comprehensive review. Clin Microbiol Infect 10, 388-398 (2004) .

23. R.L.Smith, K. Yew, K. A. Berkowitz, C. P. Aranda, Factors affecting the yield of acid-fast sputum smears in patients with HIV and tuberculosis. Chest 106, 684
686 (1994).

24. R.E. Chaisson et al., Six-month supervised intermittent tuberculosis therapy in Haitian patients with and without HIV infection. Am J Respir Crit Care Med 154,
1034-1038 (1996) .

25. J.H. Perriéns et al., Pulmonary tuberculosis in HIV-infected patients in Zaire. A controlled trial of treatment for either 6 or 12 months. N Engl J Med 332,779
784 (1995).

26. P.Nunn et al., Cohort study of human immunodeficiency virus infection in patients with tuberculosis in Nairobi, Kenya. Analysis of early (6-month) mortality.
Am Rev Respir Dis 146, 849-854 (1992) .

27. S.S. Munsiff, S. Joseph, A. Ebrahimzadeh, T. R. Frieden, Rifampin-monoresistant tuberculosis in New York City, 1993-1994. Clin Infect Dis 25, 1465-1467
(1997).

28. S. A. Shelburne, 3rd et al., Immune reconstitution inflammatory syndrome: emergence of a unique syndrome during highly active antiretroviral therapy.
Medicine (Baltimore) 81,213-227 (2002) .

29. V. Haridas et al., TB-IRIS, T-cell activation, and remodeling of the T-cell compartment in highly immunosuppressed HIV-infected patients with TB. Aids 29,
263-273 (2015).

30. A.Zhandybayeva et al., The survival rate of tuberculosis patients in HIV-treated cohort of 2008-2018 in Almaty, Kazakhstan. J Infect Dev Ctries 14, 116s-121s
(2020).

31. M. X. Rangaka et al., Isoniazid plus antiretroviral therapy to prevent tuberculosis: a randomised double-blind, placebo-controlled trial. Lancet 384, 682-690



32.

33.

34.

35.

RRE AP A XHBE ORI

(2014).

S. R. Ganatra et al., Antiretroviral therapy does not reduce tuberculosis reactivation in a tuberculosis-HIV coinfection model. J Clin Invest 130, 5171-5179
(2020).

M. Muniyandi, P. K. Singh, Y. Aanandh, N. Karikalan, C. Padmapriyadarsini, A national-level analysis of life expectancy associated with the COVID-19
pandemic in India. Front Public Health 10, 1000933 (2022) .

H. S. Lin et al., Exhausting T Cells During HIV Infection May Improve the Prognosis of Patients with COVID-19. Front Cell Infect Microbiol 11, 564938
(2021).

C. Riou et al., Relationship of SARS-CoV-2-specific CD4 response to COVID-19 severity and impact of HIV-1 and tuberculosis coinfection. J Clin Invest 131,
(2021).



