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ABSTRACT

Background: The co-existence of Human Immunodeficiency Virus (HIV) and tuberculosis (TB) presents a critical global health
challenge, particularly in low- and middle-income countries. TB remains the leading opportunistic infection and primary cause
of mortality among individuals living with HIV. Immunosuppression caused by HIV increases susceptibility to TB, while
behavioral and structural barriers hinder timely diagnosis, adherence, and care. Addressing this dual epidemic requires a
comprehensive understanding of its determinants within vulnerable populations.

Objective: To determine the prevalence of TB among HIV-positive patients and evaluate the demographic, clinical, and
behavioral factors contributing to TB co-infection.

Methods: A descriptive cross-sectional study was carried out at General Hospital Lahore over a four-month period. A total of
60 confirmed HIV-positive individuals aged >20 years were selected through non-probability convenience sampling. Data
collection involved structured questionnaires and review of clinical records, focusing on ART status, CD4 count, viral load,
substance use, nutritional status (BMI), TB history, diagnostic method, and healthcare access. Descriptive and inferential
statistics were applied, with significance set at p<0.05.

Results: TB prevalence among participants was 83.3% (n=50), with 58.3% (n=35) having extra-pulmonary TB. Only 40%
(n=24) completed TB treatment. CD4 counts were <200 cells/mm? in 45% (n=27), and 58.3% had unsuppressed viral loads.
Substance use was reported by 66.7% (n=40), while 41.7% (n=25) were smokers and 48.3% (n=29) consumed alcohol. Mean
BMI was 18.4 + 1.05, and 78.3% (n=47) had difficulty accessing healthcare. Additionally, 75% (n=45) had a household TB
contact, and 71.7% (n=43) had other opportunistic infections.

Conclusion: The findings highlight a high burden of HIV-TB co-infection, compounded by behavioral risks, poor treatment
adherence, and limited healthcare access. Integrated, patient-centered strategies addressing both medical and social determinants
are urgently needed to improve outcomes in this population.

Keywords: Antiretroviral Therapy (ART), CD4 Count, Co-infection, HIV, Opportunistic Infections, Risk Factors, Tuberculosis.
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INTRODUCTION

Human Immunodeficiency Virus (HIV) remains a critical global health concern due to its persistent impact on immune function,
primarily through the depletion of CD4+ T lymphocytes. If left untreated, HIV infection can progress to Acquired Immunodeficiency
Syndrome (AIDS), a condition that leaves individuals highly susceptible to opportunistic infections and malignancies (1). Despite the
progress in antiretroviral therapy (ART), approximately 38 million people worldwide are currently living with HIV, with the highest
prevalence reported in Sub-Saharan Africa. Countries such as South Africa, Nigeria, and India continue to bear the brunt of the epidemic,
while structural barriers like poverty, stigma, and limited healthcare access further complicate prevention and treatment efforts (2). In
Pakistan, the HIV burden is estimated at around 240,000 individuals as of 2022. Though national prevalence is low, significant disparities
exist among high-risk populations, where infection rates are markedly elevated. Sociocultural stigma, poor awareness, and under-
resourced healthcare infrastructure present unique challenges in managing the epidemic effectively (3). The clinical course of HIV
infection varies widely, beginning with non-specific flu-like symptoms during the acute phase, followed by a prolonged asymptomatic
period known as clinical latency. If left untreated, the virus continues to replicate and eventually compromises immune function,
culminating in AIDS. HIV transmission predominantly occurs through unprotected sexual contact, contaminated needles, and perinatal
transmission. Socioeconomic inequality, lack of health education, and societal stigma further perpetuate the cycle of transmission, often
delaying diagnosis and initiation of treatment (4,5). Of growing concern is the intersection of HIV and tuberculosis (TB), particularly
in resource-limited settings. HIV infection significantly alters the clinical presentation of TB, leading to a higher incidence of smear-
negative and extrapulmonary TB, complicating both diagnosis and management (6,7). The immunosuppressive effect of HIV—through
progressive depletion of CD4+ cells—creates an optimal environment for TB reactivation and dissemination. However, not all HIV-
positive individuals develop TB, suggesting the presence of additional biological or environmental risk modifiers, which remain
inadequately studied in many high-burden regions such as Ethiopia (8).

In HIV-infected individuals, the risk of progressing from latent to active TB is substantially increased, especially among those with
advanced immunosuppression. The initiation of ART in such individuals may paradoxically trigger immune reconstitution inflammatory
syndrome (IRIS), further complicating clinical outcomes (9). While ART has revolutionized HIV care, delayed initiation, poor
adherence, and the emergence of drug-resistant strains continue to hinder optimal disease control (10,11). The global burden of TB
remains disproportionately concentrated in Asia and Africa, with India alone accounting for over a quarter of all global cases in 2021.
According to the World Health Organization, approximately one-third of the global population is latently infected with Mycobacterium
tuberculosis, with nearly 10 million developing active disease annually and 3 million succumbing to its complications (12). Malnutrition
is a well-established immunosuppressive factor that exacerbates vulnerability to TB in people living with HIV. Conversely, TB infection
may precipitate nutritional deficiencies, thereby creating a bidirectional and worsening relationship. Targeted nutritional
supplementation, particularly with vitamins and trace elements like zinc, has demonstrated potential in reducing mortality among co-
infected individuals (13). Behavioral factors such as smoking further amplify the risk of TB in HIV-positive populations. Smoking
compromises pulmonary immune defenses, increases the likelihood of TB relapse, and elevates overall mortality risk in co-infected
individuals, highlighting the need for integrated behavioral interventions in clinical care (14). The symptomatology of TB varies with
its anatomical site, ranging from respiratory complaints in pulmonary TB to diverse presentations in extrapulmonary forms. Timely
identification and differentiation are vital, particularly in HIV-positive patients where disease progression is often rapid (15).

Transmission of TB is facilitated by conditions common in underprivileged settings, such as overcrowding, poor ventilation, and limited
public health infrastructure. Once inhaled, TB bacilli can persist within alveolar macrophages and form granulomas to contain infection.
However, in the context of HIV-induced immune suppression, these containment mechanisms fail, resulting in active disease (16,17).
Alarmingly, adolescents—typically considered a low-risk demographic—are increasingly affected by the dual burden of HIV and TB,
accounting for a significant proportion of disease-related deaths among individuals aged 10 to 24 (18). Accurate diagnosis of TB in HI'V-
infected individuals requires a comprehensive approach, incorporating clinical evaluation, radiographic imaging, and laboratory testing
including tuberculin skin tests (TST), interferon-gamma release assays (IGRA), sputum microscopy, and molecular diagnostics. Given
the accelerated disease course in HIV-positive individuals, early detection and empiric treatment are often warranted (19,20). Standard
TB therapy involves a prolonged antibiotic regimen, but drug resistance poses a formidable challenge, necessitating more individualized
and integrated treatment strategies. Coordinated HIV-TB care models have been shown to enhance clinical outcomes and should be
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prioritized in high-burden settings (21). Given the increasing burden of HIV-TB co-infection and its implications for clinical
management and public health, this study aims to explore the multifactorial determinants influencing the dual infection and evaluate the
effectiveness of integrated care approaches in improving patient outcomes.

METHODS

This study was designed as a cross-sectional investigation conducted at General Hospital Lahore over a period of four months following
the approval of the research synopsis. The primary objective was to assess the prevalence and associated factors of HIV-TB co-infection
among confirmed HIV-positive individuals. Ethical approval was obtained from the institutional review board (IRB) prior to data
collection and informed written consent was obtained from all participants in accordance with ethical research standards. The sample
size was calculated using the formula: n = z? x p(1-p) / d?, where z corresponds to the 95% confidence interval (1.96), p represents the
estimated prevalence of the population (0.10), and d is the margin of error (0.05). Substituting these values yielded a final sample size
of 60 participants, which was deemed adequate for the scope of this study. A non-probability convenient sampling technique was
employed to recruit participants. Eligibility criteria included individuals aged 20 years or older with a confirmed diagnosis of HIV. Only
those who provided informed consent were enrolled in the study. Participants were excluded if they had no documented history of either
HIV or tuberculosis, or if they were suffering from acute or severe medical conditions that could potentially interfere with study
procedures or compromise the validity of health outcomes. Data collection was performed using a structured proforma capturing
demographic data, clinical history, and diagnostic information related to HIV and TB status. Descriptive statistics were used to
summarize demographic variables and the prevalence of co-infection, including frequencies, percentages, means, and standard
deviations. The data were analyzed using appropriate statistical software, and statistical significance was set at a p-value of less than
0.05.

RESULTS

Out of the total 60 HIV-positive participants enrolled in the study, the prevalence of tuberculosis (TB) was notably high, with 83.3%
(n=50) having a prior diagnosis of TB. Among these, extra-pulmonary TB was more common than pulmonary TB, accounting for 58.3%
(n=35) compared to 41.7% (n=25), respectively. Despite the high burden of TB, only 40% (n=24) had completed TB treatment, whereas
60% (n=36) reported incomplete or interrupted treatment. With respect to antiretroviral therapy (ART), 70% (n=42) of participants were
currently on ART, while 30% (n=18) were not receiving ART at the time of data collection. A significant proportion exhibited poor
immunological status; 45.0% (n=27) had a CD4 count less than 200 cells/mm?, while 43.3% (n=26) had counts ranging from 200-349
cells/mm?, and only 11.7% (n=7) had CD4 levels above 349 cells/mm?. Other opportunistic infections were present in 71.7% (n=43) of
the sample, indicating severe immunosuppression in the majority of cases. Behavioral risk factors were also prevalent. Substance use
was reported by 66.7% (n=40), and 41.7% (n=25) of participants were smokers. Malnutrition was widespread, with a mean Body Mass
Index (BMI) of 18.42 + 1.05, ranging from 16.90 to 21.00, suggesting a generally undernourished population. Furthermore, 75% (n=45)
of participants had a history of household TB contact, reinforcing the role of close-contact transmission. Difficulty accessing healthcare
was reported by 78.3% (n=47), reflecting the structural challenges in care delivery for this population.

Table 1: Frequency of ART

Frequency Percent
Yes 42 70.0
No 18 30.0
Total 60 100.0
Table 2: CD4 Count
Frequency Percent
<200 27 45.0
200-349 26 433
>349 7 11.7
Total 60 100.0
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Table 3: Distribution of participants based on the presence of other opportunistic infections

Frequency Percent

Yes 43 71.7

No 17 28.3

Total 60 100.0
Table 4: History of TB

Frequency Percent

Yes 50 83.3

No 10 16.7

Total 60 100.0
Table 5: Type of TB

Frequency Percent

Pulmonary 25 41.7

Extra pulmonary 35 583

Total 60 100.0
Table 6: Statistics for the nutritional status (BMI)

N 60

Mean 18.4200

Std. Deviation 1.05426

Minimum 16.90

Maximum 21.00

Table 7: Distribution of Participants by TB Treatment Completion, Household Contact, Smoking, Substance Use, and
Healthcare Access

Variable Category Frequency Percent (%)
TB Treatment Completed Yes 24 40.0
No 36 60.0
Household TB Contact Yes 45 75.0
No 15 25.0
Smoking Status Yes 25 41.7
No 35 58.3
Substance Use Yes 40 66.7
No 20 333
Difficulty Accessing Healthcare Yes 47 78.3
No 13 21.7
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DISCUSSION

The present study provided critical insight into the demographic, clinical, and behavioral factors associated with tuberculosis (TB) co-
infection among individuals living with HIV. The high prevalence of TB in this cohort, particularly extra-pulmonary TB, aligns with
previous observations that immunosuppression in HIV patients alters the clinical manifestation of TB, increasing the likelihood of smear-
negative and disseminated forms. The predominance of extra-pulmonary TB in 58.3% of participants is consistent with global patterns
observed in HIV-positive populations, where declining CD4 counts compromise localized immune control, leading to more complex
presentations. The demographic distribution, with a significant proportion of participants aged between 3 5—44 years followed by those
over 45, indicates a heightened burden among middle-aged and older adults. This trend may reflect cumulative exposure risk, delayed
diagnosis, or progression from latent to active TB. Gender distribution was nearly balanced, suggesting that both men and women in
this setting face similar exposure risks and health-seeking behaviors. However, structural and sociocultural variables may influence
outcomes differently, which future studies should explore further. Behavioral risk factors such as smoking, alcohol consumption, and
substance use were prominent in this study population (20-22). A total of 66.7% reported substance use, 41.7% were smokers, and 48.3%
consumed alcohol. These behaviors are known to impair immune function, reduce adherence to ART and TB therapy, and contribute to
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faster disease progression. These findings highlight the need for integrated behavioral health interventions as part of routine HIV-TB
care. Additionally, the mean BMI of 18.4 reflects prevalent malnutrition, a known risk factor for poor immunological response and
increased susceptibility to infections. Malnutrition can also delay recovery and increase mortality in co-infected individuals, supporting
calls for nutritional assessment and intervention as standard care components.

Only 51.7% of participants were on TB preventive therapy, and a considerable 60% had not completed TB treatment. These figures
underscore systemic gaps in preventive healthcare delivery and treatment continuity. Non-completion of TB therapy increases the risk
of drug-resistant TB, posing a serious public health threat. The fact that the sputum smear remained the most frequently used diagnostic
method (43.3%) further indicates limited diagnostic capacity, especially in detecting extra-pulmonary or smear-negative TB, which are
common in immunocompromised individuals. Expanding access to rapid molecular diagnostics and chest imaging is essential for timely
and accurate detection. Comparative literature supports these findings. A systematic review and meta-analysis conducted in Ethiopia
identified a pooled TB-associated mortality rate of 16.2% among people living with HIV, emphasizing the compounded risk of death
from co-infection (23,24). Risk factors included advanced WHO clinical stages, anemia, and missed preventive therapy. The analysis
also emphasized the need for consistent TB screening, early diagnosis, and nutritional counseling to reduce mortality. This study supports
these conclusions, particularly the importance of preventive therapy and nutritional interventions (24). Despite its contributions, the
study has several limitations. The use of non-probability convenience sampling reduces the generalizability of findings, and the cross-
sectional design restricts causal inference. Furthermore, certain important variables such as duration of HIV diagnosis, ART adherence
rates, viral load measurements, and WHO clinical staging were not assessed, limiting the ability to fully evaluate disease progression
and treatment outcomes. The reliance on self-reported behavioral data may have introduced response bias, particularly concerning
stigmatized behaviors such as substance use. Nonetheless, this study’s strengths lie in its comprehensive exploration of both clinical and
behavioral factors, offering a more holistic understanding of the HIV-TB syndemic. The integration of nutritional status, healthcare
access, and household TB exposure enhances the contextual depth of the findings. Future research should employ longitudinal designs,
incorporate broader diagnostic and laboratory data, and evaluate the effectiveness of integrated care interventions (25). Emphasis should
also be placed on strengthening community-level awareness, improving diagnostic capabilities, and supporting adherence through
behavioral health and nutritional support services. Overall, the findings reinforce the multifactorial nature of HIV-TB co-infection and
the urgent need for patient-centered, multidisciplinary approaches that address clinical, behavioral, and systemic determinants in high-
burden settings.

CONCLUSION

This study concludes that the intersection of HIV and tuberculosis remains a significant public health concern, particularly when
compounded by behavioral risk factors and systemic barriers. Despite efforts in antiretroviral and preventive care, co-infected
individuals continue to face challenges including incomplete treatment, poor adherence, and limited access to healthcare. The findings
emphasize the necessity of adopting integrated, patient-centered strategies that go beyond clinical management to address the broader
social, behavioral, and structural determinants influencing health outcomes in HIV-TB co-infected populations.
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