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Abstract

Objective
To analyze the risk factors of acquired immunode�ciency syndrome(AIDS)complicated with pulmonary
tuberculosis PTB , so as to provide a reference for better treatment and prevention .

Methods
A retrospective analysis of 939 AIDS patients admitted to our hospital from January 2016 to January
2021 was divided into AIDS combined PTB group (group A, 68 cases) and AIDS group (group B, 871
cases) according to whether they were complicated with PTB. The clinical and laboratory data were
analyzed and compared between the two groups.

Results
There were no signi�cant differences between the two groups in gender, residence, occupation, annual
income, educational level, marital status, drinking history, history of diabetes, history of BCG vaccination,
homosexuality, and whether there were multiple sexual partners at the same time (P > 0.05). ). There were
signi�cant differences in smoking history and the number of CD4 + cells (200 cells/mm3 as the
boundary), with χ2 = 8.98 and χ2 = 9.65, respectively, P < 0.05.

Conclusion
Smoking history and CD4 + cell count < 200 cells/mm3 were risk factors for AIDS complicated with PTB.

Introduction
Human immunode�ciency virus (HIV) and tuberculosis (TB) are serious infectious diseases and are
among the top ten causes of death globally[1]. Among them, TB aggravates the progress of acquired
immunode�ciency syndrome (AIDS) by increasing the level of HIV replication and transmission[2], and is
the most important cause of HIV morbidity and mortality[3, 4]. Furthermore, HIV infection greatly
increases the risk of developing TB due to the disruption of the immune response and the loss of the
host's ability to resist M. tuberculosis infection[5]. According to the 2020 Global Tuberculosis Control
Report, there were approximately 10 million TB patients worldwide in 2019, of which 1.2 million TB
deaths were among HIV-negative people, and an additional 208,000 people died from TB/HIV [6]. TB co-
infection with HIV increased TB mortality and reduces cure rates and treatment success rates [7]. In
addition, TB was the "number one killer" of HIV-infected patients, and about 30%-40% of HIV-infected
patients eventually die from TB [8]. Therefore, the risk factors and treatment and prevention of HIV/TB
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infection should be paid enough attention. Pulmonary tuberculosis (PTB) is the most common form of
TB. This article retrospectively analyzed the data of patients with AIDS alone and AIDS combined with
PTB admitted to the Fifth Hospital of Shijiazhuang from 2016-1 to 2021-01, and observed the risk factors
leading to AIDS/PTB, in order to provide a reference for better prevention and treatment.

Patients And Methods
Patients

The clinical and imaging data of AIDS alone and AIDS combined with PTB in Shijiazhuang Fifth Hospital
from 2016-01 to 2021-01 were retrospectively analyzed, a total of 939 cases. Inclusion criteria: The
diagnosis of PTB [9] and the diagnosis of AIDS [10] met the criteria of diagnosis and treatment
guidelines. Exclusion criteria: combined with immunode�ciency diseases other than AIDS; combined with
respiratory system infections other than PTB; serious underlying diseases, such as heart failure, liver and
kidney failure, etc.; mental illness or impaired consciousness; patients with malignant tumors.The study
design was approved by the institutional review board of the Shijiazhuang Fifth Hospital before data
collection and analysis. All patients agreed to the trial protocol and informed consent was obtained from
them.

Methods

In this study, a case-control study was adopted, and the patients were divided into AIDS/PTB (group A, 68
cases) and AIDS group (group B, 871 cases) according to whether or not PTB was combined. The clinical
data and laboratory test results between the two groups were analyzed and compared. Including gender
(male or female), residence (rural or urban), occupation (stable occupation or freelance /unemployed),
annual income (30,000 RMB as the boundary), education level (college degree or below), marital status
(married or unmarried /divorced), smoking history (yes or no), drinking history (yes or no), diabetes (yes or
no), history of BCG vaccination (yes or no), homosexuality (yes or no), multiple sexes partner (yes or no),
number of CD4+ cells (200 cells/mm3 as the boundary).

Statistical analysis

SPSS 17.0 was used for related data analysis and processing, and the count data was tested by χ2, and
P<0.05 was considered statistically signi�cant.

Results
It can be seen from Table 1 that there is no statistical difference between group A and group B in terms of
gender, residence, occupation, annual income, educational level, marital status, drinking history, diabetes
history, BCG vaccination history, homosexuality, and whether there are multiple sexual partners at the
same time. signi�cance, P > 0.05. In terms of smoking history, χ2 = 8.98, P < 0.05, the difference was
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statistically signi�cant. In terms of the number of CD4 + cells (200 cells/mm3 as the boundary), χ2 = 9.65,
P < 0.05, the difference was signi�cant.
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Table 1
Comparison of clinical data and laboratory tests between the two groups (939 cases)

Risk factors Group A (68
cases)

Group B (871
cases)

χ2

value
P
value

Gender Male 47 512 2.80 0.05

Female 21 359

Residence Rural 18 180 1.28 0.05

Urban 50 691

Occupation Stable 21 192 2.81 0.05

freelance
/unemployed

47 679

Annual income ≥30,000 RMB 31 361 0.44 0.05

30,000 RMB 37 510

Educational level College 29 410 0.50 0.05

Below 39 461

Marital status Married 23 332 0.49 0.05

Unmarried /
Divorced

45 539

Smoking history Yes 43 387 8.98 0.05

No 25 484

Drinking history Yes 39 462 0.47 0.05

No 29 409

Diabetes history Yes 16 162 1.00 0.05

No 52 709

BCG vaccination
history

Yes 65 845 0.43 0.05

No 3 26

Homosexuality Yes 23 321 0.25 0.05

No 45 550

Multiple sexes
partner

Yes 26 342 0.03 0.05

No 42 529

Number of CD4 + 
cells

≥ 200 cells/mm3 42 369 9.65 0.05
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Risk factors Group A (68
cases)

Group B (871
cases)

χ2

value
P
value

200 cells/mm3 26 502

Discussion
AIDS patients are prone to opportunistic infections after the immune system is destroyed by HIV virus,
and PTB is one of the most common opportunistic infections. A total of 939 AIDS patients were included
in this study, of which 68 (7.24%) were combined with PTB, which was slightly lower than that in parts of
Tanzania (8.5%) [11] and signi�cantly lower than that in Ethiopia (27.7%) [12]. HIV/TB co-infection is not
a simple superposition of the two diseases, but a mutually reinforcing process, resulting in a signi�cantly
higher mortality risk in co-infected patients than in pure HIV or TB infection [13]. HIV infection increases
the risk of TB from latent infection to active TB by 30 times. HIV-negative Mycobacterium tuberculosis
infected people have a 10% chance of developing active TB in their lifetime, while HIV-positive people
have a 15% chance of developing active TB within 1 year [14]. Studies have found that speci�c CD4 + T
lymphocytes are �rst decreased in HIV-infected TB patients, and HIV infection can lead to severe and
rapid pulmonary interstitial CD4 + T lymphocyte loss. Loss of interstitial CD4 + T lymphocytes, especially
effector memory CD4 + T lymphocytes and M. tuberculosis-speci�c CD4 + T lymphocytes, may be an
important factor contributing to the increased risk of transmission of TB infection [15, 16]. After the body
is infected with Mycobacterium tuberculosis, the immune activation is increased, and the release of
cytokines such as IFN-γ, TNF-α, interleukin-1 (IL-1), and IL-2 is increased, and the toxicity of natural killer
cells is reduced, so that the HIV replication is enhanced and variability increases [17, 18]. Therefore,
exploring the risk factors of AIDS complicated with PTB is of great signi�cance to prevent the occurrence
of PTB in AIDS in the later stage.

There are also many reports on factors associated with AIDS complicated by PTB, such as CD4 + cell
count, type of tuberculosis, smoking, body mass index, place of residence, compliance, and educational
level [19–23]. Through retrospective analysis, this study found that AIDS/PTB and AIDS groups were not
signi�cantly different in gender, residence, occupation, annual income, educational level, marital status,
drinking history, history of diabetes, history of BCG vaccination, homosexuality, and the presence of
multiple sexual partners at the same time. However, the differences in smoking history and CD4 + cell
count were signi�cant and statistically signi�cant.

Smoking is signi�cantly associated with PT and increases the risk of death during PT treatment [24–28].
In addition, smoking increases the severity of PT, affects its treatment e�cacy, and predisposes to
relapse, while smoking cessation may reduce the risk of relapse and secondary transmission [29]. Studies
have found that the biological mechanism by which smoking increases PTB susceptibility may be related
to changes in cellular and humoral immune responses [30]. To a certain extent, smoking can alter
mucociliary clearance and inhibit the phagocytic activity of monocytes, thereby increasing the risk of PTB
in patients [31–33] and increasing the probability of PTB treatment failure [34]. In addition, smoking is
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also a risk factor for HIV/AIDS, increasing its morbidity and mortality, and increasing the risk of co-
infection with TB [35]. Smoking impairs the immune activation and function of T cells, and co-infection
with HIV can lead to more severe immune damage [36], thereby increasing the risk of PTB [37].

The main target cells invaded by HIV-infected patients are CD4 + T cells, which lead to a decrease in the
number of CD4 + T cells and thus destroy the body's immunity. In AIDS patients, the level of CD4
lymphocytes in peripheral blood is signi�cantly correlated with the immune status of the body. When the
CD4 lymphocyte count decreases, the body's defense mechanism can be destroyed, making various
opportunistic infections more likely to occur [38]. Studies have found that the severity of AIDS patients
and the quality of prevention are related to the number of CD4 + T lymphocytes. The fewer CD4 + cells, the
more severe the patient's immune function damage, the more atypical clinical manifestations of the
patient with PTB, and the probability of other opportunistic infections in the patient will increase
signi�cantly [39]. In addition, the level of CD4 + cells in peripheral blood can be used to evaluate the level
of the immune status of the body. When the number of CD4 + cells is less than 200 cells/mm3, it
indicates that HIV-infected patients enter the AIDS stage, and the CD4 count < 200 cells/mm3 can be used
as the cutoff for typical HIV co-infection [40]. This study found that the number of CD4 + cells < 200/mm3
was a risk factor for AIDS/PTB. Nie et al. [41] conducted a study on 19,512 AIDS patients and found that
1,109 patients had PTB, and the infection rate was 5.68%. Among them, AIDS patients with a baseline
CD4 value of ≤ 200 was more prone to PTB co-infection. Du et al. [42] found that AIDS patients with a
history of tuberculosis had a risk of developing tuberculosis 12.76 times that of those without a history of
tuberculosis, and the risk of tuberculosis in AIDS patients with the recent CD4 value ≥ 200 cells/µl was
0.34 times that of those with CD4 value < 200 cells/µl. Therefore, it is recommended to pay attention to
the TB screening of AIDS patients, and to strengthen the follow-up of AIDS patients with a history of TB
and the latest CD4 < 200 cells/µl to prevent the occurrence of TB. Mo et al. [43] analyzed and compared
the data of AIDS and AIDS/PTB patients and found that there were statistically signi�cant differences in
CD4 + lymphocyte count, clinical features, and chest CT �ndings (P < 0.05), suggesting that the decrease
of CD4 + T lymphocytes plays an important role in the evolution of AIDS complicated with PTB disease.

The Mycobacterium tuberculosis rpoB gene and mutation detection kit (Xpert MTB/RIF) technology can
rapidly and sensitively detect Mycobacterium tuberculosis-speci�c nucleic acid and rifampicin resistance
gene rpoB and has been vigorously promoted [44–46]. Further research found that the Xpert MTB/RIF
detection technology in bronchoalveolar lavage �uid has high application value in the diagnosis of
HIV/PTB patients, and it is a rapid, time-saving, highly sensitive and speci�c detection method for rapid
detection of Mycobacterium tuberculosis[47]. At present, the preferred treatment strategy for patients with
AIDS and PTB co-infection is: rifampicin-based anti-tuberculosis regimen combined with efavirenz plus
two nucleoside reverse transcriptase inhibitors antiviral regimen. Susceptible tuberculosis bacteria are
usually treated with isoniazid + rifampicin/rifabutin + ethambutol + pyrazinamide for 2 months of
intensive treatment, followed by isoniazid + rifampicin/rifabutin regimen 4 months of consolidation
therapy. Regardless of the patient's immune status, it is recommended to start highly active antiretroviral
therapy (HAART) as soon as possible, and anti-tuberculosis therapy should be performed �rst, followed
by HAART. For patients with severe immunode�ciency with CD4 + T lymphocytes < 50/µl, it is
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recommended to start HAART within 2 weeks of anti-tuberculosis; for patients with CD4 + T lymphocytes 
≥ 50/µl, it is recommended to start HAART as soon as possible within 8 weeks[10]. Studies also found
that active ART was signi�cantly associated with increased CD4 counts in HIV-infected individuals [48]
and reduced the incidence of TB [49.50]. Sanhueza-Sanzana et al. [51] found that among Chilean AIDS
patients, the survival rate of PT-infected patients was lower, especially for those patients with delayed
initiation of ART. In a meta-analysis, Burke et al. [52] found that starting ART earlier (≤ 4 weeks) had no
signi�cant effect on mortality compared with later (> 4 weeks). In HIV with CD4 ≤ 50 cells/mm3, early
ART reduced mortality. However, if CD4 > 50 cells/mm3), early ART may not have a signi�cant effect on
death. In March 2021, World Health Organization recommended that antiretroviral therapy (ART) should
be started within two weeks of TB treatment start, at any CD4 count[53]. The prevention of AIDS and TB
co-infection can be carried out through two-way screening, publicity and education, multi-sectoral
cooperation, and TB preventive treatment for HIV-infected patients if necessary[54].

Limitations Of The Study
This study also has certain limitations. First, it is a retrospective analysis study, with a relatively small
number of cases and incomplete relevant content. For example, the transmission route and drug
treatment were not included in the research. Secondly, in the statistics of the history of BCG vaccination,
there is a certain bias in the use of BCG scars on the shoulders of patients who cannot be identi�ed as
the basis for vaccination. We will continue to expand the sample size and research content in the future.

Conclusions
In conclusion, this study found that smoking history and CD4 + cell count < 200 cells/mm3 were risk
factors for AIDS complicated with PTB. In the future, PTB screening and prevention should be carried out
in HIV/AIDS infected patients to effectively reduce the occurrence of PTB co-infection.

Abbreviations
AIDS: Acquired immunode�ciency syndrome; PTB: pulmonary tuberculosis; ASD: human
immunode�ciency virus; HAART: highly active antiretroviral therapy.
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