Zhou et al. BMC Public Health ~ (2024) 24:3551 BMC Public Health
https://doi.org/10.1186/512889-024-21019-1

Check for
updates

The asymptomatic tuberculosis proportion
among the elderly population: a systematic
review and meta-analysis

Yiging Zhou'", Fei Wang?', Songhua Chen?, Yu Zhang? Wei Wang?, Qian Wu?, Dan Luo', Yuxiao Ling?, Yang Li*,
Luyu Wang®, Jingru Wei®, Bin Chen?’, Canyou Zhang®”" and Kui Liu*®"

Abstract

Background The elderly population is a high-risk group for tuberculosis, and increasing evidence demonstrates

a comparatively high proportion of asymptomatic tuberculosis in this group. This study aimed to determine the
proportion of asymptomatic tuberculosis among patients with active tuberculosis through active case finding in the
elderly population.

Materials and methods \We searched for relevant articles published from the establishment of each database

to December 31, 2023 in Web of Science, PubMed, VIP database, Chinese National Knowledge Infrastructure, and
Wanfang database. The studies’ quality was assessed using the Agency for Healthcare Research and Quality’s criteria.
We used the /statistic and Q test to evaluate heterogeneity across the included studies. We employed subgroup
analysis, sensitivity analysis, and meta-regression to pinpoint sources of heterogeneity. Moreover, Begg's and Egger’s
tests were employed to detect any potential publication biases.

Results Nine studies involving 364,260 elderly individuals met the criteria for the analysis. In active case

finding, the proportion of asymptomatic tuberculosis in the elderly population was 67.7% (95% Cl: 54.7-79.5%,
I2random effects model = 90.197, P<0.001). The subgroup analysis revealed that the proportion of asymptomatic
tuberculosis in high-burden countries was high, at 66.3% (95%Cl: 52.5-78.9%, P < 0.001). Studies using multiple
screening strategies including chest X-ray showed a higher percentage of asymptomatic patients, at 67.6% (95%
Cl:51.1-82.1%, P<0.001). However, in studies conducted after 2019 and studies with large sample sizes (> 15,000),
the proportion of asymptomatic tuberculosis decreased (54.3%, 95%Cl: 48.6—-60.1%; and 62.3%, 95%Cl: 45.9-77.4%,
respectively).
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Conclusions The latest results revealed a significantly high percentage of elderly individuals with asymptomatic
tuberculosis. This study highlighted the importance of mass screening to identify active tuberculosis cases in this
specific group which could help health policymakers develop better strategies to reduce the burden of tuberculosis

in the elderly population.

Keywords Asymptomatic tuberculosis, Active tuberculosis, Active case finding, Elderly

Background

Tuberculosis (TB) is a major global health concern.
According to the Global Tuberculosis Report 2023,
the estimated number of TB cases globally in 2022 is
10.6 million, equivalent to that in 2021, but showing
an increasing trend compared with 2020 [1]. In some
countries, such as South Korea, the elderly population
accounts for a relatively large proportion, showing that
between 2001 and 2018, the number of TB cases in the
elderly population aged>65 years was consistently high
as well [2]. Additionally, as a country with a high TB bur-
den, China’s data from the fifth national TB epidemiolog-
ical sampling survey showed that the prevalence rate of
active TB among the elderly aged 265 years was 1,270 per
100,000, significantly higher than that in other age groups
[3]. Factors such as a weakened immune system due to
aging, inadequate nutrition, low socio-economic status,
lack of healthcare access, diabetes, and other adverse
health conditions raise the likelihood of TB in this spe-
cific group. Consequently, as the global population ages,
TB has become an increasingly critical concern requiring
heightened focus [4—11]. Addressing the prevention and
control of TB in older adults is essential to mitigate the
broader impact of this disease.

The elderly, with generally weaker health and declining
physiological functions, often experience reduced resis-
tance and compromised respiratory function. This can
result in a diminished cough reflex and a muted response
to pneumonia, thereby leading to fewer noticeable respi-
ratory symptoms compared to younger patients, mak-
ing the condition more difficult to detect [12]. For TB,
avaiable findings showed that approximately 2/5 of
elderly patients have no symptoms, in which some may
excrete a large amount of Mycobacterium tuberculosis
(MTB) in their sputum [3]. That is to say, although these
patients do not show symptoms, they can become hidden
sources of transmission in their daily lives and pose risks
to social communication.

Active case finding (ACF), provided by health institu-
tions using methods such as symptom screening, chest
radiography, and/or pathogen identification, was crucial
for identifying active TB. It could also provide opportu-
nities for early detection, intervention, and treatment,
thereby reducing TB spread at a household and commu-
nity level. Increasing asymptomatic active TB cases were
identified through the ACF strategy using mass screen-
ing in community level. The purpose of this study was to

conduct a systematic review and meta-analysis to deter-
mine the proportion of asymptomatic TB.

Materials and methods

This systematic review and meta-analysis was carried
out following the guidelines set by the Preferred Report-
ing Items for Systematic Reviews and Meta-analyses
(PRISMA) standards (Table S1). The study has been offi-
cially recorded with PROSPERO and can be identified by
the registration number CRD42024557826.

Literature search strategy

We performed a computer-assisted literature search
across several databases, including PubMed, Web of Sci-
ence, VIP database, Chinese National Knowledge Infra-
structure (CNKI), and Wanfang database - spanning
from the date of database inception until December 2023.
This literature search aimed to identify articles reporting
the proportion of asymptomatic TB in the elderly popu-
lation using ACE. The search terms used included (“active
case finding” OR “ACF” OR “active case screening” OR
“mass screening” OR “active screening”) AND (“pulmo-
nary tuberculosis” OR “PTB” OR “tuberculosis” OR “TB”)
AND (“elderly” OR “aged”).

Eligibility criteria

The inclusion criteria were as follows: (1) Studies report-
ing the number of active TB cases, including both clini-
cally diagnosed and bacteriologically confirmed cases
that based on diagnostic criteria in different countries
among the elderly population through active case find-
ing. For instance, in China, a clinical diagnosis of TB is
determined by chest imaging showing lesions indicative
of active pulmonary TB (PTB), provided that other lung
conditions are ruled out. Additionally, at least one of the
following criteria must be met: The patient reports TB-
related symptoms such as cough, sputum production,
or hemoptysis; a tuberculin skin test yields moderate
or greater reactivity, a gamma-interferon release assay
is positive; an MTB antibody test is positive; extrapul-
monary tissue pathology confirms TB; bronchoscopy
shows TB-like changes; or exudative pleural effusion with
increased adenosine deaminase levels is present. Bacte-
riologically diagnosed TB is characterized by a positive
result from a TB smear, culture, or other rapid diagnos-
tic tests approved by the WHO, such as Xpert MTB/
RIF; (2) studies reporting the number of asymptomatic
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TB cases among the elderly population. Asymptomatic
TB was defined as disease caused by viable MTB bac-
teria without clinical signs of TB, such as coughing up
sputum for more than 2 weeks, night sweats, emaciation,
hemoptysis, fever, malaise, chest tightness, chest pain,
and anorexia, but with abnormalities detectable through
radiographic imaging or microbiological assays; (3) stud-
ies that specifically mention the screening approach and
the year screening was initiated.

The exclusion criteria were as follows: (1) Meta-analy-
ses, reviews, case reports, meeting abstracts, or editori-
als; (2) studies not published in English or Chinese.

Data extraction

Y. Z and F. W evaluated the eligibility of the articles for
inclusion. When disagreements arose, K. L, the third
reviewer, made the final decision. Y. Z and F. W inde-
pendently extracted data from the articles, including
information such as the first author’s name and the publi-
cation year, country, study area, study design, study year,
sample size, the number of active TB and asymptomatic
TB cases in the elderly population, definition of symp-
tomatic TB, and screening strategy. A provisional data
extraction form was provided in Table S2. The initial data
extraction tool was adjusted as required while extracting
data from each article.

Risk of bias assessment and assessment of study quality
We used an Agency for Healthcare Research and Quality
(AHRQ) tool for the quality assessment of cross-sectional
studies, with a maximum score of 11 [17]. The AHRQ
tool consisted of an 11-item checklist. If a question was
answered “NO” or “UNCLEAR’, the item received a score
of “0”; and if the reply was “YES’, the item received a
score of “1”. Article were graded low quality if the score
was 0—3, moderate quality if the score was 47, and high-
quality if the score was 8—11.

Definition

30 high-burden countries include 20 nations with the
highest absolute number of new TB cases and the top 10
countries with the highest TB incidence rates that are not
among the former top 20 [18].

Statistical analysis

Data processing was performed using Stata version 18.
The original studies utilized the number of active and
asymptomatic TB cases screened by the ACF among the
elderly population to calculate the proportion of asymp-
tomatic TB among active TB patients. Statistical hetero-
geneity was assessed using Q and I° statistics. During
heterogeneity tests, a random-effects model was applied
when P<0.1, while a fixed-effects model was used
when P>0.1. Heterogeneity detection employed three
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methods: subgroup analysis encompassing the screening
start year (2019 or before vs. after 2019), study country
(high-burden countries vs. non-high-burden countries),
screening strategy (chest X-ray (CXR) only vs. CXR and
others), and sample size (< 15,000 vs. > 15,000); sensitivity
analysis was performed by progressively excluding each
study and recalculating the pooled effect. Additionally,
meta-regression analysis was used to pinpoint sources of
heterogeneity. To assess publication bias, we employed
Begg’s test and Egger’s linear regression test.

Results

Selection and characteristics of study publication

We identified a total of 1259 potential articles through
searches in the PubMed, Web of Science, VIP, CNKI,
and Wanfang databases. Following a thorough screening
process, we selected nine articles for inclusion (Fig. 1).
These articles were published from the inception of the
databases up until December 2023 [19-27]. Table 1 illus-
trated that the studies were commenced between 2010
and 2021, with participant sample sizes varying from
453 to 186,096. Among the nine included studies, eight
(88.89%) were conducted in countries with a high TB
burden. Overall, 364,260 elderly individuals, 644 patients
with active TB, and 428 asymptomatic TB patients were
included in this analysis. Among them, two studies used
only one screening strategy (CXR) to screen the popula-
tion, while the other seven studies used multiple screen-
ing strategies.

Quality of the included studies

After the studies’ quality assessment, the nine cross-
sectional studies were rated moderate to high (Table S3).
The deduction items were concentrated in 5, 7, 9, and 11.

Asymptomatic TB proportion among the elderly
population

The pooled results showed that the proportion of asymp-
tomatic TB among elderly patients with active TB was
0.677 (95% CIL: 0.547-0.795, P, ,.iom effects moder=90-197,
P<0.001) (Fig. 2). The subgroup analyses results were
shown in Table 2. Among these, the combined results of
seven studies conducted in or before 2019 indicated that
the proportion of asymptomatic TB was 0.723 (95% CL:
0.581-0.847, P<0.001) [20, 21, 23-27]. Two other stud-
ies conducted after 2019 showed a proportion of 0.543
(95% CI: 0.486-0.601, P<0.001) [19, 22]. The percent-
age of asymptomatic patients when active screening was
performed in high-burden countries was 0.663 (95%
CI: 0.525-0.789, P<0.001). Two studies used only one
screening strategy, while seven studies used multiple
strategies including CXR and others. Studies using multi-
ple screening strategies including CXR revealed a higher
percentage of asymptomatic patients at 0.676 (95% ClL:
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Fig. 1 Flow diagram of the study selection

0.511-0.821, P<0.001). Regarding sample size, when it
was <15,000, the combined study results showed a pro-
portion of 0.706 (95% CI: 0.523-0.862, P<0.001) [20, 21,
24-27]. When the sample size was 215,000, the propor-
tion was 0.623 (95% CI: 0.459-0.774, P<0.001) [19, 22,
23].

Potential publication bias

We used Begg’s funnel plots and conducted an Egger’s
linear regression test (Fig. 3) to assess possible publica-
tion bias. Both Begg’s and Egger’s tests yielded consistent
results, indicating the absence of any substantial publica-
tion bias (P = 0.466, P = 0.259). Additionally, the aggre-
gated data from previous studies revealed a significant
difference in the prevalence of asymptomatic pulmonary
tuberculosis among the elderly. We conducted a sub-
group analysis using four variables: sample size, study
country, screening strategy, and study start year. We
also conducted a meta-regression analysis incorporating
covariates, such as sample size (P=0.005), study country
(P=0.051), screening strategy (P=0.048), and study start

year (P=0.002). A sensitivity analysis was conducted for
the specified group (Figure S1).

Discussion

Still, the effective implementations for TB prevention and
control were to identify TB cases more efficiently with
sufficient treatment. Increasing evidence indicated that
asymptomatic TB had accounted for a certain propor-
tion in the general population [15]. Because these groups
had no obvious symptoms related to TB, they generally
did not seek healthcare, thereby causing unwitting trans-
mission in the household and community. Meanwhile,
previous studies had demonstrated that poor adherence
to TB treatment commonly occurred among mild to
moderate patients, implying a possible lower treatment
compliance among asymptomatic group, especially in the
elderly population along with complications such as dia-
betes and renal insufficiency [28, 29]. In order to achieve
the goal of “End TB’, it was urgent to implement more
comprehensive countermeasures and actions to improve
the findings of asymptomatic patients, accompanied by
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Table 1 Characteristics of the studies related to asymptomatic tuberculosis proportion in the elderly population

Study  Study Studydesign Country  Area Sample No. of No.of Screening strategy = Symptom
year size Asymp- active
tomatic TB
TB
Zhang 2013 Cross-section- China Shandong 93,094 65 82 Questionnaire survey, /
[23] al study Province and CXR.
Hu[19] 2021 Cross-section-  China Zhejiang 49399 57 115 Questionnaire survey, Cough, expectoration,
al study Province physical examinations hemoptysis, fever, fatigue.
and CXR.
Kim [21] 2017  Cross-section- Korea South Korean 12402 13 16 CXR. /
al study Province
Chen 2017 Cross-section- China Guizhou 1119 23 38 Questionnaire survey  Cough, expectoration,
[26] al study Province and CXR. hemoptysis or bloody
sputum, fever, chest pain,
night sweats, etc.
Zhao 2010- Cross-section- China Guangxi Province 10325 73 80 Questionnaire survey, /
[25] 2014 alstudy CXR, and sputum
examination.
Zhang 2016  Cross-section- China Shanxi Province 2053 9 27 Suspicious symptom  Cough, expectoration,
[24] al study screening and CXR. etc.
Jiang 2019  Cross-section-  China Chongging 453 10 16 Suspicious symptom  Cough, expectoration,
[20] al study Municipality screening and CXR. etc.
Wang 2020  Cross-section- China Zhejiang 186,096 100 174 CXR. Cough, expectoration,
[22] al study Province production, fatigue, loss
of appetite, reduced body
weight, chest pain, he-
moptysis, night sweating.
Chen 2011- Cross-section- China Zhejiang 9319 78 96 CXR, sputum smear ~ /
[27] 2012 alstudy Province; Henan and sputum culture.

Province; Yunnan
Province

adequate health education, nutrition support, and psy-
chological interventions [30].

ACF based on CXR for TB detection provided addi-
tional possibilities for identifying asymptomatic elderly
patients. Several studies found that ACF could shorten
the patient’s delay compared to passive case finding,
thereby avoiding disease deterioration, improving treat-
ment success rate of treatment, and reducing the occur-
rence of complications [31-33]. Unlike screening for
non-communicable diseases, carrying out ACF for TB
in the elderly could promote timely treatment and also
provide additional benefits for the whole community,
with significant public health benefits. Additionally, ACF
among the elderly for TB detection could provide more
opportunities for early disease detection in people with
insufficient medical security, thereby improving medical
equity [19].

In the nine studies we included, ACF was performed
based on CXR, and seven of them added other screen-
ing tools, such as suspicious symptoms screening and
sputum examination. To our knowledge, only symptom
screening was easy to perform but had low sensitivity and
specificity, while ACF with CXR had higher sensitivity
and specificity than symptom screening [34, 35]. Further-
more, our results showed that the combined screening

strategy based on CXR identified a higher percentage of
asymptomatic patients than the single screening strategy
suggesting that the former might result in a higher detec-
tion rate of asymptomatic active TB. Simple CXR screen-
ing might ignore active patients with TB who had normal
chest radiographs but are bacterialized [35, 36]. Con-
sequently, with the development of tongue swabs and
mixed test technologies, new methods with more sensi-
tivity and specificity needed to be applied to the commu-
nity screening scenario to improve the detection of active
TB [37].

The studies we included were conducted in vari-
ous areas, with the majority being community-based.
Some articles targeted the entire elderly population in
selected areas, while others used random samples of
people within selected areas. When ACF was performed
in smaller sample size (<15,000), a higher proportion
of asymptomatic TB cases was observed compared to
all studies we included. This may because these studies
were carried out in smaller scale or sampled populations,
potentially implying a more rigorous design and a higher
quality control during the screening, thereby increasing
the number of symptomatic TB cases and consequently
lowering the proportion of asymptomatic patients. Addi-
tionally, in studies with smaller sample sizes, sampling
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Fig. 2 Asymptomatic tuberculosis proportion in the elderly population analyzed by the Forest plot

Table 2 Subgroup analysis of asymptomatic tuberculosis proportion in the elderly population

Subgroup analysis type No. of studies Effect size M Heterogeneity

ES [95%Cl] PES 12 (%) PH
All studies 9 0.677[0.547,0.795] <0.001 R 90.197 <0.001
Subgroup analysis by sample size
<15,000 4 0.706[0.523,0.862] <0.001 R 88.033 <0.001
>15,000 0.623[0.459,0.774] <0.001 NA NA NA
Subgroup analysis by study country
High-burden countries 8 0.663[0.525,0.789] <0.001 R 91.285 <0.001
Non-high-burden countries 1 0.813[0.544,0.960] <0.001 NA NA NA
Subgroup analysis by screening strategy
CXR only 2 0.598[0.525,0.669] <0.001 NA NA NA
CXR and others 7 0.676[0.511,0.821] <0.001 R 91.526 <0.001
Subgroup analysis by study start year
Before 2019 7 0.723[0.581,0.847] <0.001 R 85.711 <0.001
After 2019 2 0.543[0.486,0.601] <0.001 NA NA NA

bias among certain individuals or groups might have
influenced the outcomes.

In 2022, 30 high-burden TB countries accounted for
87% of all global TB cases [1]. Most of these countries
had incidence rates between 150 and 400 per 100,000,
with rates above 500 per 100,000 in countries such as
the Central African Republic and the Democratic Peo-
ple’s Republic of Korea. Some studies have shown that
insidious TB, such as that in asymptomatic patients, was
challenging to control [38]. Our findings revealed that

eight of the studies included in this research were car-
ried out in China, a nation facing a significant burden
of TB. The proportion of asymptomatic patients was as
high as 66.3%, while one study was conducted in Korea
[21]. Given the limited research outside China, conduct-
ing more active screening in other countries providing
details of asymptomatic cases in the elderly was neces-
sary to obtain a more reliable estimation. Furthermore,
high-burden countries should conduct pertinent stud-
ies to examine the proportion of asymptomatic TB cases
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Fig. 3 Begg's funnel plot and Egger’s linear regression test of asymptomatic tuberculosis proportion in the elderly population. No publication bias was

detected

among elderly individuals across diverse genetic and
socioeconomic contexts.

Our study showed there was a decreasing trend in the
proportion of asymptomatic TB cases detected through
ACEF after 2019, compared to before 2019. More than
half of TB patients with COVID-19 exhibit symptoms, as
indicated by a study [39]. Therefore, we hypothesized that
the decrease could be linked to the COVID-19 pandemic,
possibly resulting in a higher prevalence of symptoms
in certain elderly TB patients co-infected with COVID-
19. As previously mentioned, TB symptoms were often
not obvious in the elderly population. With the ongoing
COVID-19 pandemic before 2023, a significant propor-
tion of patients had contracted the virus; the common
symptoms overlapped significantly with those of TB, and
distinguishing between the two was difficult [40]. There-
fore, when co-infection with COVID-19 and TB occurred
in the elderly population, the rate of symptom detection
in the elderly population might increase, leading to a
temporary decline in the proportion of asymptomatic TB
cases after 2019.

Overall, our pooled research indicated that the pro-
portion of asymptomatic patients detected through
active screening in the elderly population was relatively
high, almost 70%. With advancements in technology and
improvements in artificial intelligence (AI), we recom-
mended the use of Al for active screening of the elderly
population in the community. Moreover, several studies
have demonstrated its feasibility and simple accessibility
[41, 42]. Furthermore, it was also suggested that individu-
als with suspected TB symptoms but no active TB should
receive regular follow-up visits for at least 6 months to
enhance early patient detection and ultimately achieve
the goal of “End TB”.

Our study had some limitations. First, research con-
ducted in high-burden countries, such as India, was
not included in our study, resulting in some bias in

representativeness. Second, because most of the litera-
ture did not provide detailed information on the number
of asymptomatic individuals or corresponding authors of
eligible articles did not give feedback about details, we
included a relatively small number of articles, limiting
the extrapolation of our results to the global level. Third,
some articles used questionnaire survey as a screening
tool, but the included screening symptoms may vary.
Finally, owing to the different strategies for implement-
ing active screening in different studies, there may be
some differences in the final research results. However,
this study had some advantages. First, it filled a key gap
in current research and provided valuable insights into
the field of active TB screening. Secondly, we thoroughly
analyzed all accessible research data to unveil, for the
first time, the proportion of asymptomatic elderly TB
patients, offering deeper insights for advancing TB pre-
vention and management strategies.

Conclusion

Our results showed that the proportion of asymptom-
atic TB cases could reach as high as almost 70% among
the elderly population, indicating a significant poten-
tial impact on community transmission. Given that the
elderly were at high risk for TB, more advanced tech-
nologies should be implemented in ACF to increase the
sensitivity and specificity of active TB detection. These
technologies included combined ACF strategy based on
CXR, Al-assisted film reading, and innovative tests such
as tongue swabs.
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