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Background: China is one of the countries sharing the major burden of tuberculosis (TB) in the world.
Health care workers (HHCWs) are subject to a high risk of occupational latent tuberculosis infection (LTBI)—
an asymptomatic state of TB disease. However, the heterogenic composition of healthcare professionals in
terms of nature of their work leads to the inconsistency in predicting the prevalence of LTBI amongst them.
Furthermore, the global statistics do not account for the analysis conducted within the Chinese population.
Our study reflects a systemic and epidemiological meta-analysis to investigate the risk of contracting LTBI
by the HCWs of China.

Methods: A systematic review of the literature was performed to identify studies reporting UT'BI prevalence
or incidence among HCWs and a control groups in China. Risk of infection, as well as subgroup analysis was
calculated by pooled effect estimates. Review Manager 5.0 was used to perform the meta-analyses.

Results: Twenty studies containing 9,654 HCWs met the inclusion criteria. The average prevalence of
LTBI among HCWs was 51.5%, ranging from 27.9-88.8%. HCWs had a higher risk of prevalence of LTBI
than the control groups [odds ratio (OR), 1.78, 95% confidence interval (CI), 1.46-2.16]. In the subgroup
analysis, the prevalence of LTBI in HCWs with respect to the control groups was observed to be highest
in Eastern China (OR, 2.05; 95% CI, 1.35-3.11). Furthermore, the pooled OR for ITBI was 1.90 and 1.65
separately from the results of the tuberculin skin test (TST) and the interferon-gamma release assay. Lastly,
upon comparing the HCWs with the control groups from the community and the nosocomial source, it was
observed that the pooled OR favored for the prevalence of LTBI, which was primarily community-sourced
(3.12 and 1.54). HCWs had an increased risk of prevalence of LTBI than the control groups, both in general
hospitals and TB specific hospitals (pooled OR 2.4 and 1.57).

Conclusions: Risk of ITBI infection among HCWs is relatively high in China, especially in the eastern
region, predisposed by the cumulative exposure to Mycobacterium tuberculosis from the community and the
general hospitals. Overall, our data reflects an alarming risk posed to our HCWs, and calls for immediate

reforms at the policy levels, so as to implement effective screening and treatment of affected HCWs in China.
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Introduction

The global burden of tuberculosis (TB) on healthcare
is tremendous. TB ranks as one of the top 10 causes of
mortality worldwide, even surpassing HIV/AIDS. As per
the 2017 statistics, China accounted for 9% of the global
population that developed TB disease, ranking second only
to India (1-3). While TB typically affects the lungs, the
state of host immune response determines the symptoms of
this disease. The symptoms range from a stage of clinical
latency, wherein the host immune response is able to keep
a check on the pathogen, to an active TB, wherein the
bacteria, Mycobacterium tuberculosis, overpowers the host
immune cells (4). Latent tuberculosis infection (L'T'BI) is the
former state that carries a dynamic balance between bacteria
and the host. It is characterized by a persistent biologically
positive, immune controlled stage with no clinical evidence
of TB. However, the body cannot completely eliminate the
pathogen from its system (5). Worldwide, nearly one-third of
the global population is estimated to have LTBI (1), while in
China, it ranges from 13% to 40% (6). Although only about
5-10% of LTBI cases will progress to active TB, as seen
during the follow-ups (3-5), its detrimental effects on our
population and healthcare systems cannot be undermined.

A study based on the longitudinal predictive model in
China suggested that smear-positive patients were the main
sources of new infections of TB at present, but the second
related trend was the platform phase lasting for nearly 50
years. This persistence was likely to due to the remaining
cases of UT'BI (13-20%), and a fairly high rate of conversion
from L'T'BI to active TB (5-10%) (7).

Health care workers (HCWs) are defined as people
engaged in professions aimed at enhancing the well-
being of individuals. While at work, they are commonly
exposed to TB patients who may spread the infection in
the hospitals even before their diagnosis is confirmed (8).
It is thus, imperative to consider systematic testing and
treatment of HCWs for LTBI (5). Unfortunately, UTBI
testing is not widely available for HCWs (9). Until 2018,
HCWs screening was often overlooked especially in low-
and middle-income settings and countries (5,10). The
lack of data of L'TBI prevalence has further aggravated the
problem. The current study attempts to analyze the risk
faced by HCWs in contracting LTBI, in China.

An earlier study considered two heterogeneous groups
of HCWs wherein one-third (19.8 million) included
administration and support workers, while the other two
thirds (39.5 million) comprised of the frontline workers
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directly involved in providing medical treatment to the
patients (9). Inconsistent conclusions among different
studies were found, primarily due to the heterogeneity
associated with the sampling. The risk of TB among
HCWs was reported to be controversial as some studies
focused on the administration groups that have no direct
contacts with the TB patients, whereas others focused on
the occupational groups that posed an increased risk (11).
Another major factor to gauge is that whether the high
risk of UI'BI in HCWs is acquired from the community or
the occupation (12-14). It is notable, that in low TB risk
settings and countries (13) such as USA (12), Germany (14)
and Iran (15), LTBI amongst HCWs primarily seems to be
sourced from the community. However, the high TB risk
settings and countries (16) exhibit risk derived primarily
from the occupation.

Given the high probability that LTBI is likely to develop
into active TB, this meta-analysis aims to investigate the
epidemiology and burden of LTBI in Chinese HCWs.
Moreover, we also follow with interest the administration
groups as our internal control to analyze whether the
higher risk of UT'BI in HCWs is community acquired or
is occupational. We also surveyed if the risk remains same
across different kinds of hospitals in China, i.e., general
hospitals versus TB specialized hospitals.

Methods

Preferred Reporting Items for Systematic Reviews and
Meta-Analyses: The PRISMA Statement was used as
guideline in this meta-analysis (17).

Literature search strategy

Our search strategy seeks to identify all the
accessible studies without any date or language restrictions,
which reported data on the prevalence and incidence of
LTBI disease among HCWs in China. We searched English
databases including PubMed, Web of Science, EMBASE
(Ovid), Wiley online Library, Cochrane library, the last
of which was to confirm that no similar meta-analysis nor
reviews have been published, so far in the given context.
Chinese language articles without full text were excluded
from these databases and were identified in Chinese
database. Considering that a majority of studies include
both TB and LTBI, we searched for studies on both subjects
and then excluded the ones based exclusively on TB, in the
last step. Literature published in Chinese was also obtained
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from CNKI (www.cnki.net), Wanfang (www.wanfangdata.
com.cn), VIP (www.cqvip.com) and CBM database (www.
sinomed.ac.cn). The Venn Diagrams of Chinese and English
databases were performed in Figures S1 and S2, respectively.
Search strategy has been summarized in Table S1.
In addition to the above databases, we also searched for
reference lists of review articles, primary studies and
textbook chapters with relevant research data. We also
hand searched the indices of the International Journal of
Tuberculosis and Lung Disease, Tuberculosis and Tubercle & Lung
Disease for relevant articles not captured by the electronic
searches. In general, keywords such as “tuberculosis”,
“health care workers” and “China” were used for searching
the relevant articles. As an illustration, we used Medical
Subject Headings (MeSH) in Pubmed database first.
Secondly, the terminology “Mycobacterium tuberculosis” was
substituted by the key word “tuberculosis” to enrich our
search results Other terminologies such as “health care
personnel”, “health worker”, “healthcare professional”
“allied health personnel”, “medical staft”, “hospital staff”,
“physicians”, “nurses”, “community health worker” were
substituted for “health care workers”. Next, we used both
the key words and subjects recognized in the databases with
the operator “OR” for each terminology in each database.
Finally, the keywords and subjects for each terminology
were combined with an “AND” operator to obtain the final
search result. This work considered data published up to
September 30" 2019.

Inclusion and exclusion criteria

Literature references focusing only on the prevalence
of LTBI were considered. Case-control studies, cross
sectional I'T'BI surveys, cross-sectional cohort studies in the
prevalence of LT'BI among HCWs were included.

Either a tuberculin skin test (T'ST) or interferon-gamma
release assay (IGRA) was used to confirm the presence of
LTBI (5). HCWs were grouped according to the type of
hospitals they were associated with, namely, the TB hospitals
and the general hospitals. TB hospitals are classified as ones
that have the facilities to diagnose and treat TB subjects,
while general hospitals are characterized as the first to the
third trinity community and country hospitals without any
special TB departments. Control groups were defined as: (I)
any of the administrative, finance or library staff within the
studies, (II) comparable groups of non-HCWs and as per (III)
the studies indicating the accurate source of the control data
from national resource or elsewhere.
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We excluded conference abstracts, letters and comments that
did not allow extraction of relevant data, reviews as well as case
reports or case series of nosocomial transmission or outbreaks.
"The latter is considered to be an inherently exceptional situation
that may interfere in estimating the true prevalence, incidence
and risk factors contributing to nosocomial transmission (13).
We also excluded studies that utilized questionnaire responses
to ascertain prevalence of LTBI. Inaccurate source of the
control data or estimates taken from other studies, studies with
ambiguous data analysis were also excluded. When the same
population was studied in different papers, the most recent one
or with highest quality was included.

Studies that aimed to compare LTBI in the TB associated
comorbidities groups and the non-comorbidities groups
were not included, primarily because comorbidities like
diabetes, human immunodeficiency virus (HIV), chronic
kidney disease and malignant tumor increase the risk of
infection in TB populations (18). If HCWs and non-HCWs
populations were later found to include these comorbidities
then in that case they were not excluded.

Data extraction and outcomes of interest

These data from a subset of eligible studies were extracted
independently by two reviewers (Guo and Zhong) using
a standardized data extraction form. Any disagreement
was resolved by the adjudicating senior authors (Wu and
Qiu). Data extracted included: date of publication, author,
province of study, year of study, study design, sampling
method, type of HCWs, source of control group, methods
that used to test for LTBI (TST or IGRA). For the
prevalence and incidence studies, the following procedure
was employed to standardize the data-extraction process.
Data from the LTBI prevalence studies was extracted
including the number of HCWs and control groups, and
the associated number of positive TST or IGRA cases
in HCWs and control groups, respectively. If the study
conducted a series of screening methods, only the first
data was considered, as subsequent screening often leads
to skewness of data towards the increased risk associated
with occupation. We also conducted subgroup analysis and
divided China into the western, central, and eastern regions
according to national geographic data (19).

Quality assessment and statistical analysis

Based on the literature database that we compiled, we
investigated the study designs of only the cross-sectional
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CNKI =50, Wanfang =165, VIP =250, CBM =297

PubMed =163, Embase =175, Cochrance =67, Web of Science =87, Wiley Online Libray =286

duplicate =357

Y

Remain =1,183, Title and abstract screened:

Excluded studies =1,115
* Reviews =69
e Case report =19
e Letters =3

Y

Y

e |rrelavant topics =1,002

® Conference =10

® Books =4

¢ Not available in Engilish/Chinese =8

Remain =68, full-text articles assessed for eligibility:

No control data =31

Y

Y

No HCW data =1
Only TB but without LTBI data =16

Included studies in quantitative synthesis =20

Figure 1 Flow diagram of studies identified, included, and excluded.

studies. The scale of Agency for Healthcare Research and
Quality (AHRQ) provided by the US Health Care Quality
And Research Institutions was used to evaluate the study
quality. It contained 11 item/parameters where in the
response for each item- is either “yes”, “no” or “unclear” (20).
For our meta-analysis, we considered all the studies,
however, during the subgroup analysis we dropped the
studies that exhibited low data quality.

Review Manager 5.0 (Cochrane Collaboration, Oxford,
UK) was used to perform the meta-analyses. For studies
investigating the prevalence of LTBI, odds ratios (ORs)
were calculated with Mantel-Haenszel (MH) method for
dichotomous outcomes. All the estimates were reported
with 95% confidence intervals (Cls). Chi-square test
was used to assess the heterogeneity among studies,
wherein a P value of P<0.01 was set for significance. I was
used to quantify statistical heterogeneity. If there was a
heterogeneity between the studies, a random effect model
was used, otherwise a fixed effect model was employed.
Sensitivity analyses was performed for the studies that were
based on the comparison of the meta-analysis results of all
of the included studies and the studies that were excluded
due to poor quality. Funnel plots were used to screen for
potential publication bias.

Age and gender were considered to have a great influence
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on the relative risk observed, however, we failed to control
these confounding factors as they were not accounted in
most of the studies. T-test and Chi-square test was later
performed to analyze whether there were age and gender
differences between the HCW group and the control
group, respectively. For the other confounding factors
such as study period, quality of included literature, and the
sampling methods, we performed subgroup analysis of the
combined results, which demonstrated the reliability of our
meta-analysis.

Results
Study characteristics

As shown in Figure 1, a total of 1,540 studies were identified
through initial search of databases, with 8 studies in English
and 12 studies in Chinese. Twenty studies were eventually
included after being screened. These studies focused on
the prevalence of LTBI (7able I) and were characterized
by the cross-sectional study designs. Considering that age
and gender had influence on the relative risk observed, we
reviewed these factors in all the included studies. Three
studies provided data with stratified age and 5 studies
classified data based on the gender. In the field of region
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distribution, 10 studies in eastern China, 8 in central China,
2 in western China were referred. Sources of HCWs
population of 13 studies came from TB (or infectious
disease) specialised hospitals, 6 from general hospitals and
1 from both. The types of control groups of 12 studies
were ‘in-hospital’ controls comprising of administrative
or logistics or management personnel of the hospital. The
other 6 studies considered ‘community-control” where in
the local population was used as control, and 1 considered
both. 2 articles from the reference materials were also
considered. There were 12 studies based on the diagnosis of
LTBI with TST, while 8 studies with IGRA.

Sensitivity

In the 20 studies describing the prevalence of LTBI, there
was a significant heterogeneity between the results after
the data was combined. There was significant difference
between the HCWs and the control groups (I’=78%,
P<0.05), and therefore, a random effect model was used
for the combined effect analysis. Sensitivity analysis was
performed later by excluding the studies one by one. This
exclusion, however, did not lead to significant changes in
the results, suggesting that the results of the meta-analysis
were robust (Table S2).

Publication bias

Funnel plots are often used to assess publication bias in
the included studies. The funnel plot results of studies
describing the prevalence of I'T'BI appear to be asymmetric,
suggesting that there may be some publication bias. There
was, indeed a considerable heterogeneity between the
studies. The possible reasons of this bias could be attributed
to the flaws in the research design, unrigorous research
methods and a small sample size, as illustrated by the wide
and overlapping Cls (40). Figures have been provided to see
the asymmetry (Figure S3).

In order to control the confounding factors, we
performed the subgroup analysis of the combined results.
First, for the subgroup analysis of the study period, it
was observed that the combined OR value of the studies
published before 2010 was 2.56 (95% CI, 1.88-3.48), as
compared to the OR value of 1.30 (95% CI, 1.02-1.66)
(P<0.05) observed for the studies published post 2010. The
heterogeneity therefore, was significantly reduced with an
I’ 83% as compared to 55% (P<0.05), as seen in Figure S4.
Secondly, for the subgroup analysis of the quality of the
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literature, it was found that the combined OR value of
the studies depicting a poor quality of data was 2.06 (95%
CI, 1.49-2.84), while that with the good quality data
was 1.54 (95% CI, 1.22-1.95) (P<0.05). Accordingly, the
heterogeneity was reduced slightly with the I’ 82% as
compared to 70% (P<0.05), as seen in Figure S5. Finally, for
the subgroup analysis of sampling methods, the combined
OR value of the studies involving non- probability sampling
method was 2.01 (95% CI, 1.37-2.96), while the studies
employing probability sampling method had an OR value
of 1.64 (95% CI, 1.36-1.98) (P<0.05). The heterogeneity
was significantly reduced, with the I’ 85% compared
with 58% (P<0.05), as seen in Figure S6. Taken together,
the risk of LTBI infection among the HCWs was not
significantly different and the same trends were observed
after controlling the confounding factors such as the study
period, the quality of included literature and the sampling
method.

Prevalence of LTBI

The overall prevalence of LTBI among HCWs varied
from 27.9% to 88.8%, and 8.2% to 72.3% in the control
groups. HCWs had a higher risk of prevalence of LTBI as
compared with the control groups, with an OR of 1.78 (95%
CI, 1.46-2.16). In a cross-sectional study conducted in
Taiwan, the prevalence of II'BI among HCWs was ranked
the highest, reaching 88.8% (Zable 1), with an OR value of
9.88 (95% ClI, 5.61-17.42; Figure 2).

Consistent result for the risk of LTBI infection after
considering age and gender

As mentioned above in the method section, the age and
gender based analysis for most studies were incomplete and
therefore, a subgroup analysis could not be performed based
on these factors. We however, performed the subgroup
analysis by grouping the studies based on the presence of a
local control group.

t-test was performed on 3 studies that provided the data
with stratified age (Table S3). Chi-square test was performed
on 5 studies that provided the data with gender grouping
(Table S4). The above test results indicated whether there
were age and gender differences between the HCW group
and the control group. The analysis revealed that there was
no statistically significant difference in the age and gender
except, the one observed in the Li study (Li ez 4/., 2006).
Further, subgroup analysis showed that for studies lacking
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Figure 2 Forest plot showing pooled odds ratio (OR) for LTBI prevalence among HCWs. LTBI, latent tuberculosis infection; HCW, health

care worker.

the local controls, the combined OR value of the risk of
LTBI among HCWs was not statistically significant (OR,
4.32, 95% CI, 0.89-21.04). In studies with local controls,
and poor age and gender comparability, the heterogeneity
was large (I’=68%, P<0.05) and therefore, a random model
was used. The combined OR value of the risk of LTBI
among HCWs was 1.51 (95% CI, 1.24-1.84). In studies
with local controls and good age and sex comparability,
there was no heterogeneity among the studies (I’=0, P>0.05)
and therefore, fixed effect model was used for analysing the
data. The combined OR value of the LTBI risk among HCWs
as depicted by this model was 1.94 (95% CI, 1.50-2.51).
The studies with local controls and poor age and gender
comparability, and for studies with local controls and good age
and gender comparability, the risk of LI'BI infection among
HCWs was similar and followed the same trend.

Subgroup analysis of risk for prevalence of LTBI among
HCWs

In subgroup analyses of geographical location, the highest
risk for the prevalence of LTBI among HCWs compared
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with the control group was in eastern China (OR, 2.05;
95% CI, 1.35-3.11), followed by the central region (OR,
1.67; 95% CI, 1.33-2.08) and the western region (OR,
1.47; 95% CI, 0.62-3.48) (Figure 3). Secondly, OR for
LTBI compared with control groups diagnosed with TST
was 1.90 (95% CI, 1.41-2.55), while with IGRA was 1.65
(95% CI, 1.34-2.02). Prevalence diagnosed with TST for
LTBI among HCWs ranged from 33.3% to 88.8%, and
for control group it was observed to range from 12.0%
to 72.3%. When with IGRA, HCWs ranged from 27.9%
to 58.9%, while the control groups ranged from 8.2%
to 57.6%. Overall, the diagnostic positive rate of LTBI
with TST was higher than with IGRA (Figure 4). Thirdly,
HCWs had a higher risk for the prevalence of LTBI
compared with control groups that were both community-
sourced and nosocomial-sourced with a comparative higher
OR for the former groups than the later groups [3.12
(95% ClI, 1.94-5.01), 1.54 (95% CI, 1.28-1.86)] (Figure 5).
Our result indicated that higher risk of LTBI in HCWs
was predisposed by the community rather than nosocomial.
Furthermore, HCWs in general hospitals had higher risk
for the prevalence of LTBI compared with the control
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Figure 3 Forest plot showing pooled odds ratio (OR) for LTBI among HCWs according to geographic regions. UTBI, latent tuberculosis

infection; HCW, health care worker.

groups (OR, 2.40; 95% CI, 1.64-3.52). The same trend was
also seen in TB or infectious disease specialist hospitals (OR,
1.57; 95% CI, 1.25-1.97) (Figure 6), suggesting that the
risk for the prevalence of LTBI among HCWs in general
hospitals was higher than TB or infectious disease specialist
hospitals.

In subgroup analysis, the control group from community
wherein a general hospital and the geographical region
located in the eastern China were considered, the HCWs had
a higher risk of LTBI prevalence with a combined OR value
ranging from 1.90-4.32. On the other hand, for the control
group from a TB specialized hospital and the geographical
region located in the western region, the HCWs were
found to have a relatively low risk of UT'BI prevalence with a
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combined OR value ranging from 1.47-1.65.

Discussion

Up to our knowledge, this is the first review presenting
the meta-analysis of the China’s nationally available data
on the prevalence of LTBI among HCWs and control
group, wherein the hospital’s administrative staff is set as an
internal control. After controlling for age and gender, we
still see the same trend of the risk for LTBI infection among
HCWs in China.

Our results showed an absolute risk of both LT'BI and
TB to HCWs than that of the general population, which
was consistent with studies published earlier (13,18,40,41).
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Figure 4 Forest plot showing pooled odds ratio (OR) for LTBI among HCWs according to the diagnosis methods. I'TBI, latent tuberculosis

infection; HCW, health care worker.

The prevalence of LTBI among HCWs was 51.5% (ranging
from 27.9% to 88.8%), which was congruous with the
earlier observations made in the Low- and Middle-Income
Countries (LMIC) that depicted a prevalence of 63% (range
33-79%) (13), 54% (range 33-79%) (41) and 37% (range
0.5-62.1%) (18) respectively. Since, LTBI is a reinfection
or reactivation of Mycobacterium tuberculosis in the host,
the former may contribute to a certain degree of immune
protection, while the later predisposes to the risk of
acquiring an active TB in the future (4). The results of these
two interpretations with a diametrically opposite clinical
outcome, may also be responsible for the large difference in
the prevalence of LT'BI among HCWs.

The risk of prevalence of LTBI among HCWSs was found
to be the highest in the eastern region of China, followed
by the central and the western regions. Population density
in the eastern region is particularly higher than that of
the central and western regions, which leads to a higher
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workforce density (42). Furthermore, larger cities attract
larger floating population (13) and hence, lead to higher
rate of TB (13). The disparity in the economic, educational,
and societal setup along with lifestyles variation in different
geographic regions (43) in China resulted in HCWs in the
eastern regions paying more attention to their health and
thereby, resulting in effective reporting of LTBI (44). The
results thus, emphasize on the importance of elevating and
training HCWs for the management of TB as the most
effective measures in preventing T'B propagation. The
guidelines for L'TBI also recommend systematic testing and
treatment of UT'BI in countries with low TB incidence that
may otherwise exhibit high load of LTBI prevalence (45).
The studies included in our meta-analysis involved
diagnosing LTBI with TST or IGRA tests that could have
led to a wide and overlapping Cls for the prevalence of
LTBI. While for most studies a comprehensive description
of testing protocols was provided, for a few studies it was
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Figure 5 Forest plot showing pooled odds ratio (OR) for LTBI among HCWs according to the source of control groups. LTBI, latent

tuberculosis infection; HCW, health care worker.

found to be obscure and missing important details like
which kits of IGRA were used, the exact point for a positive
result, whether initial two-step TST was done, how long
the TST was observed, and how many units of tuberculin
were used. Although, there have been arguments over
the techniques best suited for effective diagnosis of LTBI;
IGRA has been reported to outperform TST in settings
with limited ongoing transmission and/or background
prevalence of infection. The TST test, on the other hand,
outperformed IGRA when the incidence and prevalence
were high such as in case of an epidemic or a situation
posing a high risk of infection, or when a study design
warranted identification of as many infected individuals,
as possible (46). It is important to note that the Bacille
de Calmette Guerin (BCG)-vaccination given at birth
has been reported to interfere with the results of TST,
and leads to an increase in the false positive rates. IGRA
however, overcomes this limitation (46). In addition to
BCG, Nontuberculous Mycobacteria (N'TM), occupational as
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well as non-occupational exposure to M. tuberculosis over
the whole lifetime has also been reported to complicate the
analysis of the prevalence of LTBI. Given the absence of
any case series of nosocomial transmission or outbreaks and
the fact that majority of the Chinese population is BCG-
vaccinated, IGRA outperformed TST in detecting the
prevalence of LTBI among the HCWs. Another important
difference reported in literature shows that between IGRA
and TST, IGRA is more likely to detect recent infection
of TB, whereas TST detects the cumulative exposure to
M. tuberculosis over time (47,48). Together, our findings
highlight that the risk of prevalence of UT'BI diagnosed with
TST was higher than IGRA and hence, it can be speculated
that Chinese HCWs had more cumulative exposure to TB
than recent infections. Although, neither TST nor IGRA are
gold standards for the diagnosis of L'I'BI, they are relevant in
detecting the host immune response. It is thus, recommended
to undertake further combination tests or gene testing
techniques to reach to a more accurate and conclusive analysis.
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Figure 6 Forest plot showing pooled odds ratio (OR) for LTBI among HCWs according to the type of hospitals. LTBIL, latent tuberculosis

infection; HCW, health care worker.

To the best of our knowledge, we are the first to report
that the risk of prevalence of T BI among Chinese HCWs
population is largely sourced from the community as
against the nosocomial infection. Our results differ from the
previous findings that reflected that LTBI among HCWs
is primarily derived through nosocomial infections (13).
These earlier studies however, lacked comparable or
contemporaneous controls and only relied on national
data for analysis. Moreover, no studies from China were
included in their analysis (13). Uden and his Colleagues did
provide a comparable and contemporaneous control data
as well as, research data from China, but it did not provide
evidence for the source of infection, whether nosocomial or
community-derived (18). We suggest that further molecular
research studies involving DNA fingerprinting, rather than
TST or IGRA, must be undertaken to provide verifying
evidence of nosocomial contagion (41).

Among the different type of hospitals that we studied, we
observed that HCWs in general hospitals showed a higher
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risk of prevalence of LTBI. This trend was consistent with
that in the subgroup analysis of community and nosocomial
source, as discussed above. This could be partly because
the risk of prevalence of LTBI among HCWs in general
hospital is primarily community-sourced.

There are still some limitations in our meta-analysis.
First, our study did not analyze age stratification and gender
comparability. However, we compared the studies with
local controls and poor age and gender comparability, and
the studies with local controls and good age and gender
comparability. Our analysis showed that the risk of ITBI
infection among HCWs remains the same and follows
the same trend. This might reflect a more complex aspect
of the problem. Secondly, it is notable that a systemic
review has its own limitation of publication bias, multiple
publication bias and the possibility to miss out the
studies being researched. In our analysis, we observed a
considerable heterogeneity between the studies, reflecting
different settings and populations. HCWs have always
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been concerned about the risk of developing TB, which
might have remained under reported due to heterogenic
composition of professionals involved in healthcare services.
However, the majority of studies included in our dataset had
a clear inclusion criterion for HCWs and control groups
that reduced the selection bias. Finally, publications only
in English and Chinese were included, which may result
in language bias. However, only Chinese HCWs were the
main focus of our study where the relevant published data/
papers are in English and Chinese language in majority.

In the end, it is true that the precise prevalence of LTBI
in the Chinese HCWs population is not accurate and is also
difficult to estimate precisely. We attempt to ignite Chinese
scholars to take an interest in this real and complex situation
about L'T'BI in China. The observed complexity is a result
of pitfalls in the methodologies. For example: a positive
TST can be a false positive if not followed by an IGRA due
to a BCG vaccination or to a previous TST. The absence
of clear distinctions based on age and gender also results in
lacking of another important information—the elderly are
expected to be more vulnerable to UTBIL. Furthermore, the
presence of internal controls within a hospital may not be
considered as ideal comparison due to the airborne infection
risk, even they are not directly dealing with the patients. All
the above observations should be considered for developing
a better understanding of the spread of infection amongst
the working populations exposed to the risk in China.

Conclusions

We provide a national epidemiological basis for the
development of LI'BI management in HCWs in China. Our
study shows that that risk of UTBI infection among HCWs
was relatively high in China, especially in the eastern region.
Furthermore, we observe that the primary source of LTBI is
cumulative exposure to Mycobacterium TB infection, derived
from the community. Compared to TB specialized hospitals
the associated risk was found to be higher in the HCWs of
the general hospitals. Overall, our result emphasizes on a
pressing need to strengthen the national policies in China
so as to curb the spread of ITBI among HCWs. In order
to protect the HCWs, the hospitals need to adopt and
implement the following approaches: (I) education services
need to be provided for the occupational risks associated
with LTBI; (II) personal protective equipments must be
provide to prevent contraction of infection; (III) effective

© Journal of Thoracic Disease. All rights reserved.
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screening and treatment should be supplied. In addition,
the methodology and the subsequent limitations presented
in current study might serve as instrumental approaches for
more comprehensive and accurate study designs involving
gender, age, type of hospitals and geography, which may
help improve estimating accuracy of the LTBI prevalence
in HCWs. Thus, our study provides strong basis for the
formulation of strategies to effectively curb the high prevalence
of LI'B1 in HCWs as well as other individuals in China.
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