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Background. Tuberculosis (TB) remains a major challenge to global health. Healthcare workers (HCWs) appear to be at
increased risk of TB compared with the general population, despite efforts to scale up infection control and reduce nosocomial TB
transmission. This review aims to provide an updated estimate of the occupational risk of latent TB infection (LTBI) and active TB
among HCWs compared with the general population.

Methods. A systematic review was performed to identify studies published over the last 10 years reporting TB prevalence or
incidence among HCWs and a control group. Pooled effect estimates were calculated to determine the risk of infection.

Results. Twenty-one studies met the inclusion criteria, providing data on 30961 HCWs across 16 countries. Prevalence of LTBI
among HCW s was 37%, and mean incidence rate of active TB was 97/100 000 per year. Compared with the general population, the
risk of LTBI was greater for HCW's (odds ratio [OR], 2.27; 95% confidence interval [CI], 1.61-3.20), and the incidence rate ratio for
active TB was 2.94 (95% CI, 1.67-5.19). Comparing tuberculin skin test and interferon-gamma release assay, OR for LTBI was found
to be 1.72 and 5.61, respectively.

Conclusions. 'The overall risk of both LTBI and TB to HCWs continues to be significantly higher than that of the general popu-
lation, consistent with previous findings. This study highlights the continuing need for improvements in infection control and HCW

screening programs.
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According to the World Health Organization (WHO), there
were 10.4 million new cases of tuberculosis (TB) in 2015 and 1.4
million deaths [1], representing a significant challenge to global
health. India, Indonesia, China, Nigeria, Pakistan, and South
Africa accounted for 60% of incident cases, suggesting that
further reduction in TB cases is likely dependent on improved
prevention and care in these countries to reduce the consider-
able gap between number of incident cases and those that are
identified and treated appropriately [1].

To combat the epidemic, the WHO introduced their “END
TB” Strategy in 2015, which aims to reduce TB incidence by 95%
by 2030 [2], and infection control was included as a key compo-
nent of this strategy. This is particularly important for health-
care workers (HCWs) who, through nosocomial transmission,
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are likely to have increased exposure to TB and therefore are at
greater risk of contributing to TB transmission.

Healthcare workers are known to be at high risk of latent TB
infection (LTBI) and active TB disease through occupational
exposure to patients with active TB [3], and pathogen sequenc-
ing is now able to track transmission in healthcare settings [4,
5]. Although this has been explored in previous reviews, there
is a need to update estimates in light of changing TB prevalence
and infection control policies. Previous reviews have covered
large periods of time [6-8], and since then TB treatment and
control has greatly improved. This outcome is likely to have
had a significant impact on their results. Our study aims to
review the current TB risk to HCWs, which is particularly
pertinent because it occurs at the beginning of the Sustainable
Development Goals and the WHO’s END TB strategy. The pri-
mary aims of this review and meta-analysis are to (1) provide
an updated estimate of the occupational risk of LTBI and active
TB to HCWs compared with the general population and (2) to
compare the incidence or prevalence between the 2 groups.

METHODS

This meta-analysis was reported according to Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [9].
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Search Strategy

Electronic searches were performed using Ovid in MEDLINE,
Embase, and Global Health up to March 23, 2016. Studies pub-
lished before January 1, 2006 were excluded due to their com-
prehensive coverage in earlier reviews and because our focus
was on more recent estimates. The search strategy is described
in detail in Supplementary Appendix.

Healthcare workers were first defined broadly according to
the WHO definition of “people engaged in the promotion, pro-
tection or improvement of the health of the population” [10] and
then more specifically as those used in healthcare and in direct
contact with patients. Control groups included (1) adminis-
trative HCWs who were not in direct contact with patients as
well as (2) comparable groups of non-HCWs. Studies that used
national data to calculate population prevalence or incidence
were included as long as the method of calculation was clear
and the comparison was appropriate. Studies that used refer-
ence data for the general population were excluded if their esti-
mates were taken from other studies and it was not clear how
this had been calculated, meaning the comparison could not be
guaranteed to be appropriate.

Observational studies included cohort and case-control stud-
ies, including cross-sectional studies. Conference abstracts were
excluded due to an inability to extract the relevant data and to
assess methodological quality. Reviews and case reports were
excluded.

Comorbidities such as human immunodeficiency virus
(HIV), chronic kidney disease, and diabetes were excluded
if the primary aim of the study was to compare TB in these
groups to populations without comorbidity, because of the well
known increased risk of infection in these populations [11-13].
However, if populations of HCWs and non-HCWs were later
found to include these groups, they were not excluded from the
analysis. The initial screen had no language limitations, but the
final full-text screen only included studies published in English.
No geographic limitations were applied.

Attempts were made to include studies looking at both inci-
dence and prevalence of both LTBI and active TB disease. After
we screened the initial papers, it became apparent that those
using incidence had focused on active TB disease, whereas
those using prevalence focused on LTBI, and so these were
analyzed separately to produce a more reliable comparison.
This means that, throughout this paper, references to preva-
lence refer to LTBI, whereas incidence refers to active disease.
Prevalence of LTBI was either stated in papers as a primary
outcome or an assumption was made by using tuberculin skin
test (TST) or interferon-gamma release assay (IGRA) (mainly
TST >10 mm or 5 mm in those who were HIV positive). Studies
that used TB notification rates were assumed to be referring to
incidence rates (IRs) of active TB; however, a lack of a clear pos-
itive definition was highlighted in the score the paper received

in the quality assessment. If both TST and IGRA were used in a
paper, TST was used to analyze prevalence because this was the
more commonly used test and therefore allowed investigators
to obtain a more reliable comparison.

The following information was extracted from all studies
according to a predetermined data extraction form: title, date of
publication, author, country of study, language of study, funding
source, study design, length of study, diagnostic method, type
of HCW, type of control group, and whether the study assessed
incidence of active TB or prevalence of LTBIL

For studies investigating prevalence of LTBI, the number
of HCWs and controls and the number of cases (positive TST
or IGRA) in both HCWs and controls were recorded. If stud-
ies implemented multiple testing methods, then only the ini-
tial results were used because later screening may have biased
results due to increased awareness of occupational TB risk.

For studies investigating incidence of active disease, the number
of cases (diagnosis of TB by various methods) and person-years
(py) among HCW s were recorded, if available. If only cases and IR
were given, these were used to calculate the py of the study, and if
the IR for multiple years had been recorded for different years of
the study, the mean of these was calculated. For the control groups
only, IR per 100000 per annum was available for all studies; there-
fore, this denominator was used for all control groups.

Quality Assessment

Methodological quality of studies was assessed using items of
the STROBE checklist [14], and, using this approach, studies
were ranked into high (>55), medium (<55), and low (<45)
quality. Although all studies were included in the original
meta-analysis, subgroup analysis was later done excluding
low-quality studies.

Statistical Methods

Meta-Analysis

From the data extracted from each study, using total number
of cases among HCWSs and total number of HCW participants,
a pooled prevalence estimate of LTBI among HCWs was cal-
culated. The Mantel-Haenszel (MH) method for dichotomous
outcomes was then used to calculate odds ratios (ORs). For
studies investigating incidence of active TB, the MH method
was used to calculate IR ratios (IRRs). Ninety-five percent con-
fidence intervals (CIs) were generated for all estimates. If a study
included data for both incidence of active TB and prevalence of
LTBI, it was included in both meta-analyses. All meta-analyses
were conducted using random-effects models.

To investigate possible causes of heterogeneity, subgroup
analysis was performed. First, low-quality studies were
excluded. Then, from the remaining studies, analyses were
performed by TB burden and TB/HIV coinfection burden
according to WHO-defined groups [15], method of diagnosis,
and income group according to World Bank definitions [16].
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An additional subgroup analysis was then performed, which
included only the incidence studies that either reported py for
the control groups or reported incidence for which py could be
calculated. All analyses were carried out using R.

RESULTS

Study Characteristics

From an initial screen of 2152 publications, 21 met the inclu-
sion criteria and were included in the meta-analysis (Figure 1).
Twelve studies investigated prevalence of LTBI among HCWs
(9 cross-sectional studies, 3 cohort studies), 8 investigated
incidence of active TB (7 cohort studies and 1 cross-sectional
study), and 1 cohort study compared both. Only 1 study
included a matched control group [17], whereas the others
were unmatched. A total of 8 studies were included from Asia,
5 from Africa, 5 from Europe, and 3 from South America. Four
studies investigated HCW's with high exposure to TB, whereas
the remainder looked at HCWs in general. The control groups
included school workers, nonmedical students, administrative
employees, and reference data for the general population. Study
characteristics are summarized in Tables 1 and 2.

Quality Assessment and Within Study Bias

Most papers had clear inclusion criteria for HCWSs and control
groups, thereby reducing selection bias; however, the objectivity
of diagnostic methods used varied between studies, with some
having clear definitions of a positive result. Nonetheless, oth-
ers failed to define which exact method was used to determine
a positive result. Withdrawal rates also varied between studies
and did introduce an element of attrition bias to some reports.
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Figure 1. Flow diagram illustrating literature search and study selection.

Abbreviation: TB, tuberculosis.

There was considerable heterogeneity between studies, and
many studies included small sample sizes, as demonstrated by
the wide and overlapping Cls generated. Therefore, a funnel
plot to assess publication bias was deemed to be unreliable.

Prevalence of Latent Tuberculosis Infection

The pooled prevalence estimate for LTBI among HCWs was
37% (95% CI, 28%-47%), with 6 studies reporting prevalence
of more than 50%, although estimates ranged from 0.5% to
62%. The lowest prevalence rates were seen in 2 of the 3 studies
that compared medical or nursing students to the general pop-
ulation. Of the 3 studies comparing HCWs with an especially
high likelihood of TB exposure, the prevalence was towards the
higher end of the range, except for the 1 study that was car-
ried out in a high-income country (HIC). The OR for LTBI in
HCWs was 2.27 (95% CI, 1.61-3.20) (Figure 2), compared with
the general population.

Subgroup analyses were carried out, which were restricted
to high- and medium-quality studies. When the analysis was
restricted to high-burden countries (HBCs), the OR for LTBI
was 2.23 (95% CI, 1.37-3.62), compared with 1.74 (95% ClI,
0.46-6.54) for countries without a high TB burden. The risk of
LTBI was higher in countries with a high TB/HIV coinfection
burden (OR, 2.25; 95% CI, 1.48-3.43), compared with countries
without a high TB/HIV coinfection burden (OR, 1.18; 95% CI,
0.05-28.9).

The risk of TB infection was lower in studies that used TST
(OR, 1.72; 95% CI, 1.17-2.52) compared with studies that
used IGRA (OR, 5.61; 95% CI, 3.19-9.89). This difference was
explored by comparing the prevalence estimates in both the
HCW and control groups. The TST gave a pooled prevalence
estimate of 37% (95% CI, 27%-49%) for HCW's and 24% (95%
CI, 17%-35%) for the control groups, whereas IGRA gave
results of 28% (95% CI, 10%-57%) and 8% (95% CI, 4.4%—
15%), respectively, suggesting that the difference in OR arises
mainly from a reduced number of cases among the control
groups rather than among HCWs .

Incidence of Active Tuberculosis

The pooled estimate for incidence of active TB among HCWs
was 97/100000 py (range, 42 to 4393/1000000 py), whereas
the IRR for active TB among HCWs compared with the gen-
eral population was 2.94 (95% CI, 1.67-5.19) (Figure 3). When
low-quality studies were excluded, the IRR was 1.99 (95% CI,
1.47-2.69). Restricting the analysis to low- and middle-income
countries (LMICs) gave an IRR of 2.09 (CI, 1.39-3.14), com-
pared with 1.66 (95% CI, 1.13-2.45) in non-LMICs. In HBCs,
IRR was 2.44 (95% CI, 1.67-3.54), compared with 1.50 (95% CI,
1.10-2.04) in non-HBCs. Finally, in countries with a high bur-
den of TB/HIV coinfection, IRR was 2.44 (95% CI, 1.69-3.54);
in those without a high burden of TB/HIV coinfection, IRR was
1.50 (95% CI, 1.10-2.04).
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HCWs Control
Study Events Total Events Total
Agaya ctal 2015 534 898 160 332
Corbett et al 2007 183 342 248 443
Drobniewski et al 2007 107 262 8 130
Durando et al 2013 3 585 3 136
Franco et al 2006 101 169 88 164
Maciel et al 2007 114 619 12 218
Sawhney et al 2015 20 100 9 100
Nikokar et al 2010 113 185 79 181
Powell et al 2011 380 956 40 155
Rutanga et al 2015 635 1023 135 348
Storla et al 2009 42 155 3 48
Zuetal 2014 6 20 7 85
van Rie etal 2013 68 120 21 79
Random effects model 5434 2419

Heterogenety: I-squared=84.8%, tau-squared=0.2849, p<0.0001

Odds Ratio

W(random) OR 95% CI
10.1% 1.8 [1.22-2.03]
10.0%  0.90  [0.68—1.20]
7.1% 1053 [4.94-22.43] ——
3.2% 0.23  [0.05-1.14]
9.2% 1.28  [0.83-1.98]
8.0% 3.88  [2.09-7.18]
6.5% 253  [1.09-5.87)
9.3% 203  [1.34-3.07] -
9.5% 1.90  [1.29-2.78] B
10.2%  2.58  [2.01-3.32] =
4.5% 558  [1.64-18.91] B
45% 478 [1.40-16.34] e
8.0% 3.61 [1.95-6.69] i
100% 227 [1.61-3.20] -
H
0.1 051 2 10

Figure 2. Forest plot showing pooled odds ratio (OR) for latent tuberculosis infection among healthcare workers (HCWs). Abbreviation: Cl, confidence interval.

DISCUSSION

This study provides an update to previous work [6-8] and is the
first meta-analysis to restrict analyses to studies that included
control groups. This allows direct comparison of HCWs with
the local population, providing a more reliable estimate of
their relative risk for LTBI and active TB. The pooled preva-
lence estimate for LTBI in HCW's was 37% in our study, and the
risk of LTBI among HCWs is more than twice that of control
populations. The prevalence findings are lower than previously
published reports [7, 8], and our risk to HCWs of LTBI com-
pared with the general population is of a similar magnitude to
previous findings [7, 37]. For example, a review published in
2007 found that HCWs had a 2-3 times increased morbidity
risk when matched for employment and socioeconomic status
[8], and the studies in our analysis that compared HCWs and
school workers found the risk to HCWs to be approximately
double. Our findings are consistent with previous studies, but
we found a reduced overall prevalence of LTBI in HCWs, which
is consistent with a decrease among the general population, as
found in the most recent WHO TB report [1]. We unexpectedly
found that the risk decreased when the analysis was restricted
to LMICs, possibly due to the small number of studies included
in our meta-analysis, which may not give a comprehensive view

of risk in LMICs. A 2008 review found a lower risk in HICs;
the annual incidence of TB infection attributable to working
in healthcare was 1.1% in HICs compared with 5.8% in LMICs
[8]. The considerable heterogeneity in our analysis, although a
limitation, may also may highlight the large variation in LTBI
risk to HCWs.

HCWs were found to have an approximately 3 times greater
risk of active TB compared with the general population,
although there was substantial variability between studies. The
findings illustrate how TB estimates may vary considerably
within and between countries: for example, 2 studies in China
and Taiwan showed IRs of active TB to be 78.3% and 61.1%,
respectively [17, 30]. In addition, while looking at the preva-
lence of LTBI, 2 studies in Brazil showed very different prev-
alence estimates of 18.4% and 59.8% [21, 22]. These findings
suggest that adaptation of national infection control policies
may be required at the regional level.

Among the studies investigating prevalence of LTBI, a
significant reduction in heterogeneity was only observed
when the analysis was restricted to studies using IGRA. This
increased the estimated risk to HCWs, as a result of a reduc-
tion in cases among the control group. Although this finding
suggests that IGRA is a more specific and discriminatory tool

HCWs Control Incidence Rate Ratio
Study Events Time Events Time W(random) IRR 95% CI
Chen et al, 2014 142 181724 41100000 12.1% 191  [1.35-2.70]
Chu etal, 2014 62 101505 37 100000 11.9% 1.65  [1.10-2.48]
Claassens et al, 2010 11 250 1875 100000 11.1% 235 [1.30—4.24]
Corbett et al, 2007 30 155 6000 100000 12.1% 323  [2.25-4.62]
Klimuk et al, 2014 23 5445 43100000 11.5% 9.82  [5.92-16.30]
Pan et al, 2015 3 4980 33 100000 8.2% 1.83  [0.56—5.95]
Pazin-Filho et al, 2008 5 4520 42100000 9.5% 2.63  [1.04-6.66]
Skodric-Trifuno et al, 2009 24 57279 34 100000 11.5% 1.23  [0.73-2.08]
Sotgiu et al, 2008 50 5303 97 100000 12.1% 9.72  [6.91-13.67]
Random effects model 100% 2.94 [1.67-5.19] —
Heterogeneity: I-squared=92.1%, lau-squared=0.6629, p<0.0001 i
| B B E—
0.1 05 1 2 10

Figure 3. Forest plot showing pooled incidence rate ratio (IRR) for active tuberculosis among healthcare workers (HCWs). Abbreviation: Cl, confidence interval.
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among the general population, there appear to be limitations
for its use in screening HCWs. A recent study found that the
rate of positive results among HCWs in a low-burden setting
was greatly increased when screening was switched from TST
to IGRA, and subsequent follow-up using IGRA produced a
significant reversion rate in those who had originally tested
positive [38]. This demonstrates the low reproducibility of
IGRA among HCWs, which has been corroborated in other
settings with a low TB burden [39]. Therefore, our finding that
IGRA appeared to be more discriminatory in areas of a high
TB burden cannot be applied to all settings, highlighting that
further research is needed to determine TB screening in spe-
cific populations.

There are a number of limitations to note. First, there was
substantial heterogeneity, reflecting the different settings and
populations included in the review. Second, there appears to
have been an element of publication bias with a paucity of small
studies showing negative results, possibly leading to an overes-
timation of the TB risk to HCWs. The low number of studies
and significant heterogeneity between them reflects the limited
evidence base and highlights the need for high-quality, compar-
ative studies. Few studies recorded information on important
confounders such as Bacillus Calmette-Guérin vaccination sta-
tus, magnitude of TB exposure, and extent of infection control
policies. Finally, including only English-language studies may
have resulted in a language bias in our search; nevertheless,
studies included here cover all continents where TB is a signifi-

cant, occupational concern.

CONCLUSIONS

In conclusion, the most recent data show that HCWs globally
remain at increased risk of both latent and active TB compared
with the general population, despite an absolute decrease in
TB prevalence. These findings should encourage even greater
attention to prevention measures and screening for HCWs in
all settings as part of efforts to achieve the WHO targets for
2030 [23].
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