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To assess the annual risk for latent tuberculosis
infection (LTBI) among health care workers (HCWs), the
incidence rate ratio for tuberculosis (TB) among HCWs
worldwide, and the population-attributable fraction of TB
to exposure of HCWs in their work settings, we reviewed
the literature. Stratified pooled estimates for the LTBI rate
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for countries with low (<50 cases/100,000 population),
intermediate  (50-100/100,000 population), and high
(>100/100,000 population) TB incidence were 3.8% (95%
confidence interval [Cl] 3.0%—4.6%), 6.9% (95% CI 3.4%—
10.3%), and 8.4% (95% CIl 2.7%—14.0%), respectively.
For TB, estimated incident rate ratios were 2.4 (95% CI
1.2-3.6), 2.4 (95% CI 1.0-3.8), and 3.7 (95% CIl 2.9-4.5),
respectively. Median estimated population-attributable
fraction for TB was as high as 0.4%. HCWs are at higher
than average risk for TB. Sound TB infection control
measures should be implemented in all health care facilities
with patients suspected of having infectious TB.

Transmission of tuberculosis (TB) in health care settings
to both patients and health care workers (HCWs) has
been reported from virtually every country of the world,
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regardless of local TB incidence. TB transmission occurs
through droplet nuclei aerosolized by patients with
infectious pulmonary TB and inhaled by other persons.
Transmission is most likely to occur from unrecognized
or inappropriately treated TB. The risk for transmission
varies by setting, occupational group, local prevalence of
TB, patient population, and effectiveness of TB infection
control measures (1).

In resource-rich countries TB began to be recognized
as an occupational hazard in the 1950s (2); since
then, effective infection control measures have been
implemented to reduce the risk for nosocomial TB (3). Poor
implementation of infection control measures, the effects of
the HIV epidemic on TB, and the emergence of multidrug-
resistant (MDR) strains resulted in the reemergence of
hospital-based transmission of TB and MDR TB in the
early 1990s (2).

Most recently, the emergence of extensively drug-
resistant (XDR) TB strains is posing a major public
health threat in contexts characterized by a lack of proper
infection control measures (4). Although the risk for latent
TB infection (LTBI) and TB disease has generally been
considered to be higher among HCWs than in the general
population, some studies from countries with low TB
incidence and others from countries with high TB incidence
failed to show a higher estimated risk for TB among HCWs
than among the corresponding local community.

We had 2 main objectives in conducting our study. First,
by reviewing the literature, we assessed the rate of LTBI
and relative risk and risk difference for the incidence of TB
among HCWs worldwide, compared with the incidence of
TB in the corresponding local general population. Second,
we assessed the population-attributable fraction (PAF)
(percentage) of TB in the general population associated
with exposure to HCWs in their working settings.

Methods

Literature Search for Incidence among HCWs

An initial search of the literature for systematic
reviews or reviews of meta-analyses estimated LTBI and
TB incidence among HCWs worldwide allowed us to
identify 4 systematic reviews (1,5-7). Most of the studies
analyzed by Menzies et al. in 1995 were performed in
the United States, United Kingdom, or Canada (6). In
2005, Seidler et al. focused on the risk for TB in low-
incidence areas (7). In 2006, Joshi et al. analyzed low- and
middle-income countries (5), and in 2007 Menzies et al.
expanded their search and analyses, accounting also for
high-income countries (1). We identified, retrieved, and
considered for inclusion in our study all studies reported
in the above-mentioned systematic reviews. To integrate
and update the search, we searched 3 electronic databases
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for primary studies (i.e., PubMed, www.ncbi.nlm.nih.
gov/pubmed; EMBASE, http://embase.com; and Web of
Knowledge, www.isiwebofknowledge.com) to identify
studies that assessed the incidence of LTBI and/or TB
among HCWs published during January 2005-July 2010.
The combination of terms adopted to perform the search
is reported in the online Technical Appendix (www.cdc.
gov/EID/content/17/3/488-Techapp.pdf). We restricted our
search to articles published in English, French, Spanish,
and Italian.

Study Selection

Studies were eligible for inclusion if they reported the
incidence and the corresponding confidence intervals (Cls)
of LTBI and TB disease among HCWs or if they reported
the number of incident LTBI and TB cases identified in the
study along with the overall number of HCWs investigated
or the person-years of follow-up. LTBI incidence has
been defined as tuberculin conversion after a documented
negative-baseline tuberculin skin test (TST) as reported in
the original study (3). We considered only studies adopting
the intradermal TST technique. For cases of TB disease,
we have included definitive (microbiologically confirmed)
and presumptive (based on clinical, imaging, or pathology)
diagnoses.

We excluded studies for a variety of reasons. Studies
reporting only case series, only outbreak investigations,
or only prevalence of LTBI and TB among HCWs were
excluded, as were studies reporting investigations only of
MDR TB and of only self-reported LTBI or TB. We also
excluded studies that adopted interferon-y release assay
because of paucity of data and potential problems in pooling
such data with those obtained from studies that adopted the
TST technique. Furthermore, we excluded studies started
before 1990 to decrease possible heterogeneity between
studies associated with different awareness of TB as an
occupational hazard for HCWs (2) and studies reporting
data from studies investigating only HCWs working in
outpatient clinics. All duplicate citations were eliminated
from the initial database. Two of the authors (I.B., E.P.)
screened these citations by reviewing titles and abstracts
to identify potentially relevant studies and discussed
disagreements until reaching a consensus. The database
was then screened again to include only primary articles,
and the full text of each citation was obtained and reviewed.

Data Extraction

Two of the authors (I.B., E.P.) designed a data
extraction form. Then, all articles were independently
reviewed and data extraction cross-checked.

The following data were collected from each study:
country where the study was performed, study period, and
health care setting under investigation. We also collected the
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estimated incidence of LTBI and/or TB and corresponding
CIs and/or number of incident LTBI and/or TB cases
identified and the overall number of HCWs investigated or
the person-years of follow-up. If reported, the incidence of
LTBI and/or TB in a comparison group, such as the local
general population or administrative workers not exposed
to the health care setting under investigation, was also
included. We used estimates provided by the World Health
Organization (WHO) for the corresponding study period as
estimates of TB incidence among the general populations
in the host countries (8).

Data Collation and Meta-analysis

For each study, we considered the incidence for LTBI
or TB among HCWs as reported in the original study.
Adjusted estimates, when available, were preferred to
crude estimates. Alternatively, we calculated the annual
incidence of LTBI (hereafter referred to as annual risk for
LTBI [ARTI]) and TB among HCWs. Then we estimated
the incidence rate ratio (IRR), the risk difference of TB
among HCWs compared with the corresponding general
population, and the corresponding percentage of TB cases
among HCWs attributable to exposure in health care
settings. We used WHO estimates for the corresponding
period (8) for TB incidence in the general population.
Three studies could not be located and were excluded from
the analysis.

We performed a random effects meta-analysis to
account for the expected between-study variability for each
study, i.e., we drew pooled estimates under the assumption
that each study had different characteristics and measured
different, though related, underlying yields (9). We used
STATA version 11.0 software (StataCorp., College Station,
TX, USA) for statistical analysis. The studies included in
the meta-analysis were weighted by the inverse variance of
their effect-size estimate (10).

To assess the fraction of TB in the population
attributable to the exposure to health care settings,
we calculated the PAF using Levin’s formula (online
Technical Appendix) (11). As a proxy for the proportion
of the population working in health care settings, we
considered the population of doctors, laboratory workers,
nurses, and midwives as reported in WHO’s Global Health
Atlas (8). Community health workers were not included
in this population because no study reported TB cases
from these categories. We assessed heterogeneity across
studies by the conventional y? test for heterogeneity and by
calculating the I? statistic, which accounts for the number
of studies included in the meta-analysis and directly
measures the variability not explained by information in
the analysis (12).

To investigate possible sources of heterogeneity, we
stratified the analysis accounting for TB incidence estimated
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in the country where the study had been conducted. In
particular, we defined 3 strata: countries with low TB
incidence (i.e., <50 cases/100,000 persons), countries
with intermediate TB incidence (i.e., 50-99 cases/100,000
persons), and countries with high TB incidence (i.e., >100
cases/100,000 persons). Furthermore, to formally assess
the effect of selected variables, such as the country income
level as classified by the World Bank (13), the density of
HCWs as reported by WHO (8), and the year the study
was published, as possible sources of heterogeneity, we
performed meta-regression analyses in which variance
results from 2 additive components, 1 representing the
variance within units, and the other the variance between
units. Finally, we qualitatively assessed publication bias
by drawing a funnel plot (online Technical Appendix
Figure 1).

Results

We identified 846 potentially relevant unique
citations from all literature searches and 74 from previous
systematic reviews (Figure 1). Forty-three studies were
eligible for inclusion (online Technical Appendix); these
studies accounted for 1,176 cases of LTBI among HCWs
and 49,576 person-years of follow-up and for 1,942 TB
cases and >1,010,047 person-years of follow-up. Twenty-
five and 18 studies reported LTBI and TB incident cases
among HCWs, respectively (online Technical Appendix
Tables 1, 2).

LTBlI among HCWs

A median of 23 (interquartile range [IQR] 14-59)
LTBIs occurred among HCWs. These LTBIs accounted
for a median of 731 (IQR 111-2,144) person-years in each
study.

The median estimated ARTI among HCWs was
2.9% (IQR 1.8%—8.2%) for studies from countries with
low TB incidence, 8.7% (IQR 3.9%—10.5%) for studies
from countries with intermediate TB incidence (in the
present study only Brazil), and 7.2% (IQR 4.1%—14.3%)
for studies from countries with high TB incidence.
Consistently, the stratified pooled estimates for the ARTI
were 3.8% (95% CI 3.0%—4.6%, 1> = 98%), 6.9% (95% CI
3.4%-10.3, I* = 78%), and 8.4% (95% CI 2.7%—14.0%, I?
= 89%), respectively (Figure 2). Given that most studies
in the meta-analysis were from countries with low TB
incidence and that the variability of estimates was higher
from countries with intermediate and high TB incidence,
the overall (pooled) estimates of ARTI was 4.6% (95% CI
4.1%-5.6%, I = 97%).

TB among HCWs
A median of 34 (IQR 18-108) TB cases occurred
among HCWs; each study accounted for a median of
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Potentially relevant Additional
citations identified full texts identified
from electronic from reviews 709 excluded:
databases (N =772) (N=T74) + Published in non-English, Spanish,

\ / French, or Italian literature
+ Not relevant to TB or HCWs screening

| Records screened (n = 8486) }—p

fitles and abstracts

94 full-text articles excluded:

137 full-text articles d + Case series (n = 18)

for eligibility + Outbreak investigations (n = 12)

+ Pravalence studies (n=7)
1 * Summary data (n = 16)

+ TB treatment recommendations (n = 15)

43 full-text articles screened for eligibility + INF gamma diagnosis methods (n = 7)

criteria {included in the systematic review) - Study beginning before year 1980 (n = 18)

Figure 1. Flow diagram for selection of studies of tuberculosis (TB)
in health care workers (HCWs) published during January 2005-
July 2010. INF, interferon.

12,689 (IQR 2,979-57,279) person-years. The median
estimated annual incidence of TB among HCWs was 67
cases/100,000 persons (IQR 40-142), 91/100,000 persons
(IQR 81-723), and 1,180/100,000 persons (IQR 91-3,222)
for studies from countries with low, intermediate, and high
TB incidence, respectively. The median estimates for TB
incidence for the general population adopted as comparisons
were 33/100,000 persons (IQR 27-37), 82/100,000 persons
(IQR 58-223), and 311/100,000 persons (IQR 168—405),
respectively. Median estimated annual TB IRRs were 2.0
(IQR 1.54.1), 1.4 (IQR 0.4-8.8), and 5.4 (IQR 1.7-9.1),
respectively.

Incidance calegory and aludy

Lorw TB incidence

Incidencs « 100 [95% CI} Weight. %

TB among Health Care Workers

The median differences in TB incidence for countries
with low, intermediate, and high TB incidence were 34
cases/100,000 persons (IQR 12-105), 33/100,000 persons
(IQR-41 to 641), and 409/100,000 persons (IQR 166—
2817), respectively. These findings suggest that 49%, 27%,
and 81% of TB cases, respectively, among HCWs were
attributable to exposure in health care settings.

For countries with low and intermediate TB incidence,
stratified pooled estimates for annual TB IRRs were
similar: 2.42 (95% CI 1.20-3.64, I* = 85%) and 2.45 (95%
CI 1.05-3.84, I? = 98%), respectively (Figure 3). The TB
IRRs for countries with high TB incidence was higher: 3.68
(95% CI 2.89-4.48, I = 96%%). The overall estimate of
annual TB IRR was 2.97 (95% CI 2.43-3.51, I*= 98%)).

For countries with low TB incidence, the proportion of
HCWs in the population ranged from 1.7 to 8.2 HCWs per
1,000 residents. For countries with intermediate and high
TB incidence, the proportion of HCWs in the population
ranged from 3.5 to 12.8 HCWs per 1,000 residents and
from 0.6 to 4.8 HCWs per 1,000 residents, respectively.

Using the estimated annual TB IRR and the reported
population numbers of HCWs for each country of interest,
we estimated the PAF. The median estimated PAF for TB
was 0.36% (IQR 0.13-2.24) for studies from countries with
low TB incidence, 0.43% (IQR —0.82 to 2.66) for studies
from countries with intermediate TB incidence, and 0.38%
(IQR 0.14-0.78) for studies from countries with high TB
incidence.

For each level of IRR, a nonlinear relationship existed
between the PAF and the percentage of HCWs in the
population (online Technical Appendix Figure 2). For

Figure 2. Forrest plot showing study-specific and
pooled estimates of the annual incidence of latent
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Incidence category and study

Low TB incidence

Figure 3. Forrest plot showing the
study-specific and pooled estimates
of incidence rate ratios (RR) for
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example, Harries et al. (14) and Rao et al. (15) reported
similar IRRs (7.9 and 7.6, respectively), but because of
the different proportion of HCWs working in health care
settings in Malawi and India, respectively, the estimated
PAF varied widely (0.42% and 1.21%, respectively). On the
other hand, Gopinath et al. (16) and Rao et al. (15) reported
from India; thus, the proportion of population working
in health care settings was assumed to be the same (1.9
HCWSs/1,000 persons, respectively) but the large difference
in IRR reported in the 2 studies produced a substantial shift
in the estimated PAF (from 0.04% to 1.2%).

The meta-regression model, which accounts for both
the effect of country income levels as classified by the
World Bank (13) and for the HCWs densities as reported
by WHO (8), has shown that the between-studies variance
was significantly reduced (t* decreased from 1.2-0.71).
In particular, the IRR for TB among HCWs decreased by
~10% as the HCW density increased by 1/1,000 persons
and by about two thirds in middle-income countries,
compared with low-income countries. However, the
variability not explained by the information included in the
analysis decreased to only 96%. Incorporating the effect of
time (i.e., year of publication of the paper) in the analysis
did not significantly decrease the heterogeneity between
the studies.

Finally, visual inspection of the funnel plot suggested
a possible publication bias for the studies reporting TB
incidence among HCWs from countries with high TB
incidence (online Technical Appendix). A formal testing
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procedure that used the Begg test, however, failed to
confirm such a bias (17).

Discussion

The results of our analysis show that the risk for TB
among HCWs is consistently higher than the risk among
the general population worldwide. This finding confirms
that TB is an occupational disease. The introduction of
TB transmission control measures, essential to protect
HCWs, may decrease TB annual incidence among HCWs
by as much as 49%, 27%, and 81% in countries with low,
intermediate, and high TB incidence, respectively.

The annual risk for LTBI among HCWs and the TB
IRRs, excluding the study by Dimitrova et al. (18), increase
according to the background TB incidence in the population.
The exceptionally low IRR estimated from the study by
Dimitrova et al. may be a consequence of our decision to
calculate TB IRR by pooling HCWs working in general
health services and in TB facilities and considering as a
reference TB incidence in the general population of Russia
(95/100,000), which was higher than the incidence reported
in the Samara Oblast (75/100,000), where the study was
conducted. The reported incidence among HCWs working
in general health services was 69/100,000, whereas the
incidence among staff at the TB services was 741/100,000,
which is 10x higher than among the general population.

The high PAF represents the effect of an increase in
the HCW population in a specific setting, as may occur in
countries undergoing socioeconomic transition, without
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the concomitant introduction of TB transmission control
measures, and the consequential increased effects of health
care settings on the total incidence of TB in the population.
In contrast, low PAF estimates might represent the effect
of the introduction of TB transmission control measures in
health care settings, and the consequential reduced effects
of health care settings on total incidence of TB in the
population.

Our study suggests that the effect of TB in HCWs
(estimated by PAF) on global TB incidence does not exceed
5% and is comparable across countries with different
background TB incidence, possibly because the proportion
of HCWs and the TB IRRs counterbalance each other.
Such estimated PAF figures call for urgent improvement of
TB control measures in health care settings, particularly in
settings that have a high IRR for TB.

The substantial heterogeneity between studies could be
due to differences in methodologic quality, study design,
sampling variability, and study populations across studies.
In particular, some studies focused specifically on high-risk
groups among HCWs, such as laboratory workers (19-21)
and nurses (22). Furthermore, we could not discriminate
between settings where infection transmission control
measures were or were not implemented. It was equally
difficult to classify settings according to their risk for
admitting a person with unsuspected TB or according to
the characteristics of the population attending the health
care facilities, such as homeless persons, drug abusers, or
migrants from countries with high TB prevalence.

The analysis restricted to the studies reporting cases
among HCWs, regardless of their specific professional role,
did not show any significant variation of the IRR estimates.
Whether the HCWs investigated were representative of
the national population of HCWs for each reported study
was impossible to know; thus, IRR estimates resulting
from the comparison of their risk for TB with the risk for
the general population could be nonrepresentative of the
national estimates. The density of HCWs and the level
of income of each country, considered simultaneously in
the analysis, accounted for some between-study variance.
The IRR for TB decreased with the proportion of the
population working in health care settings and in middle-
income countries compared with high-income countries.
Unfortunately, however, much of the heterogeneity still
remained unexplained.

The method adopted to estimate the PAF typically
measures the effects on a population of risk factors for
noncommunicable diseases (11), ignoring the specific
component of TB transmission dynamics between local
community and health care settings (23). Thus, the PAF
estimates presented here should be considered a lower
limit for the real effects of controlling TB transmission in
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health care settings, accounting for the remaining 2 main
components acting on such an effect: the proportion of the
population working in health care settings and the role of
transmission control measures. Furthermore, PAF estimates
do not account for patient-to-patient transmission of TB in
health care facilities. Patient-to-patient transmission could
constitute a major pathway of TB transmission, especially
in settings of high HIV prevalence. Control of TB
transmission in such a group could appreciably reduce the
overall incidence of TB in the general population. However,
data on TB transmission among patients are scanty and
difficult to analyze in the context of this systematic review.

Although the cost-effectiveness assessment of
the introduction of TB transmission control measures,
encapsulated in the WHO Stop TB Strategy (24), is
beyond the scope of this article, such a potential reduction
of TB incidence among HCWs would make attractive
a range of infection transmission control strategies.
Managerial activities, administrative controls, adoption
of NO5 respirators, and engineering controls all represent
potentially effective measures. The implementation of a
sound TB infection control package based on the facility
assessment, is hampered by constraints in poor resource
settings; nevertheless, administrative controls alone have
been proven effective in decreasing the risk for TB among
HCWs (25-27).

In conclusion, our findings show that HCWs are at
higher than average risk for infection with Mycobacterium
tuberculosis and of developing TB disease. For this reason,
sound TB infection control measures, including early
diagnosis and prompt treatment of infectious cases, should
be prioritized. Drug resistance emphasizes the urgency for
implementing such measures, which would also benefit
reduction of patient-to-patient transmission in health care
facilities.
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