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Abstract: Background. In the past few years, healthcare workers (HCWs) have been considered at
higher risk for tuberculosis (TB) infection than the general population. On the other hand, recent
studies have reported a low conversion rate among these workers. Recently, the Center for Disease
Control (CDC) updated its recommendations, suggesting that an annual screening should not be
performed in the absence of a documented exposure but only in workers with high-risk duties or
with job tasks in settings at high risk of tuberculosis contagion (e.g., departments of infectious or
pulmonary diseases). In fact, some studies showed that annual tuberculosis screening for all the
HCWs was not cost-effective in countries with a low incidence of TB. In this study, we evaluated
the conversion rate and the cost-effectiveness of two different tuberculosis screening strategies in a
large population of Italian HCWs. Methods. In our retrospective study, we reviewed data coming
from a tuberculosis screening conducted on 1451 HCWs in a teaching hospital of Rome. All workers
were evaluated annually by means of the Quantiferon test (QFT) for a five-year period. Then, the
conversion rate was calculated. Results. We found a cumulative conversion rate of 0.6%. Considering
the cost of the QFT test (48.26 euros per person), the screening of the HCWs resulted in a high financial
burden (38,902.90 euros per seroconversion). Only one seroconversion would have been missed by
applying the CDC updated recommendations, with a relevant drop of the costs: 6756.40 euros per
seroconversion, with a global save of 296,075.10 euros. Conclusion: The risk of TB conversion among
our study population was extremely low and it was related to the risk classification of the setting.
Giving these results, the annual tuberculosis screening appeared to not be cost effective. We conclude
that a targeted screening would be a better alternative in HCWSs with a higher risk of TB exposure.
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1. Introduction

Tuberculosis (TB) transmission in a healthcare environment is a major public health concern.
Healthcare workers (HCWs) are considered at higher risk for TB contagion compared to the general
population, due to their possible occupational exposure to Mycobacterium tuberculosis [1,2]. For HCWs
in intermediate to high-risk setting, the annual probability of exposure to contagious TB patients is
estimated to range between 1.3% and 13.5%, depending on both the working area and the job task [3-5].
After exposure to a contagious TB patient, HCWs have a 22% probability of becoming infected, but this
percentage is highly variable depending on many factors (i.e., characteristics of the patient, employee
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immune status, etc.) [5]. In a recent meta-analysis, HCWSs have been estimated to be both at high risk
for active (A) and latent tuberculosis infection (LTBI) based on the results of epidemiological studies
conducted in high and intermediate incidence countries [2]. A follow-up study carried out among
a large number of North American hospital workers during the period 1995-2007 reported that TB
incidence rates among HCWs were similar to those of the general population [6], foreign birth being the
major risk factor of LTBI [7-13]. Moreover, a recent retrospective cohort study found an extremely low
rate of Tuberculin Skin Test (TST) conversion among a large population of HCWs working in the low
TB-incidence United States. In this population, the observed conversion rate was 0.3% per year, and a
limited proportion of cases was attributable to occupational exposure [14], raising questions about the
cost-effectiveness of routine screening for TB among HCWs. A recent analysis conducted in Canada
found that the annual TST screening strategy was not cost effective when compared with more targeted
TST screening [15]. The annual TST screening strategy yielded an extremely high incremental cost per
additional case prevented versus targeted TST screening. Based on the results of those studies, the
Center for Disease Control (CDC) recently updated the TB screening recommendations for HCWs [16].
These recommendations stated that in the absence of known exposure or evidence of ongoing TB
transmission, U.S. HCWs should not undergo routine serial testing at any interval after baseline
evaluation, except for certain occupational groups who might be at increased risk for TB transmission
(e.g., pulmonologists or respiratory therapists) or for those HCWs working in settings where the
transmission has occurred in the past (e.g., emergency departments) [16]. The main reasons for those
recommendations were: the low risk of TB transmission among HCWs, the poor sensitivity and
specificity of available screening tests (TST and Interferon-Gamma Release Assays/IGRAs) in low-risk
groups and the unfavorable cost-effectiveness of serial screening [12,17]. In Italy, TB transmission is
actually low, being 6.5/10000 per year, of which most of the cases regarding foreign persons come from
high incidence countries [18]. Actually, based on the Italian Ministerial recommendations, TB screening
for HCWs is performed at baseline, after known exposure, and periodically (most often annually) in
the intermediate to high-risk settings [19]. Our study aimed to evaluate the TB conversion rate among
a group of HCWs in Italy employed at a university hospital in Rome and the cost-effectiveness of
annual screening in those subjects, as compared to the results and costs that would had been obtained
by applying the updated CDC recommendations.

2. Materials and Methods

In our retrospective study, we reviewed the clinical records of all HCWs employed at the Tor
Vergata University hospital, whether or not working in high TB risk areas. Data were collected during
the health surveillance visit at the Occupational Medicine Unit throughout the period from 1 January
2013 to 31 December 2018. TB infection was evaluated through the Quantiferon test (QFT). The results
of the test were classified in accordance with the interpretative guidance provided by the manufacturer,
i.e., “positive” or “negative” are respectively classified whether above or below the cutoff level of 0.35
IU/ml for antigen-specific Interferon-Gamma when compared to a negative control.

Conversion was defined as a positive test in a previously negative subject. Latent tuberculosis
infection condition is defined by the positivity of the QFT test and the negativity of the
clinical-radiological assessment, which was conducted for excluding an active infection. For each
subject, the following data were recorded: age at the beginning of the study, gender, job task, and area
of employment. The risk classification for each subject enrolled was performed according to the 2013
Italian guidelines. These guidelines encompass five growing levels from A (low risk) to E (ongoing
transmission) based on the risk evaluation at area, department, and single operator level.

Inclusion criteria: HCWSs negative at the baseline test (at the beginning of observational period)
and having a job task including the direct patient care (medical doctors, nurses, and laboratory and
radiology technicians). Exclusion criteria: HCWSs with a positive test at baseline, having previous
diagnosis or treatment for active and/or latent TB infection, performing only administrative tasks or
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other tasks not involving the direct patient care and finally, HCWs with incomplete records or with a
long (>12 months) period of absence from work during the observational period.

We evaluated the conversion rate among our study population in respect to the more significant
variables using univariate and multivariate regression analysis.

Moreover, we compared the cost-effectiveness of the current annual serial screening practices
for LTBI among Italian HCWs working in a setting where they may meet TB patients, with that of
a “targeted” test approach recommended by CDC 2019 updates. According to this strategy, only
operators involved in high-risk activities (pneumologists or workers in an emergency area) and/or
recent contact with a case of active disease should be tested. For cost-benefit analysis, we assumed a
100% compliance of HCWs to the screening test for both strategies. In the annual screening strategy, all
subjects negative at baseline were retested with QFT during the subsequent year, regardless of their
risk profile. In targeted screening strategy, we considered that HCWs negative at baseline were retested
only after recognized exposure to a case of contagious TB and/or annually if they were employed in
high-risk areas.

Operators who converted their QFT test from negative to positive underwent investigation for
active TB and were offered isoniazid for LTBI, once active disease was excluded. Moreover, those
workers were excluded from subsequent QFT tests (Figure 1).
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HCWs in high Test — p Exclude >
\ /risk area conversion active TB Aclive T8
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Figure 1. Representation of the two screening strategies. HCWs: healthcare workers, TB: tuberculosis,
LTBI: latent TB infection.

The annual risk of progression to active TB for infected workers was estimated to be 10% lifetime [1].
Since CDC guidelines suggest using Interferon-Gamma Release Assays for the diagnosis of latent
tuberculosis infection among HCWs [20], we used the direct cost of the QFT test (48.26 euros) in the
cost-effectiveness evaluation [21].

The data were processed with IBM SPSS statistical package release 21.

The study was approved by the ethical committee of the Policlinic of Rome Tor Vergata. Ethical
committee authorization number 194/2018.

3. Results

We examined the clinical records of 1451 subjects (478 males and 973 females). The mean age was
40.9 years. The main characteristics of the study populations are shown in Table 1.
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Table 1. Main characteristics of study population. IGRA: Interferon-Gamma Release Assays.

Variables n %
Subjects 1451 100
Mean age 40.95

Age class

<40 years 733 50.5
>40 years 718 49.5
Gender

Males 478 33
Females 973 67

Born in high incidence countries

No 1417 97.7
Yes 34 2.3
Seniority

<10 years 424 29
>10 years 1027 71
Job task

Nurse 649 44.7
Medical doctor 555 38.2
Laboratory personnel 126 8.7
Technician 20 14
Dentistry 11 0.8
Other 90 6.2
Risk level

Low-intermediate (Level A, B, and C) 1319 90.9
High risk (Level D, E) 132 9.1
Periodical screening recommended (CDC 2019)

No 1227 84.6
Yes 224 15.4
Conversion at IGRA test

No 1442 99.38
Yes 9 0.62

Conversion at the QFT test was found in 9/1471 subjects (0.6%) during the whole study period
corresponding to a rate of 1.2/1000 per year. The rate of conversion was higher among male (1.2%
versus 0.3%; p < 0.005), subjects over 40 years old (0.8% versus 0.4%; p = n.s.), nurses (0.9% versus
0.4%), workers in high-risk settings (1.3% versus 0.5%; p = n.s.) and occupation group recommended
for annual screening according to CDC 2019 guidelines (3.6% versus 0.1%; p < 0.001).

The odds ratio (OR) for IGRA conversion over the five-year period, in relation to gender, age class,
job task, risk class, and suitability to be included in the periodical follow up according to CDC 2019
recommendations are reported in Table 2. We found that the male gender and CDC classification were
the only relevant predicting variables in the multivariate analysis. The annual conversion rate was
7.0/1000 in the group for whom the screening is recommended and 0.2/1000 in the group not suitable
for routine screening according to CDC recommendations. Only one case of conversion occurred in
the last group during the observational period.
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Table 2. Odds ratio (OR) for IGRA conversion in relation to gender, age class, job task, and
risk classification.

Variables O.R. 95% (C.L) 4
Male gender 4.25 1.01-18.08 <0.05
Age >40 years 2.22 0.52-9.42 n.s.
Job task: nurse 0.61 0.13-2.88 n.s.
Working in high risk setting (Level D, E) 0.75 0.15-3.80 ns.
Recommended for periodical screening 65.8 7.42-584.41 <0.01

No case of active TB was found in the study population during the follow-up.

Regarding the cost analysis, we compared the cost-effectiveness of the two hypotheticals strategies
of screening (annual testing versus CDC “targeted” screening). The annual screening of the HCWs
by means of the QFT test resulted in high costs (38,902.90 euros per seroconversion). Only one case
of seroconversion would have been missed by applying the CDC updated recommendations, with a
relevant drop of the costs: 6756.40 euros per seroconversion. Its application would have saved about
296.075 euros among our population in the study period. Considering the effective conversion rate and
the risk of progression reported in the literature (10% lifetime) [1], we should expect to have no case of
active tuberculosis in the next 100 years; moreover, the annual screening strategy using the IGRA test
should have yielded an incremental cost estimate respectively of 2960.750 euros per additional case
prevented versus targeted screening.

4. Discussion

HCWs have been historically considered to be at higher risk for tuberculosis infection, but it could
be no longer the case [14-16]. Our study suggests that, in an Italian hospital setting, the conversion
rate is low, and the routine annual screening for HCWs who work in typical healthcare facilities
provides limited benefit at high cost as compared to a more targeted strategy. The recent updated
recommendations from the National Tuberculosis Controllers Association and Center for Disease
Control for tuberculosis screening, testing, and treatment of HCWs in the United States suggest testing
all HCWs at baseline with IGRA (or TST in alternative) but not to perform routine serial TB testing at
any interval after baseline in the absence of a known exposure or ongoing transmission [16]. Moreover,
according to those guidelines, serial TB testing should involve groups of workers who might be
considered at higher occupational risk for TB (such as pulmonologists) or workers in certain areas
where the transmission has occurred in the past, such as the emergency departments. The rationale for
those recommendations (low conversion rate among US hospital personnel, limited sensitivity and
specificity of both IGRA and TST in low-incidence populations) seems to be valid in our population.
Testing low-risk HCWs in our study led to a limited benefit if any with large incremental costs. The
application of CDC recommendations would have allowed us to identify all but one case of conversion
in the study period.

Considering the conversion rate in workers not included according to the CDC recommendations
and the rate of conversion among immunocompetent HCWs, the overall expected risk to develop an
acute TB case in our population is of one case during the next 50 years period, which is a risk that can be
considered negligible. Nevertheless, the estimated cost of preventing those additional cases of TB in our
setting is surprisingly high, and the annual screening seems not to be justified. Indeed, the resources
used for the testing could be spent more effectively in the prevention of occupational contagion in
intermediate/high risk groups. In a study conducted in Canada [15], the annual TST screening strategy
was not cost-effective and yielded an additional cost estimate of $1717.539 Canadian dollars (over
1,511,000 euros) per additional case prevented versus targeted screening. Those evaluations were
based on the conversion rate estimated in a low-risk scenario, as it is in our case.

Moreover, false positive subjects would have received unnecessary radiological screening,
unnecessary six-months isoniazid therapy with related indirect costs (estimated to be over 1400
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euros), and potential health risk due to the hepatotoxicity of the antibiotic regimen [22].In Italy, there is
not a mandatory regulation regarding the frequency of routine test in the hospital population. However,
in intermediate to high-risk settings, it is usually performed annually. Our study clearly shows that
the CDC update recommendations are applicable to the Italian HCWs and are highly cost-effective.
A reasonable alternative strategy to the use of the IGRA test on a targeted identified population
at higher risk of TB infection is the use of TST as a first-step screening, according to the Italian
guidelines [19], in particular for those HCWs undergoing serial testing. According to this strategy, the
IGRA test has a central role as a TB second step-screening, in order to reduce the number of people
that should undergo more invasive tests (X-ray diagnosis and/or chemotherapy). TST followed by
QFT was particularly cost-effective when the rate of LTBI in the screened population was low [23,24].

5. Conclusions

Our study shows that the risk of TB conversion among an Italian hospital population is extremely
low and it is related to the risk classification of the setting. Giving these results, the annual tuberculosis
screening for all the HCWs appeared to not be cost-effective, according to the 2019 CDC guidelines.
Giving this data, we may conclude that a targeted screening would be a better alternative if conducted
in HCWs with a higher risk of TB exposure.

Author Contributions: Conceptualization, L.C. and G.S.; methodology, L.C.; formal analysis, S.B. and E.T.;
investigation, E.T. and A.T,; data curation, I.D. and S.P,; writing—original draft preparation, L.C.; writing—review
and editing, G.S.; supervision, A.P; project administration, L.C.; All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.  CDC. Guidelines for Preventing the Transmission of Mycobacterium tuberculosis in Health—Care Settings,
2005. MMWR 2005, 54, 1-141.

2. Uden, L.; Barber, E.; Ford, N. Cooke GS Risk of Tuberculosis Infection and Disease for Health Care Workers:
An Updated Meta-Analysis. Open Forum Infect. Dis. 2017. [CrossRef]

3. Casas, I.; Esteve, M.; Guerola, R.; Garcia-Olive, I.; Roldan-Merino, J.; Martinez-Rivera, C.; Ruiz-Manzano, J.
Incidence of tuberculosis infection among healthcare workers: Risk factors and 20-year evolution. Respir.
Med. 2013, 107, 601-607. [CrossRef]

4. Salpeter, S.R.; Salpeter, E.E. Screening and treatment of latent tuberculosis among healthcare workers at
low, moderate, and high risk for tuberculosis exposure: A cost-effectiveness analysis. Infect. Control. Hosp.
Epidemiol. 2004, 25, 1056-1061. [CrossRef]

5. Muzzi, A.; Seminari, E.; Feletti, T.; Scudeller, L.; Marone, P,; Tinelli, C.; Minoli, L.; Marena, C.; Mangiarotti, P;
Strosselli, M. Post-exposure rate of tuberculosis infection among health care workers measured with
tuberculin skin test conversion after unprotected exposure to patients with pulmonary tuberculosis: 6-year
experience in an Italian teaching hospital. BMC Infect. Dis. 2014, 14, 324. [CrossRef]

6. Lambert, L.A.; Pratt, R H.; Armstrong, L.R.; Haddad, M.B. Tuberculosis among healthcare workers, United
States, 1995-2007. Infect. Control. Hosp. Epidemiol. 2012, 33, 1126-1132. [CrossRef]

7. Magrini, A.; Coppeta, L.; Somma, G.; Neri, A.; Gentili, S.; Fiocco, G.; Pietroiusti, A. Risk of tuberculosis in
healthcare workers: Risk assessment and medical surveillance. Ig. Sanita Pubbl. 2016, 72, 137-143.

8. Lamberti, M.; Muoio, M.R.; Westermann, C.; Nienhaus, A.; Arnese, A.; Ribeiro Sobrinho, A.P.; Di Giuseppe, G.;
Garzillo, E.M.; Crispino, V.; Coppola, N.; et al. Prevalence and associated risk factors of latent tuberculosis
infection among undergraduate and postgraduate dental students: A retrospective study. Arch. Environ.
Occup. Health 2016, 28, 1-7. [CrossRef]

9.  Schablon, A.; Beckmann, G.; Harling, M.; Diel, R.; Nienhaus, A. Prevalence of latent tuberculosis infection
among health care workers in a hospital for pulmonary diseases. J. Occup. Med. Toxicol. 2009, 4, 1. [CrossRef]


http://dx.doi.org/10.1093/ofid/ofx137
http://dx.doi.org/10.1016/j.rmed.2012.12.008
http://dx.doi.org/10.1086/502343
http://dx.doi.org/10.1186/1471-2334-14-324
http://dx.doi.org/10.1086/668016
http://dx.doi.org/10.1080/19338244.2016.1167006
http://dx.doi.org/10.1186/1745-6673-4-1

Int. |. Environ. Res. Public Health 2020, 17, 1697 7of7

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Coppeta, L.; Pietroiusti, A.; Neri, A.; Janni, A.; Papa, F; Magrini, A. Prevalence and risk factors for latent
tuberculosis infection among healthcare workers in a low incidence country. Open Respir. Med. J. 2019, 4, 1-4.
[CrossRef]

Durando, P.; Sotgiu, G.; Spigno, F.; Piccinini, M.; Mazzarello, G.; Viscoli, C.; Copello, F,; Poli, A.; Ansaldi, F;
Icardi, G. Latent tuberculosis infection and associated risk factors among undergraduate healthcare students
in Italy: A cross-sectional study. BMC Infect. Dis. 2013, 13, 443. [CrossRef]

Zwerling, A.L.; van den Hof, S.; Scholten, J.; Cobelens, F; Menzies, D.; Pai, M. Interferon-gamma release
assays for tuberculosis screening of healthcare workers: A systematic review. Thorax 2012, 67, 62-70.
[CrossRef]

Coppeta, L.; Baldi, S.; Somma, G.; Tursi, E.; Policardo, S.; Balbi, O.; Lieto, P; Pietroiusti, A.; Magrini, A.
QuantiFERON-TB Gold Plus evaluation for latent tuberculosis infection among Italian healthcare workers:
A cross-sectional study. Epidemiol. Biostat. Public Health 2019, 16, 2. [CrossRef]

Dobler, C.C.; Farah, W.H.; Alsawas, M.; Mohammed, K.; Breeher, L.E.; Murad, M.H.; Molella, R.G. Tuberculin
skin test conversions and occupational exposure risk in US healthcare workers. Clin. Infect. Dis. 2018, 66,
706-711. [CrossRef]

Mullie, G.A.; Schwartzman, K.; Zwerling, A.; N'Diaye, D.S. Revisiting annual screening for latent tuberculosis
infection in healthcare workers: A cost-effectiveness analysis. BMC Med. 2017, 15, 104. [CrossRef]

Sosa, L.E.; Njie, G.J.; Lobato, M.N.; Morris, S.B.; Buchta, W.; Casey, M.L.; Goswami, N.D.; Gruden, M.;
Hurst, B.J.; Khan, A.R.; et al. Tuberculosis Screening, Testing, and Treatment of U.S. Health Care Personnel:
Recommendations from the National Tuberculosis Controllers Association and CDC, 2019. MMWR Morb.
Mortal. Wkly. Rep. 2019, 68, 439-443. [CrossRef]

Dorman, S.E.; Belknap, R.; Graviss, E.A.; Reves, R.R.; Schluger, N.; Weinfurter, P.; Wang, Y.; Cronin, W,;
Hirsch-Moverman, Y.; Teeter, L.D.; et al. Tuberculosis Epidemiologic Studies Consortium. Interferon-y
release assays and tuberculin skin testing for diagnosis of latent tuberculosis infection in healthcare workers
in the United States. Am. J. Respir. Crit. Care Med. 2014, 189, 77-87.

WHO. Regional Office for Europe/European Centre for Disease Prevention and Control. In Tuberculosis
Surveillance and Monitoring in Europe 2017-2019 Data; WHO Regional Office for Europe: Copenhagen,
Denmark, 2019.

Ministero Della Salute. “Prevenzione Della Tubercolosi Negli Operatori Sanitari e Soggetti ad Essi Equiparati”.
In Accordo Conferenza Stato Regioni, February; 2013. Available online: http://www.salute.gov.it/imgs/C_17_
pubblicazioni_1901_allegato.pdf (accessed on 26 February 2013).

Lewinsohn, D.M.; Leonard, M.K,; LoBue, PA.; Cohn, D.L.; Daley, C.L.; Desmond, E.; Keane, J;
Lewinsohn, D.A.; Loeffler, AM.; Mazurek, G.H.; et al. Official American Thoracic Society/Infectious
Diseases Society of America/Centers for Disease Control and Prevention Clinical Practice Guidelines:
Diagnosis of Tuberculosis in Adults and Children. Clin. Infect. Dis. 2017, 64, 111-115. [CrossRef]

Steffen, R.E.; Caetano, R.; Pinto, M.; Chaves, D.; Ferrari, R.; Bastos, M.; De Abreu, S5.T.; Menzies, D.; Trajman, A.
Cost-effectiveness of Quantiferon®-TB Gold-in-Tube versus tuberculin skin testing for contact screening and
treatment of latent tuberculosis infection in Brazil. PLoS ONE 2013, 8, €59546. [CrossRef]

US Department of Health and Human Services—CDC. Treatment regimens for latent TB infection (LTBI).
2017. Available online: https://www.cdc.gov/tb/topic/treatment/ltbi.htm (accessed on 13 February 2020).
Kowada, A ; Takasaki, J.; Kobayashi, N. Cost-effectiveness of interferon-gamma release assay for systematic
tuberculosis screening of heathcare workers in low-incidence countries. J. Hosp. Infect. 2015, 89, 99-108.
[CrossRef]

Napoli, C.; Ferretti, F.; Di Ninno, F,; Orioli, R.; Marani, A.; Sarlo, M.G.; Prestigiacomo, C.; De Luca, A.;
Orsi, G.B. Screening for Tuberculosis in Health Care Workers: Experience in an Italian Teaching Hospital.
Biomed. Res. Int. 2017, 2017, 7538037. [CrossRef] [PubMed]

@ © 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.2174/1874306401913010001
http://dx.doi.org/10.1186/1471-2334-13-443
http://dx.doi.org/10.1136/thx.2010.143180
http://dx.doi.org/10.2427/13123
http://dx.doi.org/10.1093/cid/cix861
http://dx.doi.org/10.1186/s12916-017-0865-x
http://dx.doi.org/10.15585/mmwr.mm6819a3
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1901_allegato.pdf
http://www.salute.gov.it/imgs/C_17_pubblicazioni_1901_allegato.pdf
http://dx.doi.org/10.1093/cid/ciw778
http://dx.doi.org/10.1371/journal.pone.0059546
https://www.cdc.gov/tb/topic/treatment/ltbi.htm
http://dx.doi.org/10.1016/j.jhin.2014.10.002
http://dx.doi.org/10.1155/2017/7538037
http://www.ncbi.nlm.nih.gov/pubmed/28337457
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	Conclusions 
	References

