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Tuberculosis among Health Care Workers 

Technical Appendix 

Search Terms 

(“tuberculosis” or “tuberculosis, multidrug-resistant” or “extensively drug-resistant 

tuberculosis”) and (“occupational exposure” or “health personnel” or “outpatients” or 

“nursing homes” or “caregivers” or “physicians” or “medical staff, hospital” or “nurses” or 

“nurses” aides” or “nurse practitioners” or “students, medical” or “students, nursing” or 

“health and worker” or “health and care”) and (“cross infection” or “disease transmission” or 

“disease transmission, professional-to-patient” or “disease transmission, patient-to-

professional” or “occupational diseases” or “occupational exposure” or “nosocomial 

tuberculosis” or “occupational tuberculosis” or “hospital exposure” or “occupational 

hazard”). 

Levin’s Formula 

To assess the fraction of tuberculosis in the population that was attributable to the exposure to 

health care settings, we calculated the PAF using Levin’s formula: 
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where IRR is the TB IRR measured from each study, and Pe is the proportion of the 

population working in health care settings. As 

List of Studies included in the Systematic Review 

Twenty-five studies reported latent Mycobacterium tuberculosis infection (LTBI) cases 

among health care workers (HCWs) (Technical Appendix Table 1) (1–25). Eighteen studies 

reported tuberculosis cases among HCWs (Technical Appendix Table 2) (26–43). Three 

studies could not be located and were excluded from the analysis (44–46). 
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Technical Appendix 1 Table 1. Studies reporting incidence of latent TB infection among HCWs, by incidence level, January 2005–July 
2010* 

Study, country, and reference Study period Types of hospital workers 
No. cases  

(no. persons at risk) ARTI, %† 
Incidence <50/100,000     
 Adal et al., United States (1) 1990–1992 All  23 (124,869) 0.21 
 Baussano et al., Italy (2) 1998–2004 All  146 (8,122) 1.80 
 LoBue et al., United States (3) 1993–1995 All  59 (9,905) 0.60 
 Liss et al., Canada (4) 1991–1994 All  18 (809) 2.22 
 Miller et al., United States (5) 1990–1992 All  138 (2,362) 5.84 
 Behrman et al., United States (6) 1994–1995 All  57 (2,564) 2.22 
 Larsen et al., United States (7) 1994–1998 All  69 (5,773) 1.19 
 Blumberg et al., United States (8) 1992–1997 All  52 (2,144) 2.43 
 Zahnow et al., United States (9) 1992–1995 All  22 (766) 2.87 
 Warren et al., United States (10) 1992–1998 All  21 (731) 2.87 
 Menzies et al., Canada (11) Not reported Microbiology and pathology  14 (111) 12.61 
 Louther et al., United States (12) 1991–1994 All  65 (898) 7.24 
 Menzies et al., Canada (13) 1995–1996 All  238 (1,289) 18.46 
 Rullán et al., Spain (14) 1991–1995 All  24 (92) 26.08 
 Lee et al., South Korea (15) 2007 All  16 (196) 8.16 
Incidence 50–99/100,000     
 Levy et al., Brazil (16) 1997–2000 All  1 (46) 2.17 
 Silva et al., Brazil (17) 1998–1999 All  16 (414) 3.86 
 Roth et al., Brazil (18) 1998–1999 All  105 (1209) 8.68 
 Maciel et al., Brazil (19) 1997–1999 All  8 (76) 10.53 
 Lopes et al., Brazil (20) 2001–2004 All  7 (61) 11.48 
Incidence >100/100,000     
 Hohmuth et al., Peru (21) 2002–03 Health care students 1 (93) 1.08 
 Pai et al., India (22) 2004 All  6 (147) 4.08 
 Corbett et al., Zimbabwe (23) 2004–2005 Student nurses 41 (213) 19.25 
 Bonifacio et al., Peru (24) 2001 All  5 (35) 14.29 
 Yanai et al., Thailand (25) 1995–1996 All  24 (332) 7.24 
*Incidence levels from World Health Organization statistics, 2009 (8).TB, tuberculosis; HCW, health care worker; ARTI, annual risk for Mycobacterium 
tuberculosis infection. 
†Estimates of ARTI ratio between HCWs and general population, pooled estimates of ARTI ratio (by estimated TB incidence), fraction of the population 
working as HCW. 
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Technical Appendix 1 Table 2. Studies reporting TB incidence among HCWs, January 2005–July 2010* 
Author, country, and reference Period Hospital 

workers/comparison 
group 

No. cases (no. 
persons at risk) 

TB incidence 
in HCWs, 
×100,000 

TB incidence in 
the comparison, 

×100,000 

TB IRR† (95% CI) Incidence 
difference 

HCW 
population, 

×1,000 

PAF% 

Incidence <50/100,000‡          
 Cuhadaroglu C et al., Turkey (27) 1991–2000 All/national estimates 

for Turkey 
31 (33,590) 92.29 29 3.18 (2.24–4.53) 63.29 4.47 0.97 

 Skodric-Trifunovic V et al., Serbia (28) 1992–2004 All/national estimates 
for Serbia§ 

24 (57,279) 41.9 34 1.23 (0.83–1.84) 8 6.34 0.15 

 Fica AC et al.,Chile (30) 2003–2006 All/national estimates 
for Chile 

12 (30,680) 39.1 23 1.71 (0.97–3.01) 16.26 1.69 0.12 

 Torres Costa J et al., Portugal (43) 2005–2008 All/national estimates 
for Portugal 

31 (16,178) 191.62 32 5.99 (4.21–8.51) 159.62 8.17 3.91 

Incidence 50–99/100,000‡          
 Dimitrova B et al. (2005), Russia (31) 1994–2002 All/national estimates 

for Russia§ 
474 (583,695) 81.21 95 0.86 (0.78–0.94) 6.21 12.78 −0.19 

 Kruuner A et al., Estonia (26) 1994–1998 All/national estimates 
for Estonia§ 

67 (73,650) 90.97 58 1.38 (1.08–1.75) 32.97 1142 0.43 

 Jo KW et al., South Korea (29) 2001–2006 All/national estimates 
for South Korea 

61 (8,433) 723.35 92 7.86 (6.12–10.11) 631.35 3.50 2.35 

Incidence ≥100/100000‡          
 Gopinath KG et al., India (32) 1992–2001 All/national estimates 

for India§ 
125 (60,163) 207.77 168 1.24 (1.04–1.47) 39.77 1.89 0.04 

 Naidoo S and Jinabhai CC, South Africa (33) 2004–2005 All/national estimates 
for South Africa§ 

583 (49,392) 1180.35 911 1.30 (1.19–1.41) 462.35 4.85 0.14 

 Alonso-Echanove J et al., Peru (34) 1994–1998 All/national estimates 
for Peru§ 

36 (9,200) 391.30 230 1.70 (1.23–2.36) 161.30 1.84 013 

 Jelip J et al., Malaysia (35) 1990–2000 All/national estimates 
for Malaysia§ 

205 (73,120) 280.36 114 2.46 (2.14–2.82) 126.36 2.51 0.37 

 Harries AD et al., Malawi (36) 1993–1994 All/ national estimates 
for Malawi§ 

12 (620) 1935.48 358 5.41 (3.07–9.52) 1,577.48 0.61 0.27 

 Rao KG et al., India (37) 2001 All/national estimates 
for India§ 

13 (1,032) 1259.69 168 7.50 (4.35–12.91) 1,091.69 1.89 1.21 

 Harries AD et al., Malawi (38) 1996–1999 All/national estimates 
for Malawi§ 

96 (2,979) 3222.56 405 7.96 (6.51–9.72) 2,817.56 0.61 0.42 

 Harries AD et al. (1999), Malawi (39) 1996 All/national estimates 
for Malawi§ 

108 (3,042) 3550.30 389 9.13 (7.56–11.02) 3,161.30 0.61 0.49 

 Laniado-Laborìn R et al., Mexico (40) 1999–2003 All/Tijuana, general 
population 

18 (4,095) 439.56 40 10.99 (6.92–17.44) 399.56 3.34 3.23 

 Wilkinson D and Gilks CF, South Africa (42) 1991–1996 All/national estimates 
for South Africa§ 

13 (2,328) 558.42 311 1.80 (1.04–3.09) 247.42 4.85 0.38 

 Kanyerere HS et al., Malawi (41) 2001 All/national estimates 
for Malawi§ 

33 (571) 5779.33 414 13.96 (9.92–19.64) 5,360.33 0.61 0.78 

*TB, tuberculosis; HCW, health care worker; IRR, incidence rate ratio; CI, confidence interval; PAFP%, fraction of TB in the population attributable to TB exposure in health care settings. WHO, World Health Organization. 
†Pooled estimates of annual incidence rate ratio (by estimated TB incidence).  
‡World Health Organization statistics, 2009 (8). 
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Technical Appendix 1 Figure 1. Funnel Plot for the 

studies reporting tuberculosis incidence among 

health care workers. Studies are labeled using the 

country and year of the study and the reference in 

parentheses. *<50 cases/100,000 population; 
**50–99 cases/100,000 population; *** >100 

cases/100,000 population. TB, tuberculosis; HCW, 

health care worker; IRR, incidence rate ratio. 
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parentheses. 

Technical Appendix 1 Figure 2. 

Contour plot of relationship between 

the proportion of exposed population, 

incidence rate ratio (IRR), and 

population-attributable fraction (PAF) 

in review of studies about tuberculosis 

among health care workers. The 

proportion of the population working in 

health care settings is reported on the 

x-azis, y-axis reports the PAF on a log 

scale calculated by using the Levin 

formula. The isoclines represent 

different levels of IRR. The asterisk (*) 

indicates the fraction (%) of 

tuberculosis (log scale) in the 

population attributable to exposure in 

health care settings. Points are 

labeled by the country and year of the

study, with the reference in 

 


