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ABSTRACT

Tuberculosis is one of the most significant causes of infectious morbidity and mortality worldwide
and has been an important threat for healthcare workers (HCW) for decades. Although the tuberculin skin
test (TST) is less expensive, available and a preferred diagnostic tool for latent tuberculosis infection in most
TB-prevalent settings, limitations inclusive of false positivity, cross reactivity with non-tuberculous
mycobacteria, interpretative and administrative errors have been described. The acceptance rate of TST-
guided chemoprophylaxis among HCW in resource-limited settings has remained low given these recognizable
limitations. Isoniazid (INH) has generally been recommended as chemoprophylaxis after a reactive TST.
However, the INH treatment in these settings may be complicated by local drug-resistant TB and unavailable
infection-control resources and TB control program. Herein we discuss the advantages and disadvantages
of utilizing TST and chemoprophylaxis among HCW and unresolved issues that require future research in
TB-prevalent settings. (J Infect Dis Antimicrob Agents 2010;27:1-9.)

INTRODUCTION
Tuberculosis (TB) is one of the most common
infectious diseases to cause significant morbidity and
mortality worldwide. Given an airborne route of
transmission, TB becomes an occupational threat to
healthcare workers (HCW) who inevitably work in
settings with congregated TB patients. The annual rates

of TB reactivation is about 3 percent and 0.1 percent
in the first year and after 10 years of acquiring TB
infection.** Thus, most of HCW in TB-prevalent
countries, such as Thailand develop TB diseases with
the annual rate of 0.1 percent given that they have
acquired primary TB early in their lives. To mitigate
the adverse effects of TB among HCW, the World
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Health Organization (WHO) has recommended a TB
control program be established in all healthcare settings.®
A 2-step tuberculin skin test (TST) is a part of
administrative TB controls and is recommended for use
as a TB screening tool by the Centers for Disease
Control and Prevention.® Although TST has been used
in HCW for several decades, evidence of limitations
exist for controversy over whether it is still an
appropriate screening test. Chemoprophylaxis with
isoniazid (INH) is generally recommended after a
reactive TST. However, the treatment may be
complicated by local TB drug resistance and
inappropriate in some settings. In addition, infection-
control resources may be limited or not exist to facilitate
a TB control program. We will here discuss
controversial issues and the need for future research
on TST and INH chemoprophylaxis among HCW in
middle-income and developing countries.

ADVANTAGES OF TST AND INH
PROPHYLAXIS ADMINISTRATION
AMONG HEALTHCARE WORKERS

The TST has been generally used to identify
HCW at risk for active TB, especially those with
exposure to active TB patients. The TST is inexpensive,
readily available, and can be performed by trained
personnel. The tuberculins, which are antigenic culture
extracts of Mycobacterium tuberculosis used, for
delayed hypersensitivity reaction induction, are generally
safe. The common reactions are injection site related
such as bleeding, bruising, discomfort, erythematous
reaction, pain, and pruritus. Severe skin reactions,
including rashes, blisters, hematoma, necrosis, and
regional lymphadenitis are not common and generally
self-limited. Anaphylaxis to the tuberculins is extremely
rare.”®

Studies from developed countries have shown the
benefit of TST-incorporated TB control programs in
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the reduction of the annual rate of TST conversion in
HCW (Table).>'® In addition, TB control measures
have been associated with decreased TB nosocomial
patient-to-patient and HCW-to-patient transmission in
healthcare settings.'*2 Although limited data exists
in developing countries, a study from Thailand
revealed similar reduction in the annual HCW TST
conversion rate (Table).** Although the impact of TST
implementation may not be substantial compared to
other recommended control measures, HCW remain
important sources of TB transmission and require
appropriate screening, early diagnostic evaluation, and
treatment for TB.14*°

Evidence from developed countries exists to
suggest that INH prophylaxis reduces the incidence of
active TB by 60-93 percent and by 85-93 percent in
persons who complete a full 6-month course.'¢®
Among HCW, the prophylaxis was shown to be cost-
effective in a decision-analytic model study (Table).*
There is no data from clinical trials regarding INH
prophylaxis for HCW in developing countries.
However, the findings from a study of immigrants in
the United States (US) may be extrapolated for use in
developing countries.?® In said study, combined TST
and INH prophylaxis were shown to be effective and
reduced costs.

DISADVANTAGES OF TST AND INH
PROPHYLAXIS ADMINISTRATION
AMONG HEALTHCARE WORKERS

TST is not a useful test for differentiation between
past TB, acute TB or re-infection. The positive TST
results in persons living in TB-prevalent countries usually
indicate past TB infection or post Bacillus Calmette-
Guérin (BCG) vaccination (V) while the positive tests
in those living in low TB prevalence countries mostly
indicates acute or recent TB infection.? Interpretation
of reactive TST has been the major concern in persons
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from middle-income and developing countries where
BCGV has been standard of care.
received BCGV in the neonatal period are less

Persons who

influenced by BCGV than those who received the
vaccine later in life, given that the BCGV effect wanes
over time.??* However, there is no consensus or data
from clinical trials for the appropriate cut-offs for TST
reactivity stratified by age or at-risk populations in these
countries, as there is no gold standard for the diagnosis
of latent tuberculosis infection (LTBI). This variation
of BCGV influence was also evidentamong HCW from
developing countries with high rates of TB and
BCGV.#% Additionally, TST can result in ‘false-
positive’ interpretations among persons with non-
tuberculous mycobacteria, especially M. avium complex
infection.?® In contrast, false-negative TST is not
uncommon in immunosuppressed persons and persons
with severe TB. Furthermore, the 2-visit requirement
for TST may affect compliance of returning for result
reading. Errors in methods of administration, amount
of tuberculins used, and measurement bias can also be
potential disadvantages of TST.

In a meta-analysis using self-report of history of
active TB contact as a reference for LTBI diagnosis,
TST was less sensitive and specific than interferon-
gamma release assays (IGRA) in the general
population.?” Studies from developed countries
demonstrated that TST was less effective in diagnosis
of LTBI in persons post BCGV and less cost-effective
among BCGV close TB contact population and foreign-
born immigrants compared with QuantiFERON®-TB
Gold.?®3 Among HCW, IGRA and TST results were
significantly discordant, especially among HCW in
developed countries, largely due to BCGV, prior TST,
and being foreign born (Table).®>* Data from
developing countries is limited. However, a study from
India demonstrated that the two tests had a high (81%)
concordance rate.* In a decision-analytic model study
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from the US, TST was less cost-effective than IGRA
for LTBI screening in both non-BCGV and BCGV
HCW (Table).*

The acceptance and completion rates of INH
prophylaxis among TST-reactive HCW are usually
low in developing countries and is attributed to HCW
knowledge of TST insensitivity and BCGV influence
(Table).?® A study from a developed country
suggested that use of QuantiFERON®-TB Gold
instead of TST can improve the acceptance and
adherence to the prophylactic regimen.*® Other
important factors that affect INH adherence include
duration of therapy and potential adverse drug
reactions. Although asymptomatic transaminitis is
more common, significant hepatotoxicity from INH
has occurred in 1 per 1,000 persons on INH.*” In
addition, previous studies suggested that INH
monotherapy resulted in more frequent hepatotoxicity
and treatment discontinuation than rifampicin
monotherapy.*®5! INH-induced fatal hepatotoxicity
rate was reported to be 0.001 percent in persons
aged < 35 years old while the rate was 0.002 percent
in persons aged >35 years old.*®

Chemoprophylaxis for TB has become
challenging given the increase in INH resistance
in many countries. Further investigation to rule
out active TB, such as chest radiograph or sputum
examination, is not always performed adequately
or carefully evaluated, especially in resource-
limited settings. Presumptive treatment can
inevitably result in prescribing INH monotherapy
to asymptomatic persons with active TB and
promote INH resistance and subsequent
In addition, LTBI therapy is
not as highly prioritized as the management of
higher-burden active TB.*> Definitive TB
prophylaxis guidelines have not been established

treatment failure.

due to the concern of the inappropriate use of
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INH prophylaxis that may promote more INH
resistance in these countries.®> Given the low
rate of INH prophylaxis prescription in middle-
income and developing countries, all reports of
INH resistance with subsequent therapeutic
failure associated with INH prophylaxis have
exclusively been from developed countries.>®>
The causes associated with failure were unclear,
however, were possibly due to unrecognized INH-
resistant LTBI, development of INH resistance
after the prophylaxis, or undiagnosed active TB
at initiation of prophylaxis.

OCCUPATIONAL HEALTH AND TB
PREVENTIVE THERAPY

Occupational health programs are essential
and have been associated with improved TB
chemoprophylaxis acceptance and completion
rates.> However, limited budgets and personnel
remain obstacles to such program implementation
in middle-income and developing countries.>? The
important components that are usually included in
these programs are evidence-based counseling
regarding risks and benefits of TB prophylaxis,
monitoring compliance and side effects of the
prophylactic regimen, and follow-up and serial
testing plans for HCW who are and are not on LTBI
therapy. Adoption and modification of these
components per available resources should be
considered in countries without occupational health
and safety programs. Simplified measures that are
feasible in resource-limited settings include pre- and
post- test counseling by designated healthcare
personnel, self-evaluation procedures and peer-
support groups to promote chemoprophylaxis,
available on-call physicians or assigned personnel
for questions and concerns, and self-observation or
spontaneous reporting of symptoms of active TB
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in HCW who are not on or are declining TB
chemoprophylaxis.

Unresolved Issues for Future Research

Although occupational risks of TB acquisition
have been recognized for several decades, research
revolving around TB screening and preventive therapy
has primarily occurred in developed countries.
Questions of relevance for improved HCW health and
safety in middle-income and developing countries
include:

TST-related questions

1. What should be the appropriate cut-offs for TST
reactivity in regards to age, TB risk factors,
history of BCGV, prior TST and prevalence of
TB inthe settings where TST is the only available
screening test?

2. What should be the optimal interval of TB
screening tests?

3. Could yearly TB surveillance by TST detect
more recent TB infection among HCW in
developing countries and be cost-effective?

INH prophylaxis-related questions

1. What are the efficacy, adverse reactions, and
cost-effectiveness of INH prophylaxis in
comparison to other prophylactic regimens?

2. What should be the optimal duration of INH
prophylaxis in a TB-prevalent setting like
Thailand given that it is mostly implemented in
the stage of past TB infection rather than recent
TB infection?

3. Is INH prophylaxis still effective in the settings
where INH resistance rates are high and what
should be the best alternative regimens?

4. What is the risk of nosocomial transmission
among HCW with LTBI who decline TB
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chemoprophylaxis?

CONCLUSION

TST remains the first-line LTBI screening tool in
most TB-prevalent settings and could potentially be
implemented for HCW in Thailand. Nonetheless,
research is needed to resolve unanswered questions.
TB prevention among HCW in middle-income and
developing countries is largely neglected in national
healthcare preparedness priorities and by the
international organizations that fund healthcare
initiatives. However, these countries should not delay
the implementation of effective preventive strategies
while awaiting additional data. These strategies should
be practical, less costly, simple and based on the three-
level hierarchy recommended by WHO, including
administrative controls, environmental controls, and
personal respiratory protection.®

ACKNOWLEDGEMENT
We thank Linda M. Mundy, M.D., Ph.D. for her
critical read of this perspective.

References

1. Comstock GW, Ferebee SH, Hammes LM. A controlled
trial of community-wide isoniazid prophylaxis in
Alaska. Am Rev Respir Dis 1967;95:935-43.

2. Comstock GW, Woolpert SF, Livesay VT. Tuberculosis
studies in Muscogee County, Georgia. Twenty-year
evaluation of a community trial of BCG vaccination.
Public Health Rep 1976;91:276-80.

3. Grzybowski S, Ashley MJ, McKinnon NE, Pinkus
G, Philipps R, Brown A. In Canada: a trial of
chemoprophylaxis in inactive tuberculosis. Can
Med Assoc J 1969;101:81-6.

4. Grzybowski S, Ashley MJ, Pinkus G. Chemo-
prophylaxis in inactive tuberculosis: long-term

evaluation of a Canadian trial. Can Med Assoc J

10.

11.

12.

13.

14.

Jan.-April 2010

1976;114:607-11.

World Health Organization. WHO policy on TB
infection control in health-care facilities, congregate
settings and households [Internet]. 2009 [cited 2009
Oct 1]. Awvailable from: http://whglibdoc.who.int/
publications/2009/9789241598323_eng.pdf.

Jensen PA, Lambert LA, lademarco MF, Ridzon R.
Guidelines for preventing the transmission of
Mycobacterium tuberculosis in health-care settings,
2005. MMWR Recomm Rep 2005;54:1-141.

Youssef E, Wooltorton E. Serious allergic reactions
following tuberculin skin tests. CMAJ 2005;173:34.
Froeschle JE, Ruben FL, Bloh AM. Immediate
hypersensitivity reactions after use of tuberculin skin
testing. Clin Infect Dis 2002;34:E12-E13.

LoBue PA, Catanzaro A. Effectiveness of a nosocomial
tuberculosis control program at an urban teaching
hospital. Chest 1998;113:1184-9.

Wenger PN, Otten J, Breeden A, Orfas D, Beck-Sague
CM, Jarvis WR. Control of nosocomial transmission
of multidrug-resistant Mycobacterium tuberculosis
among healthcare workers and HIV-infected patients.
Lancet 1995;345:235-40.

Fridkin SK, Manangan L, Bolyard E, Jarvis WR. SHEA-
CDC TB survey, Part I1: Efficacy of TB infection control
programs at member hospitals, 1992. Society for
Healthcare Epidemiology of America. Infect Control
Hosp Epidemiol 1995;16:135-40.

Roy MC, Fredrickson M, Good NL, Hunter SA,
Nettleman MD. Correlation between frequency of
tuberculosis and compliance with control strategies.
Infect Control Hosp Epidemiol 1997;18:28-31.

Yanai H, Limpakarnjanarat K, Uthaivoravit W, Mastro
TD, Mori T, Tappero JW. Risk of Mycobacterium
tuberculosis infection and disease among health care
workers, Chiang Rai, Thailand. IntJ Tuberc Lung Dis
2003;7:36-45.

Centers for Disease Control and Prevention.



Vol. 27 No. 1

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Mycobacterium tuberculosis transmission in a
newborn nursery and maternity ward--New York
City, 2003. MMWR Morb Mortal Wkly Rep
2005;54:1280-3.

Fraser TG, Kowalczyk J, Schmitt S, et al. Active
tuberculosis in a healthcare worker: are you ready?
Infect Control Hosp Epidemiol 2009;30:80-2.

Smieja MJ, Marchetti CA, Cook DJ, Smaill FM.
Isoniazid for preventing tuberculosis in non-HIV
infected persons.
2000;(2):CD001363.
Jasmer RM, Nahid P, Hopewell PC. Clinical practice.

Cochrane Database Syst Rev

Latent tuberculosis infection. N Engl J Med 2002;
347:1860-6.

Salpeter SR, Sanders GD, Salpeter EE, Owens DK.
Monitored isoniazid prophylaxis for low-risk
tuberculin reactors older than 35 years of age: a risk-
benefit and cost-effectiveness analysis. Ann Intern
Med 1997;127:1051-61.

Salpeter SR, Salpeter EE. Screening and treatment of
latent tuberculosis among healthcare workers at low,
moderate, and high risk for tuberculosis exposure: a
cost-effectiveness analysis.
Epidemiol 2004;25:1056-61.
Khan K, Muennig P, Behta M, Zivin JG. Global drug-

Infect Control Hosp

resistance patterns and the management of latent
tuberculosis infection in immigrants to the United
States. N EnglJ Med 2002;347:1850-9.

Ferebee SH. Controlled chemoprophylaxis trials in
tuberculosis. Ageneral review. Bibl Tuberc 1970;26:28-
106.

Menzies D. What does tuberculin reactivity after
bacille Calmette-Guérin vaccination tell us? Clin Infect
Dis 2000;31 Suppl 3:S71-4.

Menzies R, Vissandjee B. Effect of bacille Calmette-
Guérin vaccination on tuberculin reactivity. Am Rev
Respir Dis 1992;145:621-5.

Khawcharoenporn T, Apisarnthanarak A, Thong-

25.

26.

27.

28.

29.

3L

32

Tuberculin skin test in healthcare workers:- Khawcharoenporn T, et al. 7

phubeth K, Yuekyen C, Mundy LM. Tuberculin skin
tests among medical students with prior bacille-
Calmette Guérin vaccination in a setting with a high
prevalence of tuberculosis.
Epidemiol 2009;30:705-9.

Apisarnthanarak A, Thongphubeth K, Yuekyen C,

Infect Control Hosp

Mundy LM. Postexposure detection of Myco-
bacterium tuberculosis infection in health care
workers in resource-limited settings. Clin Infect Dis
2008;47:982-4.

von Reyn CF, Horsburgh CR, Olivier KN, et al. Skin
test reactions to Mycobacterium tuberculosis
purified protein derivative and Mycobacterium
avium sensitin among health care workers and
medical students in the United States. IntJ Tuberc
Lung Dis 2001;5:1122-8.

Menzies D, Pai M, Comstock G. Meta-analysis: new
tests for the diagnosis of latent tuberculosis
infection: areas of uncertainty and recommendations
for research. Ann Intern Med 2007;146:340-54.
Mazurek GH, LoBue PA, Daley CL, etal. Comparison
of a whole-blood interferon gamma assay with
tuberculin skin testing for detecting latent
Mycobacterium tuberculosis infection. JAMA
2001,286:1740-7.

Nienhaus A, Schablon A, Diel R. Interferon-gamma
release assay for the diagnosis of latent TB infection--
analysis of discordant results, when compared to the
tuberculin skin test. PL0oS One 2008;3:e2665.
Marra F, Marra CA, Sadatsafavi M, et al. Cost-
effectiveness of a new interferon-based blood assay,
QuantiFERON-TB Gold, in screening tuberculosis
contacts. IntJ Tuberc Lung Dis 2008;12:1414-24.
Oxlade O, Schwartzman K, Menzies D. Interferon-
gamma release assays and TB screening in high-income
countries: a cost-effectiveness analysis. Int J Tuberc
Lung Dis 2007;11:16-26.

Alvarez-Le6n EE, Espinosa-Vega E, Santana-



35.

36.

37.

39.

JINFECT DISANTIMICROB AGENTS

Rodriguez E, et al. Screening for tuberculosis infection
in spanish healthcare workers: Comparison of the
QuantiFERON-TB gold in-tube test with the tuberculin
skintest. Infect Control Hosp Epidemiol 2009;30:876-
83.

Carvalho AC, Crotti N, Crippa M, et al. QuantiFERON-
TB Gold test for healthcare workers. J Hosp Infect
2008;69:91-2.

Fox BD, Kramer MR, Mor Z, etal. The QuantiFERON-
TB-GOLD assay for tuberculosis screening in
healthcare workers: a cost-comparison analysis. Lung
2009;187:413-9.

Harada N, Nakajima Y, Higuchi K, Sekiya Y, Rothel J,
Mori T. Screening for tuberculosis infection using
whole-blood interferon-gamma and Mantoux testing
among Japanese healthcare workers. Infect Control
Hosp Epidemiol 2006;27:442-8.

Hotta K, Ogura T, Nishii K, et al. Whole blood
interferon-gamma assay for baseline tuberculosis
screening among Japanese healthcare students. PLoS
One 2007;2:e803.

Kobashi Y, Mouri K, Yagi S, et al. Usefulness of the
QuantiFERON TB-2G test for the differential diagnosis
of pulmonary tuberculosis. Intern Med 2008;47:237-
43,

Lee SS, Liu YC, Huang TS, et al. Comparison of the
interferon- gamma release assay and the tuberculin skin
test for contact investigation of tuberculosis in BCG-
vaccinated health care workers. Scand J Infect Dis
2008;40:373-80.

Nienhaus A, Schablon A, Bacle CL, Siano B, Diel R.
Evaluation of the interferon-gamma release assay in
healthcare workers. Int Arch Occup Environ Health
2008;81:295-300.

Soborg B, Andersen AB, Larsen HK, et al. Detecting
a low prevalence of latent tuberculosis among health
care workers in Denmark detected by M. tuberculosis

specific IFN-gamma whole-blood test. Scand J Infect

41.

42.

46.

47.

49.

Jan.-April 2010

Dis 2007;39:554-9.

Barsegian V, Mathias KD, Wrighton-Smith P, Grosse-
Wilde H, Lindemann M. Prevalence of latent
tuberculosis infection in German radiologists. J Hosp
Infect 2008;69:69-76.

Chee CB, Lim LK, Barkham TM, etal. Useofa T
cell interferon-gamma release assay to evaluate
tuberculosis risk in newly qualified physicians in
Singapore healthcare institutions. Infect Control
Hosp Epidemiol 2009;30:870-5.
Girardi E, Angeletti C, Puro V, et al. Estimating
diagnostic accuracy of tests for latent tuberculosis
infection without a gold standard among healthcare
workers. Euro Surveill 2009;14:pii:19373.

Pai M, Gokhale K, Joshi R, et al. Mycobacterium
tuberculosis infection in health care workers in rural
India: comparison of a whole-blood interferon gamma
assay with tuberculin skin testing. JAMA 2005;
293:2746-55.

de Perio MA, Tsevat J, Roselle GA, Kralovic SM,
Eckman MH. Cost-effectiveness of interferon gamma
release assays vs tuberculin skin tests in health care
workers. Arch Intern Med 2009;169:179-87.

Sahni R, Miranda C, Yen-Lieberman B, etal. Does the
implementation of an interferon-gamma release assay
in lieu of a tuberculin skin test increase acceptance of
preventive therapy for latent tuberculosis among
healthcare workers? Infect Control Hosp Epidemiol
2009;30:197-9.

Nolan CM, Goldberg SV, Buskin SE. Hepatotoxicity
associated with isoniazid preventive therapy: a 7-year
survey from a public health tuberculosis clinic. JAMA
1999;281:1014-8.

Page KR, Sifakis F, Montes de Oca R, etal. Improved
adherence and less toxicity with rifampin vs isoniazid
for treatment of latent tuberculosis: a retrospective
study. Arch Intern Med 2006;166:1863-70.

Cook PP, Maldonado RA, Yarnell CT, Holbert D. Safety



Vol. 27 No. 1

5L

52.

and completion rate of short-course therapy for
treatment of latent tuberculosis infection. Clin Infect
Dis2006;43:271-5.

Menzies D, Long R, Trajman A, etal. Adverse events
with 4 months of rifampin therapy or 9 months of
isoniazid therapy for latent tuberculosis infection: a
randomized trial. Ann Intern Med 2008;149:689-97.
Ziakas PD, Mylonakis E. 4 months of rifampin
compared with 9 months of isoniazid for the
management of latent tuberculosis infection: a meta-
analysis and cost-effectiveness study that focuses on
compliance and liver toxicity. Clin Infect Dis
2009;49:1883-9.

Padmapriyadarsini C, Swaminathan S. Preventive

Tuberculin skin test in healthcare workers:- Khawcharoenporn T, et al. 9

therapy for tuberculosis in HIV infected individuals.
Indian J Med Res 2005;121:415-23.

Fairshter RD, Randazzo GP, Garlin J, Wilson AF. Failure
of isoniazid prophylaxis after exposure to isoniazid-
resistant tuberculosis. Am Rev Respir Dis 1975;112:37-
42.

Karchmer TB, Phipps JD, Giannetta ET, Farr BM.
Isoniazid-resistant cavitary tuberculosis in a physician
following isoniazid prophylaxis. Infect Control Hosp
Epidemiol 2002;23:622-5.

Munseri PJ, Talbot EA, Mtei L, Fordham von Reyn C.
Completion of isoniazid preventive therapy among HIV-
infected patients in Tanzania. IntJ Tuberc Lung Dis
2008;12:1037-41.





