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If a potential or known exposure to M. tuberculosis occurs in
the setting, prevention and control measures should include
retraining HCWs in the infection-control procedures established
to prevent the recurrence of exposure. If a potential or known
exposure results in a newly recognized positive TST or BAMT
result, test conversion, or diagnosis of TB disease, education
should include information on 1) transmission of M. tubercu-
losis, 2) noninfectiousness of HCWs with LTBI, and 3) poten-
tial infectiousness of HCWs with TB disease.

OSHA requires annual respiratory-protection training for
HCWs who use respiratory devices (see Respiratory Protec-
tion). HCW's in settings with a classification of potential
ongoing transmission should receive additional training and
education on 1) symptoms and signs of TB disease, 2)
M. tuberculosis transmission, 3) infection-control policies, 4)
importance of TB screening for HCWs, and 5) responsibili-
ties of employers and employees regarding M. tuberculosis
infection test conversion and diagnosis of TB disease.

TB Infection-Control Surveillance

HCW Screening Programs for TB Support
Surveillance and Clinical Care

TB screening programs provide critical information for car-
ing for individual HCWs and information that facilitates
detection of M. ruberculosis transmission. The screening pro-
gram consists of four major components: 1) baseline testing
for M. tuberculosis infection, 2) serial testing for M. tuberculo-
sis infection, 3) serial screening for symptoms or signs of TB
disease, and 4) TB training and education.

Surveillance data from HCWs can protect both HCWs and
patients. Screening can prevent future transmission by identi-
fying lapses in infection control and expediting treatment for
persons with LTBI or TB disease. Tests to screen for M. ruber-
culosis infection should be administered, interpreted, and
recorded according to procedures in this report (see Supple-
ment, Diagnostic Procedures for LTBI and TB Disease).
Protection of privacy and maintenance of confidentiality of
HCW test results should be ensured. Methods to screen for
infection with M. tuberculosis are available (30,31,39).

Baseline Testing for M. tuberculosis Infection

Baseline testing for M. ruberculosis infection is recommended
for all newly hired HCWs, regardless of the risk classification
of the setting and can be conducted with the TST or BAMT.
Baseline testing is also recommended for persons who will
receive serial TB screening (e.g., residents or staff of correc-
tional facilities or LTCFs) (39,224). Certain settings, with the
support of the infection-control committee, might choose not
to perform baseline or serial TB screening for HCWs who

will never be in contact with or have shared air space with
patients who have TB disease (e.g., telephone operators who
work in a separate building from patients) or who will never
be in contact with clinical specimens that might contain
M. tuberculosis.

Baseline test results 1) provide a basis for comparison in the
event of a potential or known exposure to M. ruberculosis and
2) facilitate the detection and treatment of ITBI or TB dis-
ease in an HCW before employment begins and reduces the
risk to patients and other HCWs. If TST is used for baseline
testing, two-step testing is recommended for HCWs whose
initial TST results are negative (39,224). If the first-step TST
result is negative, the second-step TST should be adminis-
tered 1-3 weeks after the first TST result was read. If either 1)
the baseline first-step TST result is positive or 2) the first-step
TST result is negative but the second-step TST result is posi-
tive, TB disease should be excluded, and if it is excluded, then
the HCW should be evaluated for treatment of LTBI. If the
first and second-step TST results are both negative, the per-
son is classified as not infected with M. mberculosis.

If the second test result of a two-step TST is not read within
48-72 hours, administer a TST as soon as possible (even if
several months have elapsed) and ensure that the result is read
within 48-72 hours (39). Certain studies indicate that posi-
tive TST reactions might still be measurable from 4-7 days
after testing (225,226). However, if a patient fails to
return within 72 hours and has a negative test result, the TST
should be repeated (42).

A positive result to the second step of a baseline two-step
TST is probably caused by boosting as opposed to recent
infection with M. tuberculosis. These responses might result
from remote infections with M. tuberculosis, infection with an
NTM (also known as MOTT), or previous BCG vaccina-
tion. Two-step testing will minimize the possibility that boost-
ing will lead to an unwarranted suspicion of transmission of
M. tuberculosis with subsequent testing. A second TST is not
needed if the HCW has a documented TST result from any
time during the previous 12 months (see Baseline Testing for
M. tuberculosis Infection After TST Within the Previous 12
Months).

A positive TST reaction as a result of BCG wanes after 5
years. Therefore, HCWs with previous BCG vaccination will
frequently have a negative TST result (74,227-232). Because
HCWs with a history of BCG are frequently from high
TB-prevalence countries, positive test results for M. tuberculosis
infection in HCWs with previous BCG vaccination should be
interpreted as representing infection with M. ruberculosis
(74,227-233). Although BCG reduces the occurrence of
severe forms of TB disease in children and overall might reduce
the risk for progression from LTBI to TB disease (234,235),
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BCG is not thought to prevent M. ruberculosis infection (236).
Test results for M. ruberculosis infection for HCWs with a his-
tory of BCG should be interpreted by using the same diagnos-
tic cut points used for HCWs without a history of BCG
vaccination.

BAMT does not require two-step testing and is more spe-
cific than skin testing. BAMT that uses M. ruberculosis-
specific antigens (e.g., QFT-G) are not expected to result in
false-positive results in persons vaccinated with BCG. Baseline
test results should be documented, preferably within 10 days
of HCWs starting employment.

Baseline Testing for M. tuberculosis Infection
After TST Within the Previous 12 Months

A second TST is not needed if the HCW has a documented
TST result from any time during the previous 12 months. Ifa
newly employed HCW has had a documented negative TST
result within the previous 12 months, a single TST can be
administered in the new setting (Box 1). This additional TST
represents the second stage of two-step testing. The second
test decreases the possibility that boosting on later testing will
lead to incorrect suspicion of transmission of M. tuberculosis
in the setting.

A recent TST (performed in <12 months) is not a contrain-
dication to a subsequent TST unless the test was associated

BOX 1. Indications for two-step tuberculin skin tests (TSTs)

with severe ulceration or anaphylactic shock, which are sub-
stantially rare adverse events (30,237-239). Multiple TSTs
are safe and do not increase the risk for a false-positive result
or a TST conversion in persons without infection with myco-

bacteria (39).

Baseline Documentation of a History

of TB Disease, a Previously Positive Test
Result for M. tuberculosis Infection,

or Completion of Treatment for LTBI

or TB Disease

Additional tests for M. ruberculosis infection do not need to
be performed for HCWs with a documented history of TB
disease, documented previously positive test result for
M. tuberculosis infection, or documented completion of treat-
ment for LTBI or TB disease. Documentation of a previously
positive test result for M. tuberculosis infection can be substi-
tuted for a baseline test result if the documentation includes a
recorded TST result in millimeters (or BAMT result), includ-
ing the concentration of cytokine measured (e.g., IFN-y). All
other HCWs should undergo baseline testing for M. tubercu-
losis infection to ensure that the test result on record in the
setting has been performed and measured using the recom-
mended diagnostic the recommended procedures (see Supple-
ment, Diagnostic Procedures for LTBI and TB Disease).

Situation

Recommended testing

No previous TST result

Previous negative TST result (documented or not)
>12 months before new employment

Previous documented negative TST result <12 months
before new employment

>2 previous documented negative TSTs but most recent
TST >12 months before new employment

Previous documented positive TST result

Previous undocumented positive TST result*

Previous BCGT vaccination

Programs that use serial BAMT, including QFT?
(or the previous version QFT)

Infect Dis 2002;34:E12-3.
T Bacille Calmette-Guérin.

Blood assay for Mycobacterium tuberculosis.
9 QuantFERON®-TB test.
** QuantiFERON®-TB Gold test.

* For newly hired health-c are workers and other persons who will be tested on a routine basis (e.g., residents or staff of correctional or long-term—care
facilities), a previous TST is not a contraindication to a subsequent TST; unless the test was associated with severe ulceration or anaphylactic shock, which are
substantially rare adverse events. If the previous positive TST result is not documented, administer two-step TSTs or offer BAMT. SOURCES: Aventis
Pasteur. Tuberculin purified protein derivative (Mantoux) Tubersol® diagnostic antigen. Toronto, Ontario, Canada: Aventis Pasteur; 2001. Parkdale
Pharmaceuticals. APLISOL (Tuberculin purified protein derivative, diluted [stabilized solution]). Diagnostic antigen for intradermal injection only. Rochester,
MI: Parkdale Pharmaceuticals; 2002. Froeschle JE, Ruben FL, Bloh AM. Immediate hypersensitivity reactions after use of tuberculin skin testing. Clin

Two-step baseline TSTs
Two-step baseline TSTs

Single TST needed for baseline testing; this test will be the
second-step
Single TST; two-step testing is not necessary

NoTST
Two-step baseline TST (s)
Two-step baseline TST (s)
See Supplement, Use of QFT-G** for Diagnosing
M. tuberculosis Infections in Health-Care Workers (HCWs)
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A recent TST (performed in <12 months) is not a contrain-
dication to the administration of an additional test unless the
TST was associated with severe ulceration or anaphylactic
shock, which are substantially rare adverse events (30,237,238).
However, the recent test might complicate interpretation of
subsequent test results because of the possibility of boosting.

Serial Follow-Up of TB Screening and Testing
for M. tuberculosis Infection

The need for serial follow-up screening for groups of HCWs
with negative test results for M. ruberculosis infection is an
institutional decision that is based on the settings risk classifi-
cation. This decision and changes over time based on updated
risk assessments should be official and documented. If a serial
follow-up screening program is required, the risk assessment
for the setting (see TB Risk Assessment Worksheet [Appendix
B]) will determine which HCWs should be included in the
program and the frequency of screening. Two-step TST test-
ing should not be performed for follow-up testing.

If possible, stagger follow-up screening (rather than testing
all HCWs at the same time each year) so that all HCWs who
work in the same area or profession are not tested in the same
month. Staggered screening of HCWs (e.g., on the anniversary
of their employment or on their birthdays) increases opportu-
nities for early recognition of infection-control problems that
can lead to conversions in test results for M. ruberculosis infec-
tion. Processing aggregate analysis of TB screening data on a
periodic regular basis is important for detecting problems.

HCWs with a Newly Recognized Positive
Test Result for M. tuberculosis Infection
or Symptoms or Signs of TB Disease

Clinical Evaluation

Any HCW with a newly recognized positive test result for
M. tuberculosis infection, test conversion, or symptoms or signs
of TB disease should be promptly evaluated. The evaluation
should be arranged with employee health, the local or state
health department, or a personal physician. Any physicians
who evaluate HCWs with suspected TB disease should be
familiar with current diagnostic and therapeutic guidelines
for LTBI and TB disease (31,39).

The definitions for positive test results for M. mberculosis
infection and test conversion in HCWs are included in this
report (see Supplement, Diagnostic Procedures for LTBI and
TB Disease). Symptoms of disease in the lung, pleura, or air-
ways, and the larynx include coughing for >3 weeks, loss of
appetite, unexplained weight loss, night sweats, bloody spu-
tum or hemoptysis, hoarseness, fever, fatigue, or chest pain.
The evaluation should include a clinical examination and

symptom screen (a procedure used during a clinical evalua-
tion in which patients are asked if they have experienced any
symptoms or signs of TB disease), chest radiograph, and col-
lection of sputum specimens.

If TB disease is diagnosed, begin antituberculosis treatment
immediately, according to published guidelines (37). The
diagnosing clinician (who might not be a physician with the
institution’s infection-control program) should notify the
local or state health department in accordance with disease
reporting laws, which generally specify a 24-hour time limit.

If TB disease is excluded, offer the HCW treatment for LTBI
in accordance with published guidelines (see Supplements,
Diagnostic Procedures for LTBI and TB Disease; and Treat-
ment Procedures for LTBI and TB Disease [39,240]). If the
HCW has already completed treatment for LTBI and is part of
a TB screening program, instead of participating in serial skin
testing, the HCW should be monitored for symptoms of TB
disease and should receive any available training, which should
include information on the symptoms of TB disease and
instructing the HCW to report any such symptoms immedi-
ately to occupational health. In addition, annual symptom
screens should be performed, which can be administered as part
of other HCW screening and education efforts. Treatment for
LTBI should be offered to HCWs who are eligible (39).

HCWs with a previously negative test result who have an
increase of >10 mm induration when examined on follow-up
testing probably have acquired M. tuberculosis infection and
should be evaluated for TB disease. When disease is excluded,
HCWs should be treated for LTBI unless medically contrain-
dicated (39,240).

Chest Radiography

HCWs with a baseline positive or newly positive TST or
BAMT result should receive one chest radiograph to exclude
a diagnosis of TB disease (or an interpretable copy within a
reasonable time frame, such as 6 months). After this baseline
chest radiograph is performed and the result is documented,
repeat radiographs are not needed unless symptoms or signs
of TB disease develop or a clinician recommends a repeat chest
radiograph (39,116). Instead of participating in serial testing
for M. tuberculosis infection, HCWs with a positive test result
for M. tuberculosis infection should receive a symptom screen.
The frequency of this symptom screen should be determined
by the risk classification for the setting.

Serial follow-up chest radiographs are not recommended
for HCWs with documentation of a previously positive test
result for M. tuberculosis infection, treatment for LT'BI or TB
disease, or for asymptomatic HCWs with negative test results
for M. tuberculosis infection. HCWs who have a previously
positive test result for M. tuberculosis infection and who change
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jobs should carry documentation of a baseline chest radio-
graph result (and the positive test result for M. tuberculosis
infection) to their new employers.

Workplace Restrictions

HCWs with a baseline positive or newly positive test result
for M. tuberculosis infection should receive one chest radio-
graph result to exclude TB disease (or an interpretable copy
within a reasonable time frame, such as 6 months).

HCWs with confirmed infectious pulmonary, laryngeal,
endobroncheal, or tracheal TB disease, or a draining TB skin
lesion pose a risk to patients, HCWs, and others. Such HCWs
should be excluded from the workplace and should be allowed
to return to work when the following criteria have been met:
1) three consecutive sputum samples (109-112) collected in
8—24-hour intervals that are negative, with at least one sample
from an early morning specimen (because respiratory secre-
tions pool overnight); 2) the person has responded to antitu-
berculosis treatment that will probably be effective (can be
based on susceptibility results); and 3) the person is deter-
mined to be noninfectious by a physician knowledgeable and
experienced in managing TB disease (see Supplements, Esti-
mating the Infectiousness of a TB Patient; Diagnostic Proce-
dures for LTBI and TB Disease; and Treatment Procedures
for LTBI and TB Disease).

HCWs with extrapulmonary TB disease usually do not need
to be excluded from the workplace as long as no involvement
of the respiratory track has occurred. They can be confirmed
as noninfectious and can continue to work if documented
evidence is available that indicates that concurrent pulmo-
nary TB disease has been excluded.

HCWs receiving treatment for LTBI can return to work
immediately. HCWs with LTBI who cannot take or do not
accept or complete a full course of treatment for LTBI should
not be excluded from the workplace. They should be coun-
seled regarding the risk for developing TB disease and
instructed to report any TB symptoms immediately to the
occupational health unit.

HCWs who have a documented positive TST or BAMT
result and who leave employment should be counseled again,
if possible, regarding the risk for developing TB disease and
instructed to seek prompt evaluation with the local health
department or their primary care physician if symptoms of
TB disease develop. Consider mailing letters to former HCWs
who have LTBI. This information should be recorded in the
HCWSs employee health record when they leave employment.

Asymptomatic HCWs with a baseline positive or newly
positive TST or BAMT result do not need to be excluded
from the workplace. Treatment for LTBI should be consid-
ered in accordance with CDC guidelines (39).

Identification of Source Cases and Recording of Drug-
Susceptibility Patterns

If an HCW experiences a conversion in a test result for
M. tuberculosis infection, evaluate the HCW for a history of
suspected or known exposure to M. tuberculosis to determine
the potential source. When the source case is identified, also
identify the drug susceptibility pattern of the M. tuberculosis
isolate from the source. The drug-susceptibility pattern should
be recorded in the HCW’s medical or employee health record
to guide the treatment of LTBI or TB disease, if indicated.

HCWs with Medical Conditions Associated with
Increased Risk for Progression to TB Disease

In settings in which HCWs are severely immuno-
compromised, additional precautions must be taken. HIV
infection is the highest risk factor for progression from LTBI
to TB disease (22,39,42,49). Other immunocompromising
conditions, including diabetes mellitus, certain cancers, and
certain drug treatments, also increase the risk for rapid pro-
gression from LTBI to TB disease. TB disease can also
adversely affect the clinical course of HIV infection and ac-
quired immunodeficiency syndrome (AIDS) and can compli-
cate HIV treatment (31,39,53).

Serial TB screening beyond that indicated by the risk classi-
fication for the setting is not indicated for persons with the
majority of medical conditions that suppress the immune sys-
tem or otherwise increase the risk for infection with M. tuber-
culosis progressing to TB disease (58). However, consideration
should be given to repeating the TST for HIV-infected per-
sons whose initial TST result was negative and whose immune
function has improved in response to highly active
antiretroviral therapy (HAART) (i.e., those whose CD4-T
lymphocyte count has increased to >200 cells/mL).

All HCWs should, however, be encouraged during their ini-
tial TB training to determine if they have such a medical condi-
tion and should be aware that receiving medical treatment can
improve cell-mediated immunity. HCWs should be informed
concerning the availability of counseling, testing, and referral
for HIV (50,51). In addition, HCWs should know whether
they are immunocompromised, and they should be aware of
the risks from exposure to M. tuberculosis (1). In certain cases,
reassignment to areas in which exposure is minimized or non-
existent might be medically advisable or desirable.

Immunocompromised HCWs should have the option of
an assignment in an area or activity where the risk for expo-
sure to M. tuberculosis is low. This choice is a personal deci-
sion for the immunocompromised HCW (241) (http://
www.eeoc.gov/laws/ada.html). Health-care settings should
provide education and follow infection-control recommen-

dations (70).
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Information provided by HCWs regarding their immune
status and request for voluntary work assignments should be
treated confidentially, according to written procedures on the
confidential handling of such information. All HCWs should
be made aware of these procedures at the time of employment
and during initial TB training and education.

Problem Evaluation

Contact investigations might be initiated in response to 1)
conversions in test results in HCWs for M. tuberculosis infec-
tion, 2) diagnosis of TB disease in an HCW;, 3) suspected
person-to-person transmission of M. tuberculosis, 4) lapses in
TB infection-control practices that expose HCWs and
patients to M. tuberculosis, or 5) possible TB outbreaks iden-
tified using automated laboratory systems (242). In these situ-
ations, the objectives of a contact investigation might be to 1)
determine the likelihood that transmission of M. ruberculosis
has occurred; 2) determine the extent of M. tuberculosis trans-
mission; 3) identify persons who were exposed, and, if pos-
sible, the sources of potential transmission; 4) identify factors
that could have contributed to transmission, including failure
of environmental infection-control measures, failure to fol-
low infection-control procedures, or inadequacy of current
measures or procedures; 5) implement recommended inter-
ventions; 6) evaluate the effectiveness of the interventions;
and 7) ensure that exposure to M. ruberculosis has been termi-
nated and that the conditions leading to exposure have been
eliminated.

Earlier recognition of a setting in which M. tuberculosis trans-
mission has occurred could be facilitated through innovative
approaches to TB contact investigations (e.g., network analy-
sis and genetic typing of isolates). Network analysis makes use
of information (e.g., shared locations within a setting that
might not be collected in traditional TB contact investiga-
tions) (45). This type of information might be useful during
contact investigations involving hospitals or correctional set-
tings to identify any shared wards, hospital rooms, or cells.
Genotyping of isolates is universally available in the United
States and is a useful adjunct in the investigation of M. tuber-
culosis transmission (44,89,243,244). Because the situations
prompting an investigation are likely to vary, investigations
should be tailored to the individual circumstances. Recom-
mendations provide general guidance for conducting contact
investigations (34,115).

General Recommendations for Investigating
Conversions in Test Results for M. tuberculosis
Infection in HCWs

A test conversion might need to be reported to the health
department, depending on state and local regulations. Prob-
lem evaluation during contact investigations should be ac-
complished through cooperation between infection-control
personnel, occupational health, and the local or state
TB-control program. If a test conversion in an HCW is de-
tected as a result of serial screening and the source is not ap-
parent, conduct a source case investigation to determine the
probable source and the likelihood that transmission occurred
in the health-care setting (115).

Lapses in TB infection control that might have contributed
to the transmission of M. tuberculosis should be corrected. Test
conversions and TB disease among HCWs should be recorded
and reported, according to OSHA requirements (http://
www.osha.gov/recordkeeping). Consult Recording and Report-
ing Occupational Injuries and Illness (OSHA standard 29 Code
of Federal Regulations [CFR], 1904) to determine recording
and reporting requirements (245).

Investigating Conversions in Test Results
for M. tuberculosis Infection in HCWs:
Probable Source Outside the Health-Care
Setting

If a test conversion in an HCW is detected and exposure
outside the health-care setting has been documented by the
corresponding local or state health department, terminate the
investigation within the health-care setting.

Investigating Conversions in Test Results
for M. tuberculosis Infection in HCWs:
Known Source in the Health-Care Setting

An investigation of a test conversion should be performed
in collaboration with the local or state health department. Ifa
conversion in an HCW is detected and the HCW’s history
does not document exposure outside the health-care setting
but does identify a probable source in the setting, the follow-
ing steps should be taken: 1) identify and evaluate close con-
tacts of the suspected source case, including other patients
and visitors; 2) determine possible reasons for the exposure;
3) implement interventions to correct the lapse(s) in infec-
tion control; and 4) immediately screen HCWSs and patients
if they were close contacts to the source case. For exposed
HCWs and patients in a setting that has chosen to screen for
infection with M. tuberculosis by using the TST, the following
steps should be taken:
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