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Patients who are at high risk for TB often receive care at public health and commu-
nity clinics prior to diagnosis and treatment. Clinic funding does not generally allow
for facility renovation or installation of special ventilation. Furthermore, clinic staffing
does not always include experienced infection control, occupational health, or me-
chanical engineering personnel, which often places clinic staff and other patients at
increased risk of exposure to TB.

To help reduce the risk of exposure to TB, clinics should have a TB infection control
plan (ICP) in place that is part of the overall infection control program. This section of
the manual describes the problems faced by clinics, how to develop and maintain an
effective TB ICP, and how to reduce the risk of TB exposure for clinic staff.

TB Infection Control Plans (ICP)

Employers who fall within the scope of federal or state OSHA TB compliance require-
ments must establish and comply with an effective written TB ICP. The TB ICP must
contain information about how that facility:

Defines employees who are at risk of occupational TB exposure

Identifies suspected or confirmed TB cases

Isolates or controls exposures when a suspected or confirmed infectious TB patient
is identified

Minimizes employee exposure to TB

Alerts employees to hazards

Screens employees for TB

Conducts follow-up of employees exposed to TB

Protects employees during high-risk procedures

Uses environmental controls to reduce the likelihood of TB exposure
Maintains environmental controls

Uses respirators (a written respiratory protection program is also required)

Provides employees with TB training

All of the above information must be specific to the facility and available to any employee
who requests it. The effectiveness of the ICP should be evaluated annually and following
any occupationally-acquired employee TB infection.
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Meeting Regulatory Requirements

Efforts have been made to ensure that this TB ICP section of the manual includes appli-
cable recommendations from the CDC and meets existing standards set by regulatory
agencies such as OSHA and Cal/OSHA. Although this manual addresses the most im-
portant issues in clinic TB control efforts, it may not address every issue of interest to all
regulatory agencies.

Because regulations vary from county to county and from state to state, each facility
should review its local and state regulations before finalizing its TB ICP. Each facility must
also ensure that the final ICP accurately reflects current practices and the environmental
controls of its clinic building.

Facility Risk Assessment

Assessing your facility’s risk for M. tuberculosis transmission is the first step in developing
an ICP. The CDC and OSHA recognize that this risk is not equal in all facilities. The risk
level will vary depending on the population served, the type of building, the procedures
performed, community/facility prevalence, and other factors. Clinics may be located in
buildings converted from business offices and grocery stores, or in new structures built
specifically for the delivery of healthcare services. The TB risk level of the population treated
and the community itself will vary. Some clinics perform high-risk procedures, such as
sputum induction and bronchoscopy, and some do not. All these factors affect the likeli-
hood of M. tuberculosis transmission in a facility, and therefore, the level of TB control in-
tervention required. The frequency of screening HCWs for TB, use of respirators, and fa-
cility use of environmental controls such as AllRs, will influence the risk level of the facility.

Determining the Facility’s Risk

Assessing the risk level of your facility will help determine the level of TB control needed in
the following areas:

e Employee TB screening
e Environmental controls

e Respiratory protection

Guidance on performing a complete risk assessment can be found on pages 9-10 and
the revised version of Appendix B: TB Risk Assessment Worksheet, of the CDC Guide-
lines. The CDC notes that a medium-risk category is warranted if drug-resistant TB has
occurred in the community or facility, or if there is a relatively high prevalence of HIV infec-
tion among patients or HCWs. The CDC Guidelines also recommend that facilities be
classified as medium-risk if cough-inducing procedures (e.g., sputum induction, bron-
choscopy, and administration of aerosolized medications) are performed on patients who
may have TB disease. Read the entire TB ICP and review the available options. If it is
determined that a facility is medium-risk, select options that provide the greatest protec-
tion to staff and patients. Low-risk facilities are free to select these more protective op-
tions, if desired.

Please consult Appendix B (revised version) of the CDC guidelines to determine the risk
level for your facility. Use the worksheet on page 53 of this manual to identify who is re-
sponsible for the various controls in the TB ICP.

CLINICS
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TABLE 3.

Excerpt from CDC guidelines Appendix C:

Risk classifications for health-care settings that serve communities with high incidence of
tuberculosis (TB) and recommended frequency of screening for Mycobacterium tuberculosis
infection among health-care workers (HCWs)*

Risk classificationt

Potential
Setting Low risk Medium risk ongoing transmission$
Inpatient <200 beds <3 TB patients/year >3 TB patients/year Evidence of ongoing

M. tuberculosis transmission,
regardless of setting

Inpatient >200 beds <6 TB patients/year >6 TB patients/year

Outpatient; and <3 TB patients/year >3 TB patients/year
nontraditional
facility-based

TB treatment Settings in which Settings in which
facilities « persons who will be treated have been demonstrated to + persons with TB disease
have latent TB infection (LTBI) and not TB disease are encountered
+ a systemis in place to promptly detect and triage persons « criteria for low risk is not
who have signs or symptoms of TB disease to a setting in otherwise met

which persons with TB disease are treated
+ no cough-inducing or aerosol-generating procedures are

performed
Laboratories Laboratories in which clinical specimens that might contain Laboratories in which clinical
M. tuberculosis are not manipulated specimens that might contain
M. tuberculosis are
manipulated
Recommendations for Screening Frequency
Baseline two-step Yes, for all HCWSs upon hire Yes, for all HCWs upon hire Yes, for all HCWs upon
TST or one BAMTT hire
Serial TST or BAMT No** Every 12 monthstt As needed in the
screening of HCWs investigation of potential
ongoing transmission8$
TST or BAMT Perform a contact investigation (i.e., administer one TST as soon as possible at the time of exposure, and, if the TST result is
for HCWs upon negative, place another TST 8-10 weeks after the end of exposure to M. tuberculosis) 1l

unprotected
exposure to
M. tuberculosis

* Health-care workers (HCWSs) refers to all paid and unpaid persons working in health-care settings who have the potential for exposure to
M. tuberculosis through air space shared with persons with TB disease.

T Settings that serve communities with a high incidence of TB disease or that treat populations at high risk (e.g., those with human immunodeficiency virus
infection or other immunocompromising conditions) or that treat patients with drug-resistant TB disease might need to be classified as medium risk, even if
they meet the low-risk criteria.

§ A classification of potential ongoing transmission should be applied to a specific group of HCWs or to a specific area of the health-care setting in which
evidence of ongoing transmission is apparent, if such a group or area can be identified. Otherwise, a classification of potential ongoing transmission should
be applied to the entire setting. This classification should be temporary and warrants immediate investigation and corrective steps after a determination has
been made that ongoing transmission has ceased. The setting should be reclassified as medium risk, and the recommended timeframe for this medium risk
classification is at least 1 year.

I Al HCWs should have a baseline two-step tuberculin skin test (TST) or one blood assay for M. tuberculosis (BAMT) result at each new health-care setting,
even if the setting is determined to be low risk. In certain settings, a choice might be made to not perform baseline TB screening or serial TB screening for
HCWs who 1) 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 2) will never be in contact with clinical specimens that might contain M. tuberculosis. Establishment of a reliable baseline result can
be beneficial if subsequent screening is needed after an unexpected exposure to M. tuberculosis.

** HCWSs whose duties do not include contact with patients or TB specimens do not need to be included in the serial TB screening program.

1 The frequency of testing for infection with M. tuberculosis will be determined by the risk assessment for the setting.

§§ During an investigation of potential ongoing transmission of M. tuberculosis, testing for M. tuberculosis infection should be performed every 8—10 weeks until
lapses in infection controls have been corrected and no further evidence of ongoing transmission is apparent.

% Procedures for contact investigations should not be confused with two-step TST, which is used for newly hired HCWs.

52 TUBERCULOSIS INFECTION CONTROL: A PRACTICAL MANUAL FOR PREVENTING TB



Responsibility

Use the following worksheet to identify who is responsible for the various controls in the
TBICP. In the first column, insert the appropriate name, position or committee responsible
for that control.

POSITION / COMMITTEE RESPONSIBLE RESPONSIBILITY

Ensure full compliance with the provisions of this TB ICP

Perform risk assessment annually; review and revise TB ICP
as needed

Review and approve facility risk assessment and TB ICP

Educate and document facility-wide TB education

Monitor compliance with TB ICP and report compliance
issues for resolution

Develop and implement TB screening program for
employees, physicians, and volunteers

Monitor and maintain environmental controls

All Employees Comply with all elements of the TB ICP, including attending
education sessions, obtaining required screening, using
respirators when indicated, using safe work practices, and
reporting all TB exposures

Administer and maintain the Respiratory Protection
Program

Note: Delete the last row if your classification is low-risk, all patients with TB disease are
immediately transferred to another location, and you elect to not use respirators.
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Employee Categories at Risk

All employees working in the clinic who share air with patients who may have infectious
TB are considered to be at risk for TB exposure. Review the following list of at risk em-
ployee categories and determine which categories apply to your facility:

Counselors and interviewers

Engineering and building maintenance staff
Housekeeping personnel who work in the clinic
Laboratory staff

Medical records or clerical staff, if work area is within clinic or is ventilated by clinic
ventilation system

Nurses and medical assistants

Patient-care personnel who provide directly observed therapy (DOT) or visit patients
in their homes

Physicians

Radiology staff

Registration staff

Security guards who spend time in clinic

Volunteers who will spend more than 6-8 hours in the setting cumulatively working
with persons who may have TB

Registry and Contract Personnel

[ )

Clinic management should ensure that registry and contract personnel in any of the
above categories have received TB education, TB screening, and respirator fit test-
ing (if needed) from their employer

Clinic supervisors will provide these employees with any clinic-specific TB control
information necessary for them to safely perform their work

Registry or other employer, and the employee, should be notified in writing of all
exposures

Administrative Controls

This TB ICP is based on a hierarchy of three levels of controls: administrative controls,
environmental controls, and respiratory protection. Administrative controls, the first level of
the hierarchy, are intended to reduce the risk or exposure to persons with infectious TB.

Administrative controls include:

Assigning responsibility for the TB ICP

Conducting a TB risk assessment of the setting
Implementing work practice controls

Training, educating, and counseling employees about TB
Screening employees for TB infection and disease

Developing and implementing TB control policies and procedures to ensure prompt
identification, isolation, evaluation, and treatment of persons likely to have TB
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Work Practice Controls

Definition of a Suspected Infectious TB Patient

An individual will be suspected of having infectious TB (unless the individual’s condition
has been medically determined to result from a cause other than TB) if it is determined
that the individual:

e |s known, or with reasonable diligence should be known, to have TB infection and
has signs and symptoms of pulmonary or laryngeal TB, or

e Has a positive acid-fast bacilli (AFB) sputum smear, or

e Has a persistent cough lasting 3 or more weeks and one or more symptoms of TB
disease (e.g., fever, night sweats, fatigue, unexplained weight loss, bloody sputum
[hemoptysis]), or

e Has been started on antituberculosis medications for clinical suspicion of active
pulmonary or laryngeal TB, but has completed less than 2 weeks of treatment or
has not demonstrated clinical response.

Your clinic may serve persons with additional symptoms or risk factors including HIV in-
fection, homelessness, alcoholism or drug abuse, poor nutrition, or medical conditions
that increase the risk of progression from LTBI to TB disease. A definition that is applicable
to your clinic should be included in your TB ICP.

Early Identification

Efforts to identify suspected or confirmed infectious TB patients will begin as soon as the
patient enters the clinic. All clinic personnel are encouraged to identify patients who are
coughing. Registration personnel are encouraged to ask simple questions such as, “How
long have you had that cough?” or “Do you have any symptoms other than your cough?”
Patients with coughs lasting more than 3 weeks, or who have other signs and symptoms
of TB will be immediately referred to triage personnel.

Triage personnel can use a written questionnaire to assist in the early identification of
persons with suspected or known infectious TB. Rapid identification of these patients will
enable staff to mask or isolate them as necessary. See page 146 and page 155 for tools
that you can use for this identification process.

The TB ICP will document the risk level and/or practice at your facility. Choose one of the
following paragraphs for this documentation:

e This clinic has been assessed as a low-risk facility for M. tuberculosis transmission.
Patients will not be screened for TB unless they have signs or symptoms of TB.

e This clinic has been assessed as a medium-risk facility for M. tuberculosis trans-
mission. Any patient with symptoms of TB or known HIV infection will be screened
for TB.

If the risk level of the clinic is ever determined to be potential ongoing transmission of
M. tuberculosis, all patients presenting to the clinic for service will be screened for TB
symptoms and risk factors. This is a temporary risk classification that requires immediate
investigation and corrective steps. After determination is made that ongoing transmission
has ceased, the clinic will be reclassified as medium-risk and maintain that classification
(medium-risk) for 1 year.

CLINICS
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Patient Respiratory Protection

Individuals with suspected or known infectious TB should wear a surgical mask when not
in an AlIR or a local exhaust ventilation (LEV) enclosure. The purpose of the mask is to
block aerosols produced by coughing, talking, and breathing. Patients will be monitored
to ensure compliance, and masks will be changed when damp.

Isolating Persons with Suspected Infectious TB

Masked patients will be escorted to a private waiting area, exam room, or other room to
prevent transmission and avoid embarrassment and concern. The TB ICP should identify
which rooms have been designated for isolation of persons with suspected or known in-
fectious TB.

The following are examples of paragraphs you can include:

e Room(s) has/have been designated for isolation of persons with suspected or
known infectious TB. This room is under negative pressure; exhausts directly out-
side, away from air intake vents, operable windows, and doors; and has at least __
___ACH. The room door will be closed when occupied by a person with suspected
or known infectious TB. A sign will be placed to alert staff to use proper precautions.
The sign will read: “STOP, CHECK WITH NURSE BEFORE ENTERING, WEAR RES-
PIRATOR TO PROTECT YOUR LUNGS.” A sign will be placed on the door to indi-
cate when the room will be safe for use after the patient leaves

Note: Twelve (12) ACH is the minimum ventilation rate recommended by the CDC
for new or renovated AllRs, and where portable HEFA filtration units are used. CDC
allows 6 ACH for existing AllIRs, but recommends that this be increased to 12 ACH
“where feasible.” In general, 12 ACH is usually feasible. It should be noted that, even
for existing rooms, 6 ACH may not satisfy local requirements. See Appendix G on
page 150 for a worksheet to calculate room clearance time. See Appendix L on
page157 for sample room signs

e Room(s) has/have been designated for segregation of persons with suspect-
ed or known infectious TB. These rooms have been selected because they are
located away from immunocompromised patients and young children. Since these
rooms do not meet the CDC criteria for All, patients will be masked and supervised
for compliance with masking. The room door will be closed when occupied by a
person with suspected or known infectious TB. A sign will be placed on the door
that reads: “PATIENT UNDER RESPIRATORY PRECAUTIONS.” A small portable
HEPA filter will run in the room when it is occupied by a person with suspected or
known infectious TB. The HEPA unit will run for minutes after the patient
leaves. A sign will be placed on the door to indicate when the room will be safe for
use after the patient leaves

In addition, the TB ICP should identify where warning signs are stored. This location
should be close to the AlIR and accessible to all employees.

Fast Tracking

A person with suspected or known infectious TB in need of a medical test or procedure
will be accompanied to other departments and will not wait in occupied waiting rooms.
Communicating with the receiving department prior to the patient’s arrival will minimize
delays.

For example, a suspected infectious TB patient who needs a chest x-ray will be masked
and escorted to the radiology department. The escort is provided to ensure that the pa-
tient does not remove the mask or get lost. The receiving department will be notified prior
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to patient arrival. Staff will be ready to perform the x-ray immediately to avoid possible
exposure of other patients and staff.

Whenever possible, tests such as electrocardiograms and specimen collection for labora-
tory analysis will be performed where the isolated or segregated patient is located, further
reducing the risk of transmission to other patients and staff.

Delay of High-Risk Procedures

High-risk (cough-inducing) procedures, which are not immediately required for diagnosis
or treatment, will be delayed until the person with suspected or confirmed infectious TB is
no longer contagious.

Covering Coughs

Tissue dispensers are placed within reach of patients throughout the facility. Signs are
placed in all waiting areas to remind patients to “Cover Your Cough” (see Appendix L on
page 157 for sample signs).

Nursing and registration staff have been trained, and are encouraged, to provide tissues
and remind patients to cover coughs.

Transfer of Suspected or Confirmed Infectious TB Patients
If your facility needs to transfer suspected or confirmed infectious TB patients, include a

section in the TB ICP on how to handle those patients. For example:

This facility does not have an AllR. All patients with suspected or known infectious TB
are transferred to , a facility with AlIR(s).

While awaiting transfer, persons with suspected or known infectious TB will wear

surgical masks and will remain isolated in room , which has been designated

for this purpose.

Employee Education

TB prevention training for employees is provided as mandated by OSHA and recom-
mended by the CDC. Training is offered to employees upon employment during regular
work hours and annually thereafter.

The employee signs a training record sheet at the end of the session to acknowledge
understanding of information described in the learning objectives. See Appendix | “TB
Infection Control Training Record” on page 154 for a sample sign-off sheet.
The following topics are included in employee TB education:

e Where to get a copy of the TB ICP if desired

e Groups at risk for occupational TB, especially immunocompromised workers

e Modes of M. tuberculosis transmission

e Symptoms of TB

e TB screening and treatment for LTBI

e MDRTB

e Procedure for isolating persons with suspected or known infectious TB

CLINICS
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e Employer and employee responsibilities under the TB ICP

e Use and limitations of methods that will prevent TB transmission, including administra-
tive and work-practice controls, environmental controls, and respiratory protection

e Reuse and disposal of respirators

The educational session includes an opportunity for interactive questions and answers
with the instructor.

Employees Required to Attend TB Prevention Education

Identify the persons who work in increased-risk environments and are required to attend
TB prevention education. If you choose to educate all employees, specify that in the TB ICP.

All employees listed on page 54 who may work with persons with suspected or confirmed
TB should be included in the TB education and training.

Employees Who Are Not Required to Attend TB Prevention
Education

Identify the individuals who are not mandated to attend TB education, as they are not at
increased risk for M. tuberculosis transmission:

e Qutdoor security guards
e Equipment repair personnel who primarily work off-site

e (Clerical staff who work off-site or in a separately ventilated clinic area

If you choose to educate all employees, the identification of these employees will not be
needed. If some of these categories do not exist in your facility, do not include them in
your TB ICP.

Educational Record Maintenance

Educational records will include the class topic, name and qualifications of the instructor,
employee name, position, department, and date and time of educational program. To
document that the employee attended the training session, the employee must sign the
training record sheet. Records will be maintained for 3 years.

Pre-placement and Periodic Employee
Screening

All employees, physicians, and volunteers who have potential for exposure to M. tubercu-
losis will be screened for TB at hire, and at least annually thereafter by TST or IGRA, if
indicated by the settings’ TB IC policies or TB risk classification, and complete a TB
symptom review questionnaire. For a sample HCW screening questionnaire, please see
Appendix E on page 147. Contract employees and students must provide proof of TB
screening that meets this facility’s requirements prior to assignment. The clinic’s policies
will specify which method of TB testing will be used in the setting (TST or IGRA). Follow
the content provided here that is specific for the selected testing method. Either method
is acceptable for diagnosing LTBI. However, the IGRA method requires different equip-
ment, laboratory, and courier service to ensure prompt and proper processing of the
blood specimens.
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TB Symptom Screen

All employees, physicians, and volunteers will be screened at hire and at least annually for
TB symptoms such as:

e Cough lasting more than 3 weeks
e Fever

e Night sweats

e Fatigue

e Unexplained weight loss

e Hemoptysis (bloody sputum).

TB symptom screen will be repeated annually by all employees regardless of their TST
status.

Symptomatic Employees

Any employee, physician, or volunteer with a persistent cough, especially in the presence
of other signs or symptoms of TB, will be evaluated promptly for TB. The individual will not
return to work until the following criteria are met:

e TB disease is ruled out based on physical exam, chest x-ray, and bacteriology (if
indicated); or

e TB disease is diagnosed and treated, and the individual is determined to be non-
infectious as defined below:

Had three negative AFB sputum smears obtained 8 -24 hours apart, with at least
one being an early morning specimen; and

Responded to antituberculosis treatment that will probably be effective, based
on susceptibility results; and

Had been determined to be noninfectious by a physician knowledgeable and
experienced in managing TB disease.

Interferon Gamma Release Assay (IGRA)

IGRA is the term used to refer to the blood test that detects infection with M. tuberculosis.
A more general term for these tests is Blood Assay for Mycobacterium Tuberculosis
(BAMT). In this manual we will use IGRA to refer to all blood tests currently used to diag-
nose TB infection in Europe and the United States. QuantiFERON®-TB Gold (QFT-G) is the
IGRA that was approved by the FDA in 2005 and is currently recommended by CDC as a
diagnostic test for TB infection. QFT-G measures the T-cell immune responses to two M.
tuberculosis proteins that are not present in any BCG vaccine strain nor in the majority of
nontuberculous mycobacteria (NTM). Therefore, QFT-G is a more accurate test when
compared to the TB skin test because it is much less likely to be falsely positive in indi-
viduals who have received BCG vaccinations or are infected with most other environmen-
tal mycobacteria.

The results of IGRAs are automated and reported by laboratory technology. Unlike the
TST, IGRAs do not involve reading or interpretation by health staff. This means results are
more consistent and less prone to errors made in placing and reading a skin test. A
positive QFT-G result occurs when interferon gamma concentrations reach a designated
threshold. A positive result suggests that M. tuberculosis infection is likely; a negative re-
sult suggests that TB infection is not likely; an indeterminate result suggests that the QFT-
G result cannot be interpreted. For a person with an indeterminate IGRA result, healthcare
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providers should consult a physician who is knowledgeable and experienced in managing
TB disease.

When using IGRAs in healthcare workers (HCWs) or other workers who need annual test-
ing, only a single step test is needed at baseline, unlike the two-step testing used in skin
testing. If the test changes from a negative to a positive result within a 2-year period, the
person is considered a “converter” or newly infected. IGRAs are a new test and it is still
unclear how to use prior TST information when interpreting the new IGRA result and ex-
pert advice may be needed in some situations. In addition to a positive or a negative re-
sult, the test may be reported as “indeterminate.” An indeterminate result means that the
test cannot be used to determine infection because of a lack of appropriate responses to
the controls in the test. In these situations, the IGRA can be repeated or a TST can be
used to avoid getting another indeterminate result. As with the TST, QFT-G results and
their interpretation should be considered in conjunction with other epidemiological, his-
torical, physical, and diagnostic findings.

More immunoassays are being developed that should be useful in the diagnosis of TB
infection. Future test methods using FDA-approved products, in combination with CDC
issued recommendations, may provide additional diagnostic options. CDC will periodi-
cally publish guidelines as alternate methods become available.

Testing Health-care Workers for TB

All employees, physicians, and volunteers who have unknown or undocumented previous
TST or IGRA results will have a TST or IGRA administered and read prior to starting em-
ployment.

Mantoux Tuberculin Skin Test (TST)

Identify the name(s) and job title(s) of the practitioner who will place the TST and who will
read the TST result after 48-72 hours. Employees may not read their own TST results.

Two-Step Skin Testing

Two-step testing is used to detect individuals with TB infection acquired in the remote
past who may now have diminished skin test reactivity. This procedure reduces the likeli-
hood that a boosted reaction will later be interpreted as new infection in employees who
are periodically tested.

e Two-step testing is performed on all new employees who do not have written docu-
mentation of a negative TST result in the preceding 12 months and have an initial
negative TST result at the time of employment

e The second TST is placed 1-3 weeks after the initial test result is read. Employees
who have a negative reaction to the first test and a negative TB symptom screen
may start work before the second test is placed. Any employee with a persistent
cough (more than 3 weeks), especially in the presence of other signs or symptoms
compatible with TB, should be excluded from the workplace and promptly evaluat-
ed for TB

e Asymptomatic employees with a positive (boosted) reaction to the second TST are
considered previously infected. The employee will be given a baseline chest x-ray
and referred for consideration of treatment for TB infection
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Past Positive TST

Employees, physicians, and volunteers who have written documentation of a previous
positive TST result are required to have a baseline chest x-ray at hire or provide written
documentation of a normal chest x-ray taken no more than 12 months prior to hire. The
chest x-ray will be repeated only if the employee develops signs or symptoms of TB or
when the attending physician decides a repeat chest x-ray is needed.

Screening is conducted, at least annually, via a TB symptom review questionnaire. The
symptom review form will be completed whenever a TST would be required of an em-
ployee with a negative TST result. If the symptom screen reveals signs or symptoms of
TB, the employee will be excluded from the workplace. A new chest x-ray and physical
assessment is then required.

BCG Vaccination

A history of previous vaccination with Bacille Calmette-Guerin (BCG) is not a contraindica-
tion for having TSTs. Criteria for placing and interpreting TST results are unchanged.

TABLE 4.

Definition of a Positive TST Result for HCWs

TST results are always recorded in millimeters (mm) of induration measured across arm, not simply as positive or negative.
Erythema (redness) without induration should not be measured. A TST result with no induration is recorded as O mm.

5 mm or greater 10 mm or greater 15 mm or greater

is considered positive in: is considered positive in: is considered positive in:

e Persons with HIV infection e Persons with medical conditions e All persons with no known risk
. .g., diabetes, chronic renal failure factors (in some states, including
e Recent contacts of a person with TB e.g., ! ’ ’
P silicosis, etc.) that increase the risk California, 10 mm is the cutoff for all
e Organ transplant recipients of progression to TB disease persons without risk factors)
¢ Persons with other e Persons who use intravenous drugs e HCWs with no known risk factors

who work in facilities where the risk
of TB exposure is very low

immunosuppressing conditions (e.g.,
receiving >15 mg/day of prednisone
for >1 month)

e Foreign-born persons from areas
where TB is common who have
immigrated to the US within the past

e Persons with fibrotic changes on 5 years
chest x-rays consistent with

previous TB disease e All employees of healthcare,

correctional, homeless shelter, long
term care, hospice, AIDS residential
care (where TB patients receive
care), and mycobacteriology
laboratory settings

TST Conversion
A TST conversion is defined as an increase of at least 10 mm in the size of induration from

less than 10 mm to 10 mm or greater within a 2-year period.

Note: the CDC states, “For HCWs who are at low risk (e.g., those from low incidence
settings), a baseline result of >15mm of induration (instead of >10mm) might possibly be
the cut point.”
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Frequency and Timing

All clinic employees who work in areas where air may be shared with persons with sus-
pected or known infectious TB must be screened for TB at least annually.

Include one of the following frequency options based on your facility risk assessment:

e This clinic has been assessed using a risk assessment tool and is classified as a
low-risk facility. No additional TB screening is necessary unless unprotected
exposure to an infectious TB patient occurs

e This clinic has been assessed using a risk assessment tool and is classified as a
medium-risk facility. Employees will be screened for TB annually, on the anniver-
sary of their hire dates, and following any unprotected exposure to an infectious TB
patient.

If the clinic has been assessed as having evidence of potential ongoing M. tuberculo-
sis transmission, employees will be screened for TB every 8-10 weeks until lapses in
infection control have been corrected and there is no evidence of ongoing transmission.
The clinic will then be reclassified as medium-risk and maintain that classification (medium-
risk) for 1 year.

More Frequent TB Screening for Increased Risk
Employee Categories

If your facility overall is categorized as low-risk, but some employees are at increased risk
for TB exposure, you may selectively increase the frequency of their TB screening. Iden-
tify the employee and physician categories that are designated at increased risk for TB
exposure and screen them for TB annually.

Volunteers will not be placed in high-risk areas or participate in high-risk procedures.

Evaluation of TST or IGRA Conversion

Any employee, physician, or volunteer with a TST or IGRA conversion or newly positive
TST or IGRA result will have a chest x-ray within 1 week. Identify by name the clinic physi-
cian who will evaluate the chest x-ray. Alternately, the employee’s private physician can
evaluate the x-ray if preferred by the employee. Symptomatic employees will be excluded
from work until cleared by a qualified physician with expertise in TB diagnosis and
treatment.

Employee with Suspected Infectious TB

If the symptom-screen, history, physical examination, or chest x-ray is consistent with TB
disease, the worker will be excluded from the workplace until:

e A qualified physician rules out TB disease based on physical exam, chest x-ray, and
bacteriology; or

e TB disease is diagnosed, treated, and the individual is determined to be non-infec-
tious as defined above under ‘Symptomatic Employees'

TB Screening Record Maintenance

All employees, physicians, and volunteers will receive a copy of their TST results and in-
terpretations. The following statement is included on the test result sheet, “HIV infection
and other medical conditions may cause a TST result to be negative even when TB infec-
tion is present.” The facility’s copy of the TST form is maintained in the employee’s confi-
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dential health file. Records will be maintained for the duration of employment plus 30
years. |dentify the person by position or title who will maintain an aggregate log of TSTs.

All employee TST conversions and confirmed TB cases will be recorded on the OSHA
300 Log unless substantiated as community-acquired.

Facility TST or IGRA Conversion Rates

Identify how the TST or IGRA conversion rates are determined for your facility. Use one of
the following paragraphs:

e The facility TST or IGRA conversion rate is calculated every 12 months to assess the
level of occupational risk. The calculation is as follows:

Total number of staff (except new hires)

with newly positive TST or IGRA results/year
X 100 = Conversion Rate

Total number of staff (except new hires)
who had TSTs applied and read/year or
IGRAs completed/year

e Facility TST or IGRA conversion rates are not calculated because a small number of
employees receive TSTs or IGRAs. An epidemiological investigation will be con-
ducted following any employee TST or IGRA conversion.

Determine and identify the appropriate committee or group (Infection Control Committee,
Administration, Safety Committee, TB control staff) who will interpret the TST or IGRA
conversion data. The committee will identify factors that could have contributed to trans-
mission and infection, and recommend implementation of appropriate preventive measures.

Compliance with TB Screening

Compliance with the TB screening program and post-exposure follow-up is mandatory
for all employees, physicians, and volunteers. Identify the appropriate department or indi-
vidual (department manager, employee health, human resources) who will notify the staff
when screening is due. Employees will have 30 days to complete the screening process.
Failure to comply will result in disciplinary action up to, and including, removal from the
work schedule.

Employee Exposure and Follow-up

Clinic employees may be inadvertently exposed to TB during the course of their work.

Exposure Definition

An employee is considered exposed when the employee has contact for more than a few
hours in a confined space, without the benefit of all appropriate exposure control mea-
sures, with a patient who has a positive AFB smear result or positive culture result for M.
tuberculosis or is strongly suspicious for being contagious, and who has not met all three
criteria (listed on page 8) to indicate that the patient is noncontagious.
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Department.

Factors that affect the significance of contact include:
e Duration of contact (at least a few hours)
e Proximity of contact

e Use of control measures that are functioning appropriately at the time of exposure
(e.g., employee wore a properly fitted N-95 respirator, TB patient was masked, and/
or sputum induction was conducted in a well-functioning LEV device)

Contact Investigation

Specify the name or position of the individual responsible for conducting a contact inves-
tigation. This person is responsible for the contact investigation, potentially in collabora-
tion with the local Health Department, following any known occupational TB exposure.
The contact investigation will begin when employee exposure to a suspected infectious
TB case has been identified and results of sputum culture or NAAT for M. tuberculosis are
pending. The contact investigation will include interviews with the work area supervisor
and the patient with suspected infectious TB (index case), if possible. A thorough review
of the patient’s chart will determine if the patient was transported to the clinic, had labora-
tory work done, visited radiology, or was interviewed by screening or counseling person-
nel. A brief memo identifying the patient by initials and date and time of visit will be posted
in employee-only areas of all departments where an exposure could have occurred in
order to alert those who wish to self-identify. If the index case is an employee, the memo
will identify work areas and meetings that may have provided opportunities for exposure
without revealing the employee’s initials or identity. Suspected or confirmed infectious TB
cases that trigger contact investigations must be reported promptly to the local Public
Health Department.

Screening Following Exposure

Specify the name or position of the individual responsible for screening employees follow-
ing occupational exposure to TB. This person is responsible for tuberculin skin testing or
providing IGRA and TB symptom screening of employees following occupational TB ex-
posure. A post-exposure baseline TST (for employees with negative TST results) and TB
symptom screen will be administered to exposed personnel within 1 week of suspected
TB exposure (i.e., positive AFB sputum smear report and clinical findings consistent with
pulmonary TB or positive NAAT for M. tuberculosis). Employees who have had a negative
TST result within the last 3 months may use that test and a new TB symptom screen form
as a baseline. Baseline status of employees with past positive TST results will be estab-
lished by completion of a TB symptom screening form.

If the post-exposure baseline TST result is negative, a second test will be performed
8-10 weeks after the date of the last known exposure.

Follow-up and Tracking

Specify the position title or name of the person who will be immediately notified of all new
TST conversions and will track required follow-up care (i.e., chest x-ray, initial follow-up
medical evaluation, confirmation of report to local Public Health Department).
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Employee with TB Disease

If the symptom screen, history, physical examination, or chest x-ray are indicative of TB
disease, the employee will be excluded from the workplace until:

e TB disease is ruled out based on physical exam, chest x-ray, and bacteriology; or

e TB disease is diagnosed, treated, and the individual is determined to have non-
infectious TB as defined under “Symptomatic Employees” on page 59

Employee TB Exposure Follow-Up

Use this worksheet to track the person or job position responsible for intervention.

POSITION / POSITION RESPONSIBLE INTERVENTION

Identifies employees occupationally exposed to TB by inter-
viewing patient, area supervisor, and reviewing patient’s chart.

Writes notification letter and ensures all identified employees
are aware of exposure. Places notice on employee bulletin
board in all departments in which exposure may have oc-
curred so that employees can self-identify.

Interviews identified employees to confirm exposure.

Organizes and tracks screening and TST or IGRA results.

Places, reads, and interprets TST or IGRA results. Com-
pletes TST or IGRA form.

Evaluates TB symptom screening forms.

Ensures employee with TST or IGRA conversion or TB
symptoms is referred for further evaluation.

Performs medical history, physical exam, medical manage-
ment and follow-up, and other related tests, if indicated.

Records occupational TB infections/TST or IGRA conver-
sions and TB disease on OSHA 300 Log and completes re-
quired paperwork.

Ensures that employees with suspected or known infectious TB
do not return to the workplace until their TB is non-infectious.

Notifies Public Health Department of suspected and con-
firmed TB cases as required.

Notifies Public Health Department of TST or IGRA conver-
sions if required.
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Environmental Controls in the
Clinic Setting

Environmental controls, the second level of the TB control hierarchy, can reduce the risk
of TB infection by decreasing the concentration of M. tuberculosis droplet nuclei and ex-
hausting them from a space. For more information about environmental controls, see
“Environmental Controls” on page 15.

Facility Ventilation System Description

Describe the facility’s ventilation system. Examples of ventilation system descriptions in-
clude:

e This clinic uses a single-pass air system (air is not recirculated, 100% of supply air
comes directly from outdoors, and all air from these areas is exhausted) in the fol-
lowing areas where infectious TB patients receive care:

e This clinic uses 25% efficient filters in the ventilation system.

e The fan setting on thermostats is maintained in the “on” position whenever the clin-
ic is occupied for continuous air movement and filtration.

e Portable HEPA filter units are used in the following rooms/areas:

Note rooms here:

e Permanently-mounted HEPA filter units are located in the following rooms/areas:

Note rooms here:

e AlIR(s) are available for isolating persons with suspected or known infectious TB.

e Ultraviolet germicidal irradiation (UVGI) is used in the following areas as an adjunct
to ventilation and filtration:

Insert areas where UVGI is used here:

Add any additional items that may be in place at your facility.

Environmental Controls for High-Risk
Procedures
High-risk procedures include cough-induction which may and may aerosolize M. tubercu-

losis. Special precautions must be used to prevent occupational exposure when these
procedures are performed on a person with suspected or known infectious TB.

Use one of the following statements:

e No high-risk procedures are performed on persons with suspected or known infec-
tious TB at this clinic.

e Special precautions are used to prevent/minimize occupational exposure when high-
risk procedures are performed on persons with suspected or known infectious TB.

Use all or part of the following table if high-risk procedures on persons with suspected or
known infectious TB are performed at your facility. Do not include the table if high-risk
procedures are not performed at your facility.
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TABLE 5.
Ventilation Precautions for High-Risk Procedures

For persons with suspected or known infectious TB

HIGH-RISK PROCEDURES SPECIAL VENTILATION PRECAUTIONS USED

e Sputum induction or sputum collection Local exhaust ventilation booth or tent
e Aerosol breathing treatments Local exhaust ventilation hood
e Pentamidine treatment (on any patient) AlIR with 6*-12 air changes per hour (ACH) exhausted di-

rectly outdoors away from operable windows, doors, and air
intake vents (using HEPA filtration if possible, where human
traffic may exist)

Performed outdoors only (sputum collection only)

e Bronchoscopy AlIR with 6*-12 ACH exhausted directly outdoors away from
operable windows, doors, and air intake vents (using HEPA

* Alnway suctioning filtration if possible, where human traffic may exist)

e Processing specimens for mycobacteriology Class | or Class Il biological safety cabinet (BSC) in a room
studies with All environmental controls

*6 ACH for existing, pre-1994 facilities

Employees who assist with high-risk procedures in any settings will wear NIOSH-approved N-95 or more protective respira-
tors. Respirators are not required when local exhaust ventilation enclosures are used.
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TABLE 6.

Environmental Controls for Low-Risk Clinics

AREA RECOMMENDATION COMMENTS

General e \Ventilation systems should have minimum 25% efficient 25% efficient filters (MERV 7 or 8) remove
Ventilation filters (MERV 7 or 8) about 50% of infectious particles in the size
System range of M. tuberculosis droplet nuclei.

e Provide at least 15 CFM of outside air per occupant or 2
air changes per hour (ACH) of outside air, whichever is

greater
General Waiting e Ten (10) ACH with 2 ACH of outdoor air is recommended Patients have not yet been screened or
Rooms for this area diagnosed. Increasing the ACH will dilute

infectious particles. Airflow from staff areas
(clean areas) toward areas that may be
occupied by TB patients (less clean areas) will
e Ultraviolet germicidal irradiation (UVGI) may also be used help to protect clinic staff.

in this area to supplement ventilation systems

e Use high efficiency particulate air (HEPA) filter units to
increase effective ACH if needed

e Air should flow from clean areas toward less clean areas

General Exam e Recirculated air should be filtered with minimum 25%
Rooms efficient filters (MERV 7 or 8)

e Atleast 6 ACH are recommended

e Room should be at neutral or negative pressure relative to
adjacent spaces

Airborne e Probably not needed for low-risk facilities. The occasional
infection person with suspected or known infectious TB can be
Isolation/Exam masked and segregated in a closed room with a small
Room HEPA filter unit, or directed outdoors and referred to a

facility with an AlIR

Sputum e Fully enclosed sputum induction booth with local exhaust CDC Guidelines recommend a medium-risk
Induction ventilation (LEV) is preferred category for facilities performing sputum
e Partially enclosed LEV is the second-best option :c:]:tlifr;[gn on suspected or confirmed TB
e |f LEV is unavailable, any room used for sputum induction
should meet all recommendations for an AllR, including Air intake flow should be designed to come in
negative pressure, at least 12 ACH, and air exhausted from both sides (in front of patient and health-
directly outside or HEPA-filtered. Negative pressure care worker) and out to the back of patient so
should be checked daily when in use that exposure is minimized for the healthcare

worker. Negative pressure (direction of flow)
should be monitored constantly
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TABLE 7.

Environmental Controls for Medium Risk Clinics and Clinics with Potential Ongoing Transmission

AREA

General
Ventilation
System

RECOMMENDATION

e \Ventilation systems should have minimum 25% efficient
filters (MERV 7 or 8)

e Provide at least 15 CFM of outside air per occupant or 2
air changes per hour (ACH) of outside air, whichever is
greater

COMMENTS

25% efficient filters (MERV 7 or 8) remove
about 50% of infectious particles in the size
range of the TB droplet nuclei.

General Waiting

e Ten (10) ACH recommended with 2 ACH of outdoor air

Patients have not yet been diagnosed or

Pulmonary Clinics

for this area
e Air should flow from clean toward less clean areas

e Use portable HEPA filter units to increase effective air
change rates if needed

e UVGI may also be used in this area to supplement
ventilation systems

Rooms « Use high efficiency particulate air (HEPA) filter units to screened. Increasing ACH dilutes any
) ! ; infectious particles in the air. Airflow from staff
increase the effective ACH if needed
areas (clean areas) toward areas that may be
e Ultraviolet germicidal irradiation (UVGI) may also be used occupied by TB patients (less clean areas) will
in this area to supplement ventilation systems help to protect clinic staff.
e Air should flow from clean areas toward less clean areas
Medium-Risk e Air from this room should be exhausted or HEPA-filtered CDC Guidelines recommend that ambulatory
Waiting Areas before recirculation care areas where patients at high risk for TB
such as those in e Ten (10) ACH with 2 ACH of outdoor air is recommended are tlre{ateql be vgntllated In the same manner
Radiology or as similar in-patient areas.

General Exam
Rooms or
Interview Rooms

e Six (6) ACH with 2 ACH of outside air is recommended

e Room should be at neutral or negative pressure relative to
adjacent spaces

e Use portable HEPA filter units to increase the effective
ACH if needed

Airborne
infection
Isolation/Exam
Room

e Recommended for medium-risk clinics
e Atleast 12 ACH with 2 ACH of outdoor air recommended

e Air should be properly discharged outdoors or HEPA-
filtered before recirculation

e Room should be under negative pressure

* Negative pressure should be monitored at least monthly,
and daily when room is in use

Twelve (12) ACH is the minimum ventilation
rate recommended by the CDC for new or
renovated AllRs. The CDC allows 6 ACH for
existing pre-1994 AlIRs, but recommends
that this be increased to 12 ACH “where
feasible.” In CITC experience, 12 ACH is
usually feasible. It should be noted that 6
ACH may not satisfy local requirements.

Sputum
Induction

e Fully enclosed sputum induction booth with LEV is
preferred. Partially enclosed LEV is the second-best
option

e |f LEV is unavailable, any room used as a sputum

induction room should meet the requirements for AllRs,
including negative pressure, at least 12 ACH, and air
exhausted directly outside or HEPA-filtered. Negative
pressure should be checked daily when in use

CDC Guidelines recommend a medium-risk
category for facilities performing sputum
induction on suspected or confirmed
infectious TB patients. CDC Guidelines
recommend that LEV devices are located in
an AllR.
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Maintenance, Monitoring, and Communication

Specify the individual or department responsible for the maintenance, monitoring, and
communication of the environmental controls. The following list shows examples of the
type of controls to track:

Mechanical equipment is inspected by
and maintained at least yearly, and as needed.

Filters are inspected quarterly and changed if necessary
by

Supply and return air registers are cleaned every 6 months and as needed
by

The negative pressure of airborne infection isolation rooms (AlIRs) and sputum induction
rooms is checked daily (when in use) by

UVGI bulbs are dusted monthly and changed according to manufacturer’s recommen-
dations by

UVGI warning signage stating, “Caution, High Intensity Ultraviolet Energy, Protect Eyes
and Skin” is posted by

Engineering and infection control personnel work as a team in efforts to control TB.
Maintenance and monitoring results are promptly communicated to clinic management/
infection control staff by

Results of air balance reports and negative pressure checks in AllRs are copied to clinic
management/infection control staff by

Shutdowns for maintenance of the ventilation system are coordinated with clinic
management/infection control staff by

Records of maintenance and monitoring are maintained for 5 years
by
and are located
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Respiratory Protection

The third level of the TB control hierarchy is the use of personal respiratory protection
equipment. Respirators are used by HCWs in certain situations in which the risk for expo-
sure to M. tuberculosis may not be controlled by administrative or environmental mea-
sures alone.

If your clinic is a low-risk facility, include the following paragraph in the TB ICP:

This clinic has been designated as a low-risk ambulatory care setting. We have
opted to utilize administrative and environmental controls to prevent high-risk
exposure situations that require the use of respirators. For example, until they
can be transferred to a facility for appropriate evaluation and care, persons with
suspected or known infectious TB will be given surgical masks, educated on the
importance of keeping the mask in place and changing it when damp, and ob-
served for compliance with this request. This risk designation will be reassessed
annually and after any occupational TB exposure.

If your clinic is a medium-risk facility include the following paragraphs:

This clinic has been designated as a medium-risk ambulatory care setting. Em-
ployees provide care to TB patients and may perform high-risk procedures such
as sputum induction. OSHA mandates respirator use for facilities unable to pre-
vent certain high-risk situations via administrative or environmental controls. A
respiratory protection program utilizing N-95 respirators has been developed
and instituted to enhance staff safety.

Clinic employees are required to wear NIOSH-certified N-95 respirators, which
have been approved for protection against TB, when:

¢ |n the presence of a suspected or confirmed infectious TB patient who
is unable or unwilling to wear a mask

e Entering a room, including an AllR, which has been occupied by an
unmasked person with suspected or confirmed infectious TB, prior to
the time required for 99% of the airborne contaminants to be removed
from the room

e Transporting or accompanying a person with suspected or known
infectious TB in an enclosed vehicle, even if that patient is wearing a
surgical mask

e |n the presence of high-risk procedures (e.g., sputum induction)

[All of the following are OSHA-mandated and should remain in your TB ICP]

We have selected the following [Insert brand(s) of respirators used here.
A selection of sizes must be offered] N-95 respirators for use in this
clinic:
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Respiratory Protection Program

If your facility uses respirators, you must have a Respiratory Protection Program that in-

cludes a written Respiratory Protection Plan (RPP).

Specify where the written RPP is located. The RPP should include instructions related to:

e Selecting and issuing respirators

e Respiratory protection for bearded employees or individuals unable to use a res-
pirator

e Employee training (including which employees are required to use respirators)
e (Conducting respirator fit tests

e (Conducting respirator fit checks

e Inspecting respirators

e (Cleaning, sanitizing, and maintaining respirators

e Storing and disposing of respirators

e Respirator limitations

e Medical surveillance

Note: Additional information and assistance with writing an RPP can be found on the fol-
lowing Web sites:

http://www.dir.ca.gov/dosh/dosh_publications/respiratory.pdf

http://www.osha.gov/SLTC/etools/respiratory/oshafiles/writtenprogrami.html

TB Infection Control Plan (ICP)
Evaluation

The TB ICP should be reviewed at least annually. Specify the name of the individual or
committee who will perform the review. The review will include a reassessment of the
clinic’s risk level (please consult Appendix B [revised version], of the CDC guidelines), in-
cluding an analysis of any employee TB exposures, employee TST or IGRA conversions,
or evidence of person-to-person transmission. Factors that may have contributed to TB
exposures or transmission will be reviewed. Interventions to prevent recurrence will be
implemented. The TB ICP will be amended to reflect these policy and/or procedure
changes.

Any cluster of employee TST or IGRA conversions will prompt an immediate review and
assessment of the TB infection control program.
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Sputum Induction




This section of the manual provides practice-based guidance on conducting sputum
induction safely. It addresses the following issues:

e Safe sputum induction for a person with suspected or known infectious TB

e Administrative controls, including signage and a sample sputum induction procedure

For a complete review and discussion of early identification of persons with suspect-
ed or known infectious TB in a variety of healthcare settings, refer to the Appendix for
1B triage tools and the Resources section for a list of additional materials and
suggested reading.

About Sputum Induction

Sputum induction is used to obtain sputum for diagnostic purposes when patients are
unable to spontaneously expectorate a specimen. The procedure uses sterile water or
hypertonic saline to irritate the airway, increase secretions, promote coughing, and pro-
duce a specimen. The CDC and OSHA both classify sputum induction as a high-risk
procedure when performed on a person with suspected or known infectious TB. This
procedure induces coughing, resulting in a greater likelihood that infectious droplet nuclei
are expelled into room air. Because of this increased risk, it is recommended that sputum
induction be performed on persons with suspected or confirmed infectious TB only if
absolutely necessary to obtain/confirm a TB diagnosis. All appropriate precautions must
be used whenever sputum induction is performed.

Elements that are essential for a safe sputum induction program include:

e A triage program to identify persons with suspected or known infectious TB prior to
sputum induction

e A written sputum induction procedure that includes TB infection control instructions
e Employee training on safe and effective sputum induction procedures
e Appropriate signage for high-risk procedure rooms

e Environmental controls meeting OSHA requirements and CDC recommendations,
which may include use of the following:

Local Exhaust Ventilation (LEV, see page 78 for definition)
Airborne infection isolation precautions
Supplementary UVGI

* Monitoring and maintenance programs for environmental controls

e A respiratory protection program
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Effective TB control programs are based on a hierarchy of control measures. In the order
of priority, the three levels of the hierarchy are: administrative controls, environmental con-
trols, and respiratory protection for employees.

Administrative Controls for
Sputum Induction

Administrative controls, the first level of the hierarchy, are designed to reduce the risk of
exposure to persons with infectious TB. These controls include policies and procedures
for early identification, evaluation, isolation, and treatment of patients likely to have TB.
Administrative controls essential to safe sputum induction on high-risk patients include:

e FEducating employees about TB and the risk of M. tuberculosis transmission during
sputum induction

e Developing a sputum induction policy and procedure that includes patient care
measures and staff safety issues, and is easily followed by staff

e |dentifying persons likely to have TB prior to the sputum induction procedure
e Implementing work control practices for sputum induction

e Monitoring compliance with and evaluating sputum induction procedures on a
periodic basis.

Educating Staff

A system should be developed to inform staff of new or updated policies and procedures;
education should be provided as necessary. One simple way of documenting that staff
have read a new policy is to post it in a staff-only area and require that staff initial the
posted copy after reading it. After a 30-day posting, the document is placed in a binder
that remains available to staff. The information should also be included in department-
specific orientations for new employees who will be assisting in sputum induction.

Product sales representatives will often train facility staff when equipment such as a local
exhaust hood or booth has been purchased from their company. After the initial training
session, a brief review of important safety issues can be presented periodically at staff
meetings.

Providing a Written Sputum Induction
Procedure

High-risk procedures such as sputum induction must have up-to-date, understandable
written procedures for staff to follow. One copy should be filed in the policy and procedure
manual. A second, simplified set of instructions should be posted within view of the em-
ployee performing the sputum induction. These instructions can be placed on the door of
the sputum induction room or attached to the sputum induction hood.

A written procedure should include safety measures such as identifying person with sus-
pected or known infectious TB, using a respirator correctly, placing cautionary door sig-
nage, and verifying negative room pressure. The following are suggested topics to include
in a sputum induction procedure:
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sputum induction.

e Patient instructions and education
e |nstructions for operating sputum induction equipment

e Instructions for confirming room negative pressure or properly functioning
hood or booth

e Instructions for safe use of UVGI, if applicable

e Specimen handling instructions

e Use of respirators by staff

e Use of other personal protective equipment such as gloves and face shields
e Cleaning and disinfection requirements for room/equipment

e |nstructions for placing signage during procedure

e |nstructions for assuring adequate removal of airborne contaminants
between patients

See “Performing Sputum Induction” on page 82 for highlights of a sputum induction pro-
cedure.

Early Identification of a Suspect TB Patient

Early identification of patients who have TB is especially important prior to high-risk pro-
cedures such as sputum induction. All facilities should have written criteria and a protocol
in place to rapidly identify and implement precautions for suspected infectious TB pa-
tients. In out-patient settings or emergency departments, efforts to identify infectious TB
patients should begin as soon as the patient enters the facility and approaches the admis-
sion or registration desk. In both in-patient and out-patient settings, the following patient’s
warrant additional screening or action:

e Patients presenting with TB symptoms (e.g., cough, fever, night sweats, fatigue,
weight loss, hemoptysis)

e Patients who have risk factors for TB (e.g., HIV infection, birth in country where TB
is endemic, homelessness, injection drug use, recent incarceration, recent exposure
to an infectious TB case, a new positive TST, or a history of TB infection or dis-
ease).

Cal/OSHA requires that healthcare facilities develop criteria to identify individuals who are
“suspect” TB cases. These criteria must include identification of the following individuals:

e Any person who is known, or with reasonable diligence should be known, by the
employer to be infected with TB and has signs or symptoms of pulmonary or laryn-
geal TB

e Any person who has a positive AFB smear, or any other positive test result, obtained
for the purpose of diagnosing pulmonary or laryngeal TB

e Any person who meets the facility’s criteria for identification based only on signs and
symptoms when TST and laboratory-generated information are not available.

A person with suspected or known infectious TB waiting for a sputum induction proce-
dure should wear a surgical mask when not in an AlIR or complete enclosure. The purpose
of the mask is to block aerosols produced by coughing, talking, and breathing. A surgical
mask on a cooperative patient may provide adequate short-term protection. A mask is
not effective for extended periods of time, however, and should be changed if damp.
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All patients having sputum induced for diagnostic purposes should first be screened for
TB. If the minimum criteria for a suspected infectious TB case are met, the sputum induc-
tion procedure is considered a high-risk procedure, and must be performed using LEV or
in a room that meets the ventilation requirements for TB isolation.

Two tools are included in the Appendix to assist in the early identification of persons with
suspected or known infectious TB. The first is the Respiratory Isolation of Pulmonary Tu-
berculosis (RIPT) protocol developed by Roger Lewis, MD, PhD, Department of Emer-
gency Medicine at Harbor-UCLA Medical Center, in Appendix J on page 155. The second
tool, “Early Detection of Tuberculosis Questionnaire,” in Appendix D on page 146 is an
adaptation of a questionnaire developed by OSHA. See “References” and “Resources” at
the end of this document for additional articles and information on the early identification
of suspected TB patients.

Implementing Safe Work Practices

The sputum induction procedure included in this guideline outlines and discusses impor-
tant issues for patient and employee safety. After adapting the procedure to fit your facil-
ity, practice, and equipment, you must educate all employees who may participate in
sputum induction procedures. This can involve interdepartmental meetings, educational
sessions, and equipment demonstrations by product sales representatives. Periodic
monitoring is essential to ensure that the sputum induction procedure is fully implemented
by all staff. Periodic updating and refresher sessions will be necessary as staff or equip-
ment change.

Environmental Controls for
Sputum Induction

Environmental controls are the second level in the TB control hierarchy. They help to re-
duce the risk of M. tuberculosis transmission during sputum inductions by removing in-
fectious particles from the air and controlling the direction of airflow. Two main types of
environmental controls for sputum induction are LEV devices and rooms that have the
same ventilation characteristics as AllRs. Sputum induction should not be done in facili-
ties that do not have rooms with these characteristics. Patients should be referred to fa-
cilities that are appropriately equipped.

A comparison chart showing the advantages and disadvantages of different sputum in-
duction environmental controls is included in “Summary of Sputum Induction Environ-
mental Controls” on page 86.
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Local Exhaust Ventilation (LEV) Devices

LEV devices provide the most efficient method of capturing infectious particles. By cap-
turing these particles close to the point of generation, dispersion of particles to other ar-
eas of the building is prevented. If particles are not captured at the source, they become
more difficult to control due to the larger space they will occupy. Removal of particles from
room air requires longer periods of time, special exhaust or filtration systems, and higher
operating costs than if particles are captured at the source.

Local exhaust units should be placed in an AllR. The effective operation of these units
requires that staff know how to set up, use, and maintain them. Respiratory protection for
staff is recommended, at least an N-95 respirator.

There are two basic types of local exhaust devices: complete enclosures and partial en-
closures.

Complete Enclosures (Booths and Tents)

FIGURE 8A.

Complete Enclosure
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A fully enclosed booth or tent is the preferred type of local exhaust device. These
devices physically separate the patient from others during sputum induction. Air
from booths and tents is usually HEPA-filtered and discharged back into the
room, but can also be exhausted outdoors. Some booths and tents can be eas-
ily assembled, dismantled, folded, and stored. Others are more difficult to as-
semble and disassemble, requiring greater installation time and effort.

Booths typically have rigid walls and are less portable than tents and partial en-
closures. Some units require assembly in the room, while others come already
assembled and can be used immediately.

Tents have flexible walls with rigid frames. They require some minor assembly
prior to use and disassembly prior to storage.

Partial Enclosures (Hoods)

Partial enclosures are hoods that do not fully enclose the patient. These devices
are open on one side, where the patient sits. Air is drawn across the patient’s
breathing zone, then HEPA-filtered and discharged back into the room. Some
units discharge exhaust air directly outdoors.

--------------------------------------------------- Patients must be instructed to sit as far as possible inside the hood opening
FIGURE 8B.

Partial Enclosure
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when coughing. The hood should maintain an air velocity of at least 200 feet per
minute (FPM) at the patient’s breathing zone to capture droplet nuclei. Air cur-
rents from open windows and doors or people moving about the room, can
adversely impact the effectiveness of these devices. Partial enclosures are com-
monly mounted on carts that can be moved to any room for sputum induction
procedures.

Since partial enclosures do not physically separate the patient from others, these
devices may not be as effective as fully enclosed units.
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Sputum Induction Rooms

A room with special ventilation should be used for sputum induction to prevent infec-
tious particles from escaping to other areas of the facility.

The CDC Guidelines for Preventing the Transmission of Mycobacterium tuberculosis in
Health-care Settings, 2005 recommmend that sputum induction rooms have the following
characteristics:

* Negative pressure relative to adjacent areas

e Air change rate of at least 6 mechanical ACH for existing isolation and procedure
rooms. However, the CDC Guidelines also recommend, “Whenever feasible, this
airflow rate should be increased to =12 mechanical ACH by adjusting or modifying
the ventilation system or should be increased to >12 equivalent ACH by supple-
menting with air-cleaning technologies (e.g., fixed or portable room air recirculation
systems or UVGI systems)

e Air change rate of at least 12 ACH for new or renovated isolation and procedure rooms

e Supply and exhaust grilles should be positioned on opposite sides of the room to
promote good air mixing. The exhaust grille should be positioned near the patient

e Air from the room should be exhausted directly outdoors, away from air-intake vents,
persons, and animals. Exhaust ducts should be located away from areas (e.g., side-
walks or windows) that can be opened. The CDC Guidelines allow for recirculation
into the general ventilation system if unavoidable and the air is HEPA-filtered before
recirculation. Local codes and regulations should be checked, as even HEPA-fil-
tered air cannot be recirculated in many localities.

Local codes and regulations should be consulted to determine specific ventilation system
requirements for your area. For example, Cal/OSHA, who require 12 ACH for sputum in-
duction rooms, will not accept an air change rate of 6 ACH for this setting.

Air Exhausted Outdoors from Sputum
Induction Booths, Hoods, and Rooms

Air exhausted outdoors from complete enclosures, partial enclosures, and AllRs should
be discharged at a safe location in accordance with local regulations. If this is not possi-
ble, the air removed from the room should be HEPA-filtered prior to being exhausted.

Maintaining Sputum Induction Devices and
Rooms with HEPA Filters

The maintenance of partial and complete enclosures includes inspecting and replacing
pre-filters and final HEPA filters. Many of these devices are equipped with filter gauges
that indicate when filters are dirty and need replacement. Pre-filters (used to prolong the
life of HEPA filters) need to be changed more often than final HEPA filters. Filters should
be changed and disposed of in accordance with local requirements. Some localities may
require that staff wear respirators and treat the discarded filters as medical waste.

Recommendations on scheduled maintenance may vary with each manufacturer. A staff
person or facility engineer should be assigned to monitor the maintenance of the sputum
induction device. This person should be trained in the basic principles of the unit's opera-
tion, including recommended periodic checks.

SPUTUM INDUCTION
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Location of Sputum Induction Rooms

Sputum induction rooms and local exhaust devices should be placed near patient care
areas, where staff can monitor and assist patients as needed. The room should be lo-
cated away from waiting rooms and other areas where patients or visitors are likely to
enter and risk exposure.

Air should be discharged away from other outdoor air intakes or openings into the build-
ing (such as operable windows and doors, and outdoor air intakes into building ventilation
systems).

Signage

It is essential to place a warning sign on the door of any room being used for sputum in-
duction. Signage should:

e Warn patients and family members not to enter the room

e Remind clinic staff that a respirator is required for entrance when the room is, or has
recently been, occupied by a person with suspected or known infectious TB

e |ndicate when the room was last occupied by a person with suspected or known
infectious TB and at what time the room will be safe to enter without a respirator.

The sign’s message should be clear to non-English speaking individuals and children.
One suggestion is a sign that combines a stop sign symbol with the message, “Do not
enter, N-95 respirator required.” A second sign should state, “Room will be safe to enter
without a respirator at .” The sign should state the clearance time period needed
to attain 99% clearance of airborne particles in the room. This will make it easier for staff
to determine when it is safe to enter the room.

Signs can be developed in-house or purchased from a company that specializes in med-
ical signs and labels. Professionally made signs tend to be more readily noticed, and
therefore are generally more effective. Sample signs are included in Appendix L starting
on page 157.

Clearance Time Between Patients in Sputum
Induction Rooms or Complete Enclosures

Adequate time must elapse between patients to allow for the removal of >99% of airborne
contaminants by the exhaust system. Exhaust fans serving the rooms or enclosures must
always be left on during the clearance period to remove the airborne particles. Staff enter-
ing before sufficient time has elapsed must wear a respirator.

Appendix G on page 150 contains a step-by-step worksheet to help determine the time
required to achieve a removal efficiency of >99% in a room or enclosure.

The relatively small size of complete enclosures makes high air changes in these devices
readily achievable. The manufacturer’s instructions should be consulted for recommend-
ed clearance times for complete enclosures.
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Verifying Negative Pressure in
Rooms, Booths, and Tents

FIGURE 9.

Smoke Test with Incense
The CDC Guidelines recommend the confirmation of negative pres-

sure through the use of manometer measurements, smoke tubes,

or other reliable indicators. Confirmation should be done daily

whenever a sputum induction room is used for high-risk proce-

dures. Negative pressure in LEV devices, such as partial or com-

plete enclosures, should also be verified daily. This testing can be

done with tissue paper or incense sticks if the other instruments are

not available.

To use smoke or incense, release the smoke parallel to the door
about 2 inches in front of the gap under the closed door outside the
room as shown in figure 9. The smoke should be observed moving
under the door into the AlIR, or into the enclosure.

To use tissue paper, hold a thin strip of tissue parallel to the door
outside the room, extending across the gap under the closed door.
The tissue should be drawn towards the room by the airflow under
the door. Tissue is not as sensitive to air movement as smoke or
incense.

Respiratory Protection for Sputum
Induction

In the absence of LEV, administrative and environmental controls will reduce, but not
eliminate, the risk of exposure to M. tuberculosis in rooms used to perform sputum induc-
tion procedures on persons with suspected or known infectious TB. The third level of the
TB control hierarchy is the use of respiratory protection. HCWs present during a high-risk
procedure, such as sputum induction, must wear N-95 NIOSH-approved respirators un-
less the patient produces the sputum while isolated in a properly functioning LEV device.
Since LEV devices capture infectious particles at their source, respirators are not required.

Staff entering a room or booth after sputum induction must wear respiratory protection
until >99% of airborne contaminants have been removed from the air. This time period will
vary depending on the size of the area, the number of ACH, and the estimated amount of
air mixing. This same time period should be used when calculating the time interval that
must pass before another patient can use the enclosure or room. See “Room Clearance
Time Calculation Worksheet” in Appendix G on page 150 for a form to calculate clearance
times.
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Performing Sputum Induction

Sputum induction on a person with suspected or known infectious TB is considered
a high-risk procedure because it can expose HCWs to droplet nuclei containing M.
tuberculosis. LEV devices should be used to capture airborne contaminants at or
near their source so they do not enter the general air circulation

If sputum induction is performed without LEV devices, the CDC Guidelines recom-
mend a minimum of 6 ACH in the sputum induction room. However, at least 12 ACH
are preferred, recommended for new/renovated construction, and may be required
by local codes. The room air should be exhausted directly outdoors at least 25 feet
away from air inlets and operable windows and doors. The room should be under
negative pressure, which should be monitored daily when sputum induction proce-
dures are being performed

Partial LEV devices should be monitored daily to confirm airflow when being used
for persons with suspected or known infectious TB

Partial LEV devices should maintain an air velocity of at least 200 feet per minute at
the patient’s breathing zone. This velocity should be checked monthly

Complete LEV enclosures should be monitored daily when being used for persons
with suspected or known infectious TB to assure that the device is operating cor-
rectly

Standard precautions must be followed in all patient care activities. Gloves must be
worn when hand contact with blood or other potentially infectious materials is antic-
ipated. Masks and eye protection must be worn if the face may be splashed,
sprayed, or splattered with blood or other potentially infectious material. Gowns or
aprons must be worn if clothing or skin may be splashed or splattered with blood or
other potentially infectious material

A properly fitted NIOSH-approved respirator must be worn by any employee who
enters a sputum induction room or other complete enclosure during a cough-induc-
ing procedure or before 99% of the airborne particles are removed from the space

Disposable nebulizers, corrugated tubing, and mouthpiece are preferred. Reusable
items must be washed and disinfected by:

Pasteurization (75°C water for 30 minutes) or

High-level disinfection with a glutaraldehyde product following manufacturer’s
label instructions

Aseptic technique must be used when placing sterile water or hypertonic saline in
the nebulizer chamber. While some ultrasonic devices have a tap water reservoir,
only sterile solutions should be placed in the cups or nebulizers that produce the
mist inhaled by the patient.

Disposable tubing, cups, and tissues may be disposed of in regular trash contain-
ers. Only blood-containing body fluids, which may drip or splash, must be disposed
of in special biohazard containers.

TUBERCULOSIS INFECTION CONTROL: A PRACTICAL MANUAL FOR PREVENTING TB



Equipment
e Aerosol generator/nebulizer
e Clear plastic zip-lock bag with biohazard label
e Corrugated aerosol tubing (disposable preferred)
e Cup of water

e Disinfectant (household bleach 1:10 dilution or tuberculocidal quaternary ammonium
compound)

e Gloves

e labslip

e Mouthpiece (disposable preferred)

e Respirator (N-95 for HCW)

e Sterile sputum collection container

e Sterile water or sterile hypertonic saline
e Surgical mask (for patient)

e Tissues

SPUTUM INDUCTION



TABLE 8.

Step-by-step Guide to Performing Sputum Induction

PROCEDURE KEY POINTS

1. Explain the procedure to the patient e Purpose of procedure

e Disinfection or disposal of equipment after patient use
e When results will be available

e How to use the nebulizer

e How to open and expectorate into sputum container
e How to place container in plastic bag

e How to notify nurse if assistance is needed or when
procedure is completed

e |mportance of staying in the room or booth until coughing
has stopped

e |Importance of replacing surgical mask before leaving room or
booth (if appropriate)

2. Instruct patient in sputum induction e Remind patient to not begin the sputum induction procedure
until staff member has left the room and closed door (where
applicable)

¢ Rinse mouth or drink water prior to beginning procedure
¢ Inhale mist with deep breaths

e Cough vigorously if spontaneous coughing does not occur.
Cover mouth with tissue when coughing, unless
expectorating into a jar

e Continue attempts until 5-10 ml of sputum have been
obtained. (Show patient how much is needed on specimen
container.) Confirm quantity of sputum with your testing
laboratory

3. Prepare nebulizer for patient use e Two types of nebulizers are commonly used for
sputum induction:

Compressor devices that create an aerosol with
compressed air

Ultrasonic devices that use sound waves in a tap water
reservoir to create aerosol

e Test nebulizer to ensure that adequate mist is produced

4. Ensure patient has all necessary e Patient should remain in booth or room after procedure
equipment and understands all begins

instructi . - - .
instructions e Turn on LEV and/or verify that air is flowing into device or

room (room or device is at negative pressure)
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PROCEDURE KEY POINTS

5.

Patient must be observed at all times
during the procedure

Watch carefully for signs of respiratory distress and ensure
that patient does not leave the room until coughing
has stopped

A view window in the door should be provided to monitor the
patient

Wear properly fitted, NIOSH-approved
respirator if entering or remaining in
sputum induction room

Infectious droplet nuclei may be dispersed into the air during
the procedure

Staff standing outside properly functioning local exhaust
booth or AlIR do not need to wear respirators

Ensure that patient remains in the room/
enclosure until coughing has stopped

Contain infectious particles in the room/enclosure

If it is necessary for the patient to leave
before coughing has stopped, ensure
patient is masked

Prevent dispersion of infectious particles

If sputum induction is performed on a
suspected or confirmed infectious TB
patient, the patient should be masked
continuously when not in the LEV
device or sputum induction room

Prevent dispersion of infectious particles

10.

Ensure that door is closed after patient
completes the procedure and leaves
the room or complete enclosure

Prevent contaminated air from escaping into the corridor
(if room is used)

11.

Place a sign on the door indicating
when the room will be safe to enter

Adequate time must be allowed for removal of at least 99%
of airborne contaminants. This time period will vary,
depending on the amount of air exhausted from the room,
room air mixing, and the size of the room (see Appendix G
on page 150)

12.

Prepare room for next patient

Wait required time for room to clear of infectious airborne
particles (see #11) or wear properly-fitted, NIOSH-approved
respirator when entering room

Remove and discard disposable items. If reusable
components are used, soak in detergent or enzyme solution
to prevent drying of secretions

Wipe counter with approved disinfectant between procedures
and at the end of the day. If preferred, an imperviously-
backed absorbent paper may be placed on counter and
changed between patients
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TABLE 9.

Summary of Sputum Induction Environmental Controls — Advantages & Disadvantages

TYPE OF CONTROL ADVANTAGES DISADVANTAGES

Complete Enclosure

Booth or Tent

Complete physical separation between
patient and staff

Provides highest degree of safety for
staff

Airborne particles quickly captured due
to high air-change rates. Short airborne
particle clearance times (vs. sputum
induction room)

Can be moved to accommodate room
function changes

Tents can be folded for compact
storage

Tents are more portable than booths

Cost is higher than partial enclosures

Requires routine maintenance such as
changing the HEPA filter and pre-filter

Tents require some assembly prior to use

Booths are not as portable as partial hoods

Partial Enclosures

Partial hood is enclosed on all
sides except side where
patient sits

Provides a high degree of safety for
staff

Commercially available devices are
equipped with HEPA filters (do not
require special exhaust systems)

Cost is relatively low compared to
complete enclosures

Portable, small enough to be used at
patient’s bedside, and easy to store

Does not provide complete physical
separation between patient and staff

Requires more supervision of patient than
complete enclosures to ensure proper
placement of patient

Air velocity (minimum 200 feet per minute) at
the side of patient’s head must be verified
monthly

Requires routine maintenance such as
changing the HEPA filter and pre-filter

Noise of operating unit may be annoying
to patient

Sputum Induction
Rooms

Room meeting all
recommendations (see
“Sputum Induction Rooms”
on page 79) and/or
requirements for AllRs

Provides complete separation between
staff and patients

If an AlIR is available, sputum induction
can be done in this room with no addi-
tional ventilation equipment

Separate designated room required

If an AlIR is not available, these rooms
require installation of dedicated exhaust
systems or HEPA filtration systems prior to
recirculation of air (local codes should be
checked for requirements)

Airborne particle clearance times will be high
due to lower ACH rates (vs. booths and
tents)

Room ventilation system must be monitored
to ensure proper operation

Operation can be affected by general
building ventilation systems

Most expensive option if an existing AlIR is
not available
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Alrborne Infection
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A properly designed and operating AlIR can be an effective infection control measure.
Infectious airborne particles are contained within the room, and the concentration of
these particles inside the room is reduced.

However, a badly designed and/or incorrectly operating AlIR can place HCWs and
other patients at risk for TB infection and disease. In this situation, infectious particles
may not be contained in the room, and/or their concentration inside the room may
not be effectively reduced. Staff members who rely on such an AlIR may have a false
sense of security.

The mechanical elements that make an AlIR effective will deteriorate over time, which
may make the controls ineffective. For example, fans can break and ducts can be-
come clogged with dust and lint. People who have not been trained in environmental
controls may inadvertently adjust or alter the controls. An AlIR that was successfully
tested after construction may not be operating correctly a month later. Hence, peri-
odic and ongoing assessment of AllRs is important.

This manual provides basic information about assessing and improving the design
and operation of an AllR. It also includes options to convert an existing patient room
into an AlIR and information on guidelines and regulations covering AlIR environmen-
tal controls.

TB control in high-risk settings is commonly organized in a hierarchy: administrative (or
work practice) controls are the most important, followed by environmental controls, and
then respiratory protection. Although this section only addresses environmental controls,
all three components should be in place for an effective TB control program.

Whenever an AlIR is used, written policies and procedures should be developed and im-
plemented to address the administrative aspects of the AlIR. They should include:

e criteria for initiating and discontinuing isolation

e who has authority for initiating anddiscontinuing isolation

e isolation practices

e how often and by whom the policy and procedure is evaluated

e developing and implementing a written respiratory protection program is also
required.
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Designing a New State-of-the-Art AlIR

This section describes the requirements and guidelines to be considered when designing
a new AlIR, either during new construction or during renovation.

Planning Stage

During the planning stages of a new construction or a remodel project, users often meet
with architects to discuss various design elements. This enables the users to provide in-
put to the design team. These discussions usually concentrate on the physical layout of
the space. The mechanical elements are often left to the mechanical engineer's discretion.

Infection control coordinators and other appropriate managers should be included in this
process. The infection control aspects of the mechanical system should be addressed so
that the people relying on the controls understand this system.

Architects and mechanical engineers may not be aware of some infection control require-
ments. While engineers must comply with building codes to get approval for construction
and occupancy, they may not be aware of CDC recommendations, or of federal or local
OSHA requirements. However, architects and engineers should be familiar and comply with
the most current AIA Guidelines for Design and Construction of Hospital and Health Care
Facilities and ANSI/ASHRAE Standard for Ventilation for Acceptable Indoor Air Quality.

The mechanical design elements of a new hospital AlIR should, at a minimum, meet all
local code requirements, as well as OSHA requirements, CDC recommendations, AlA
Guidelines, and ANSI/ASHRAE Standards.

Architectural Considerations

Architecturally, an AllR should meet all the detailed requirements for a single-patient room,
including a dedicated adjacent bathroom.

Architectural design elements should also meet local code requirements. For example,
California requirements include:

e Code minimum clearance around the bed

e Code minimum room area

e \Windows operable only by use of tools or keys

To increase the effectiveness of negative pressure, the architectural elements should en-
sure that the AlIR suite is sealed, except for a half-inch high air gap under the door. To-
wards this end, the ceiling should be plaster/sheet rock rather than removable ceiling tiles,
and lights should be surface-mounted. Gasketing should be provided at the sides and top
of the door, and at ceiling and wall penetrations such as those around medical and electri-
cal outlets.

The location of the proposed AlIR should also be considered: areas prone to strong
drafts, such as those near elevator banks or doorways, should be avoided if possible.

AlIR doors should be equipped with self-closing devices.

AIRBORNE INFECTION ISOLATION ROOMS
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Determining the Correct Ventilation Rate

When designing the heating, ventilating, and air-conditioning (HVAC) elements of a build-
ing, the amount of air supplied to each room is usually selected on the basis of comfort
concerns. Unless there are governing code requirements, the engineer will provide venti-
lation air as required to keep the space comfortable. This air quantity is usually less than
the amount required for effective dilution and removal of infectious particles.

For many spaces in healthcare facilities, such as AllRs, infection control concerns may be
more important than comfort concerns. Engineers should increase the airflow rate ac-
cordingly. A straightforward way to increase the effectiveness of ventilation is to increase
the amount of air moving through a space—in other words, to increase the ventilation rate.

A room’s ventilation rate can be calculated if it has mechanical ventilation. The ventilation
rate is usually expressed in air changes per hour (ACH). By calculating the ACH, the room
ventilation rate can be compared to published standards, codes, and recommendations.
It can also be used to estimate the length of time required to remove infectious particles.

One air change occurs in a room when a volume of air equal to the volume of the room is
supplied and/or exhausted. The air change rate in ACH is the volume of air circulating
every hour divided by the room volume. Appendix K (page 156) describes air change rates
in more detail and demonstrates how to calculate the air change rate of a room that has
mechanical ventilation and/or a HEPA filter unit.

It is recommended that AlIRs have an exhaust air ventilation rate of at least 12 ACH. This
recommendation is consistent with the CDC Guidelines and meets all local requirements
known to CITC.

The ACH is the airflow per hour divided by room volume (see Appendix K). For AllRs, the
exhaust airflow should be calculated, rather than supply airflow. The ACH of the dedi-
cated bathroom or anteroom, when present, should be calculated separately from that of
the AlIR itself. In other words, only include exhaust air that is exhausted in the AlIR.

Variable Air Volume (VAV) Systems

Many mechanical systems do not provide a constant airflow rate. These are called vari-
able air volume (VAV) systems. They are designed to continually vary the amount of cool-
ing or heating air delivered to a room in response to the amount of cooling or heating re-
quired. Supply air varies between a fixed minimum and a fixed maximum using a VAV box
installed in the ductwork. VAV systems are generally not found in hospitals, but are com-
mon in buildings that may include clinics.

The volume of air supplied to an AlIR should not vary. Therefore, if an AlIR is to be in-
cluded in a building served by a VAV system, the box supplying air to the AlIR should be
set to deliver constant airflow. The mechanical engineer will need to address comfort
control of this room separately.
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Locating Supply and Exhaust Ductwork
and Outlets

The supply and exhaust location should be chosen to maximize air mixing and to optimize
directional airflow from the staff member towards the patient. Exhaust should be removed
near the possible contamination source.

The best arrangement is to supply air at the ceiling above the foot of the bed, and to ex-
haust air on the wall near the floor at the head of the bed (where the patient’s head is
likely to be).

The supply diffuser should be the louvered blade type, rather than the perforated face
type. The diffuser neck size and blow pattern should be selected so that air is directed to
all parts of the room. Locate the diffuser where the airflow is not obstructed by items such
as surface-mounted light fixtures or a suspended television set.

The bottom of the exhaust grille should be located approximately 6 inches above the floor.
Because the grille does not direct air, its face pattern is not as important as that of the
diffuser. The vertical exhaust duct should be installed in the AlIR wall. An enlarged wall
cavity will be required and should be coordinated with the architect. To reduce noise,
dampers should be located at a point in the duct far from the outlet. The area in front of
the exhaust grille should be kept clear of obstructions, such as furniture and supply carts.

The individual air ducts providing supply and exhaust air for the AlIR suite should have
control dampers to adjust the airflow quantity. These dampers are usually manually oper-
ated, but may be automatic. To ensure access, the handles for the dampers should not
be above the AlIR ceiling. They should be either accessible from above the corridor ceil-
ing, or remote, tamper-proof handles should be provided in the ceiling or wall of the AlIR.

Maintaining Negative Pressure

As described previously (on page 26), negative pressure is achieved when exhaust air
exceeds supply air and the room is well sealed except for a gap under the door.

The CDC Guidelines recommend a negative pressure differential of at least 0.01 inches of
water gauge (" W.G.).

In practice, an offset this small can be inadequate. Negative pressure may not be consis-
tently maintained if there are other external factors, such as fluctuating air currents caused
by elevators, doors, or windows to the outside.

Because smoke may migrate into a room during a fire, building code officials are con-
cerned with the amount of air drawn into a room under the door from a corridor. The
amount of exhaust air offset from the corridor will need to comply with local codes, which
may limit the maximum allowable offset. If the AlIR is equipped with an anteroom, this is-
sue will not be as important.

CITC recommends that the negative pressure differential across the AlIR door be ap-
proximately 0.03" W.G. In practice, this may require that the airflow offset be adjusted to
more than 100 CFM after the room is built, but before it is occupied. Engineers should
allow for this possibility in their designs.

AIRBORNE INFECTION ISOLATION ROOMS
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AlIR with Dedicated Bathroom

Some AlIRs have a dedicated bathroom that is part of the AlIR suite and only for use by
the isolated patient. Such AllRs are more likely to be found in hospitals than in clinics. The
advantage of the bathroom is that the patient will not have to open and close the door as
often to leave the suite.

To contain odors, the AlIR bathroom should be at negative pressure with respect to the
AlIR, where applicable. The bathroom ventilation should comply with local requirements.
For example the California Mechanical Code (CMC) mandates an air change rate of 10
ACH, negative pressure, and direct exhaust to the outdoors for bathrooms. In general, an
offset of 50 CFM is sufficient between the bathroom and the AlIR.

Both the AlIR and the combined AllIR and bathroom should be at negative pressure. In
other words, not only must the total exhaust for the AlIR plus bathroom exceed the total
supply for AlIR plus bathroom, but the AlIR exhaust should also exceed the AlIR supply.
This is illustrated in the “Case Study: Dedicated Bathroom” on page 107.

Handling AlIR Exhaust

Exhaust air removed from AllRs is likely to contain infectious particles. Consequently, this
air should be discharged directly outside the building, where the particles can be diluted
by outdoor air and killed by sunlight.

While not included as a minimum recommendation by the CDC Guidelines, the optimum
type of exhaust system should serve only AlIR suites, i.e., a dedicated exhaust system.
Where applicable, this exhaust system should also serve the dedicated AlIR bathroom
and anteroom.

Over time, dust and lint can collect at exhaust grilles and in exhaust ducts. Also, seals at
duct joints break down and leak. These two effects result in diminished exhaust airflow
from the AlIR. To compensate, exhaust ducts should be oversized. AlIR exhaust ducts
and fan systems should be sized for the expected airflow plus an extra 50%.

Labeling

Maintenance personnel and contractors often re-route ducts to accommodate new ser-
vices. To help protect these workers from potentially contaminated AlIR exhaust, the ex-
haust ductwork should be permanently labeled. The label should read, “Caution—AlIR
Exhaust,” or similar words to that effect. The labels should be attached, at most, 20 feet
apart, and at all floor and wall penetrations.

Maintenance workers may also shut down the exhaust fan without realizing this will cause
a loss of negative pressure. To avoid this possibility, a permanent warning sign should be
posted on the fan at the electrical disconnect and at appropriate electrical panel breakers.
The sign should read, “AllR Exhaust Fan— Contact Infection Control Coordinator Before
Turning Off Fan,” or have similar wording. The sign should also include the telephone
number of the infection control coordinator and the room number(s) of the AlIR(s) ex-
hausted by the fan.

Exhaust Discharge

The exhaust fan discharge should be located and designed to minimize the possibility that
this air is inhaled by people who are outdoors or inside the building. Exhaust air should be
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directed away from occupied areas (i.e., walkways) or openings into the building (i.e.,
windows or outside air intakes).

To promote dilution, the fan discharge should be directed vertically upward at a speed of
at least 2,000 FPM. The discharge location should be at least 25 feet away from public
areas or openings into a building.

If a suitable discharge location is unavailable, then the exhaust can be disinfected using a
HEPA filter (see page 42). In this case, a HEPA filter must be installed in the discharge duct
upstream of the exhaust fan. This is not a desirable option, however, because it will be
considerably more expensive to install, maintain, and operate than a simple exhaust fan
assembly.

Installing a Permanent Room Pressure Monitor

After a new AlIR is constructed and before it is occupied, the mechanical contractor will
adjust the airflow quantities as directed by the engineer to ensure that it operates as de-
signed. However, mechanical systems do drift out of balance over time. It is important to
regularly check that an AlIR is still operating under negative pressure; planning for this
should be included in the initial mechanical design of the room. Room pressure monitors
should be used as a supplement to daily visual checks when the room is in use.

The most reliable way to monitor negative pressure is to install a permanent electronic
room pressure monitor as part of the construction project.

When properly selected and installed, a room pressure monitor can provide continuous
qualitative and quantitative confirmation of negative pressure across a room boundary.
This is in contrast to routine periodic smoke testing, which merely provides an indication
of directional airflow at the moment of testing.

Continuous monitoring can provide instant notification if the pressurization fails or fluctu-
ates during the day.

Most monitors consist of two main components: a wall-mounted panel and a sensor. The
panel is usually mounted on the corridor wall just outside the AlIR suite and displays the
pressure difference in units of * water gauge.

There are two common types of permanent pressure monitors: those that measure and
display the actual air pressure difference between the AlIR and the reference space (direct
type); and those that measure the velocity of air moving between the two spaces through
a fixed opening and convert this to a pressure value (indirect). Both types require an elec-
trical power connection at the wall panel. Either type is suitable for an AlIR, but indirect
monitors generally provide a more accurate pressure reading.

Pressure differentials across room boundaries can be very small, often in the range of
thousandths of an inch. For example, the CDC Guidelines recommend that negative pres-
sure be at least =0.01" of water gauge. Some devices that measure differential pressure
are not accurate to this level. Before specifying or purchasing a room pressure monitor,
make sure that the device is capable of accurately and reliably measuring a pressure dif-
ference this small.
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Direct Room Pressure Monitor

To record a pressure differential directly, two readings are required: the air pressure in the
room and the reference pressure in the corridor. A remote sensor to measure the room
pressure is installed in the negative pressure room wall or ceiling. Another sensor mea-
sures the air pressure in the corridor. The difference in these two pressure values is the
relative room pressurization, which is displayed on the panel.

If there is an anteroom between the AlIR and the corridor, the pressure differential to be
measured is the one between the AlIR and the anteroom. In this case, both measurement
points are remote from the corridor panel. If there is no anteroom, the reference pressure
can be measured right at the panel, and only one remote reading is required.

The location of the remote sensors will affect the accuracy of the measurement. They
should be installed as close as possible to the AlIR door, but away from drafts.

Tubing will need to be run from the panel to the sensor(s). For new construction, this tub-
ing will typically be run out of sight inside wall cavities and above the ceiling. Air tubing is
usually rigid plastic, but can be made of copper.

Indirect Room Pressure Monitor

The sensing component of a velocity-reading room pressure monitor consists of an air
tube with an interior velocity-sensing element. The tube is installed in the wall between the
AlIR and the anteroom or corridor. An electrical device measures the air velocity and direc-
tion. This signal is run back to the wall panel, where it is converted to a pressure readout.

Again, care should be taken when installing the sensor. It should be located above or next
to the door, but away from the influence of drafts. To help shield the sensors, louvered
cover plates are usually provided on both sides of the wall.

The signal between the sensor and the wall panel is a low voltage electrical signal instead
of the air tubing used in direct pressure monitors.

Alarm(s) and Controls

In addition to providing a continuous readout of the pressure difference, the wall panel
should include an audible and visual alarm to warn staff when pressurization is lost.

The alarm will sound when the measured room pressurization drifts to less than the mon-
itor’s reference pressure value. Reference pressure valves are programmed into the unit
by an engineer or trained staff member. It will be a value between the steady state pres-
sure differential maintained by the room and zero (neutral pressure).

For example, in a room with a steady state pressure differential of minus 0.03" W.G., the
alarm could be programmed to activate when the pressure differential falls to minus 0.001"
W.G.. Minus 0.001" W.G. is the reference pressure value.

The wall panel should also allow staff to program a built-in time delay between loss of pres-
surization and alarm activation. The time delay will allow staff a sufficient interval to routinely
enter and leave the room without setting off the alarm. A typical time delay is 45 seconds.

The audible alarm is usually a beeping sound, which will stop when negative pressure is
restored or when a “mute” button on the panel is pressed.

The visual alarm usually consists of a red warning light. Most wall panels also have a green
“normal” or “safe” light, which indicates that the monitor is operating and negative pres-
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sure is within programmed parameters. Unlike the audible alarm, the visual alarm will not
reset when the “mute” button is pressed. After negative pressure is restored, the lights will
either automatically reset or the “reset” button must be pressed, depending on the brand
of the monitor. In case no one was present, the latter option will indicate that negative
pressure was temporarily lost.

Remote Alarm

In addition to the alarm included on the wall panel, most room pressure monitors include
an extra identical signal that allows a “safe” or “alarm” signal to be sent from the wall
panel to a remote location. Common locations for this remote alarm are the nurses’ sta-
tion, the engineering department, and the central switchboard.

It is usually possible to connect the alarm signals from a number of AlIR monitors to a
remote alarm panel. In California, for example, the hospital building codes require that
AlIRs be equipped with an alarm that annunciates at the room and at a nurses’ station or
other suitable location.

Other Optional Features

There are a number of room pressure monitors available with additional options. Exam-
ples of such options include: an amber “warning” light that illuminates during the time
delay when negative pressure is lost; adjustment for use in positive pressure rooms; and
remote control of a fan or damper to maintain and control negative pressure.

Commissioning and Staff Training

The monitor installer’s responsibilities should include verifying the operation of the sensor.
A detailed checklist is included as Appendix C on page 145. The following should be com-
pleted before the room is used to isolate suspected or confirmed infectious TB patients:

1. Verify that the alarm works. Hold the room door open. After the time delay, the
audible and visual alarm should annunciate. The alarm should reset after the “mute”
or “reset” button is pressed and/or the door is closed again.

2. Verify that the monitor is correctly reading the pressure. While the door is held
open, the pressure reading should be at or near 0" water gauge.

3. Instruct staff on monitor usage. The floor staff that depend on the monitor for
their safety should feel comfortable using it. They should receive detailed instruc-
tions on how the monitor works and how it is used.

The checklist should be completed for each AlIR monitor in the facility. A copy of the
completed steps in the checklist should be kept in the Policies and Procedures binder for
that department.

Ongoing Monitor Checks

To validate the continuous pressure monitor, negative pressure should be verified month-
ly with smoke tube or similar testing (see page 81). Daily verification is required when the
room is in use or if there are no alarms on the pressure monitor. The results should be
recorded. Space for this is included in the checklist.

Most manufacturers recommend that each monitor be recalibrated annually. The recali-
bration procedure will depend on the monitor type and should be available from the man-
ufacturer. CITC recommends that the step in the new monitor checklist be completed at
the same time.
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FIGURE 10.
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An anteroom should be at positive pressure with respect to the AlIR, and at
either neutral or negative pressure with respect to the corridor. Because
smoke may migrate from the corridor if there is a fire, some codes and regu-

L lations mandate that the anteroom be neutral to the corridor, rather than
negative. However, in practice this is very difficult to accomplish. It is not

CORRIDOR

easy to balance airflow to a space so that it will be positive at one door and

neutral at the other. Furthermore, air pressure in the corridor will vary due to
external factors such as elevators and corridor doors to the outside.

Local codes should be consulted regarding other design elements of anterooms for AlIRs.
For example, California requirements include:

e Provision of a sink, cabinets, and work counter
e Provision of a view window in the door to the AlIR

e Alignment of door to corridor with door to AllR, or provision of a second locked and
gasketed entry for gurney

e Maximum of two AlIRs per anteroom.

Assessing an Existing AlIR

This section covers the steps that should be taken to evaluate the effectiveness of an
existing AllR.

Failed environmental controls in AlIRs have been identified as factors in documented hos-
pital TB outbreaks. Regularly scheduled assessment of environmental controls will iden-
tify and may help prevent such failures.

[tems that should be checked include the exhaust and supply airflow rate, negative pres-
sure, and exhaust duct termination location.

Ventilation

To determine the ACH of a space, you will need to measure the airflow and calculate the
room volume. See Appendix K on page 156.

The airflow measurements and calculations should be performed by a certified testing
and balancing agency or by in-house engineering staff.

Airflow Measurement

The airflow of a room is usually measured at the individual registers and diffusers using
a balometer. This is a device that consists of a hood, a velocity sensor, and a micropro-
Cessor.
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The hood is placed over a register or diffuser and should completely cover the air outlet.
The top of the hood should have a foam gasket that establishes a good seal between the
hood and the ceiling or wall around the outlet.

The hood directs all air entering or leaving the outlet past a velocity-sensing grid. The area
of the grid is fixed. Therefore, the microprocessor can calculate and display the quantity
of air being exhausted or supplied by the air outlet. Balometers usually provide an airflow
reading in cubic feet of air per minute (CFM).

The standard size of a balometer hood outlet is 24" X 24", although adapters are provided
to adjust the hood size. This size hood can be used to measure the airflow of any outlet
equal to or smaller than this (e.g., 12" X 24" or 18" X 18" diffuser). For other size outlets,
such as a 36" X 6" slot diffuser, the hood size on the balometer may need to be changed.

There may not be sufficient space in front of some outlets to place the balometer. In this
case, the airflow should be measured by a pitot traverse in the duct that serves the outlet.

A pitot traverse is a specialized measurement that requires access above the ceiling. Air
velocity is measured at a number of sample locations inside the duct. Airflow is calculated
based on these velocity readings and the area of the duct cross-section. However, pitot
traverses are not as accurate as balometers.

If a dedicated exhaust fan serves the AlIR suite, it may be possible to estimate the airflow
at the room by measuring the airflow at this fan. Because of duct leakage, this measure-
ment will not be as accurate as one taken at or near the outlet. Inadequately sealed duct
joints can result in extra air being sucked into the duct between the AllR exhaust grille and
the fan, which would result in an overestimate of airflow in the room. To compensate for
this, an allowance of at least 10% should be made. This allowance should be increased
in the case of a long duct run.

If room airflow is found to be inadequate, i.e., less than 12 ACH, it should be increased.
For information on modifying existing room airflow, see “Upgrading or Converting an Ex-
isting Room” on page 101.

Air Mixing and Directional Airflow

After establishing the airflow, the next step is to evaluate how effectively this air is used in
the AlIR. This assessment is not as straightforward as calculating the airflow rate because
there is no clearly defined numerical standard to meet.

Smoke testing can be used to visualize the direction of room air and to estimate how well
air is mixing. Consequently, ventilation problems can be identified, such as undesirable
directional airflow patterns and poor mixing.

Ideally, the clean supply air will be introduced near a HCW, while exhaust air will be re-
moved near the patient. Good air mixing is confirmed by rapid dissipation of the test
smoke in all parts of the room, which demonstrates that particles generated in the room
are being diluted and removed.

If air mixing is not optimal due to short-circuiting or stagnation, the diffuser and/or register
should be relocated or replaced. Either of these options will require the services of a con-
sultant mechanical engineer. In the interim, a supplemental propeller-type fan can be
placed in the AlIR to encourage air mixing. Such a fan is not recommended as a long-term
solution because it may create uncomfortable drafts and be turned off by the patient.
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Exhaust Ductwork and Discharge

The engineering department staff at the facility should trace the path taken by the exhaust
air duct after it leaves the AlIR. If applicable, they should also check the exhaust duct
serving the bathroom and anteroom. For the record, a set of drawings should be gener-
ated (or an existing design set marked) to show the ductwork and fan.

The exhaust ductwork and fan should also be checked for optimum performance. Condi-
tions that should be corrected include: excess air leakage at duct joints, damaged duct-
work, incorrectly adjusted dampers, and fans in need of servicing.

Recirculating Air Systems

If air from an AlIR is returned to a recirculating ventilation system that does not include
HEPA filtration, this room should no longer be used for isolation. Staff and patients in rooms
served by this system may be exposed to M. tuberculosis from patients in isolation.

The risk of exposure from a recirculating mechanical system is affected by dilution of the
return air with outside air and by the filter in the mechanical system. The risk is reduced
as the percentage of outside air is increased and the efficiency of the filter is increased.

Filtration in hospital ventilation systems is usually better than in clinics because hospitals
are typically covered by stricter building codes and have larger facilities and maintenance
budgets.

Dedicated or Shared Exhaust System

The CDC Guidelines do not address the issue of dedicated exhaust air systems serving
AlIRs. However, in some jurisdictions this is mandated by the building code for new or
renovated rooms. Because most building codes are not retroactive, it is usually accept-
able for an existing AllIR to combine the exhaust air with other exhaust systems, such as
those serving bathrooms.

Duct and Fan Labeling

If the existing exhaust system is dedicated, make sure that the ductwork is labeled as
recommended for a new AlIR (“Caution—AlIR Exhaust”). For a shared system, only the
ductwork between the AlIR and the main exhaust trunk needs to be labeled.

The exhaust fan, whether dedicated or shared, should have a warning label as recom-
mended for a new system (“AllIR Exhaust Fan—Contact Infection Control Coordinator
Before Turning Off Fan”).

See “Handling AlIR Exhaust” on page 92, for additional information on labeling of exhaust
ductwork and fans.
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Verifying Negative Pressure

Negative pressure is the easiest characteristic of an AlIR to check. Several methods are
available to qualitatively assess negative air pressure, including smoke tube testing and
tissue testing.

If the AlIR is operating as intended, there will be an air current moving into the room under
the door. The existence and direction of this current should be verified.

Smoke Tube Test

Smoke tube testing helps visualize the current near a room door. In this simple procedure,
smoke is released near the air gap under an AlIR door. See “Smoke Tube Testing Method
for AlIRs” on page 106 for more detailed instructions.

Commercially available smoke-generating kits produce a visible cloud, which usually con-
sists of water and acid. The quantity of smoke typically issued from the tube is minimal
and is undetectable at short distances from the tube. Because inhalation of this smoke in
concentrated form can cause irritation, care should be taken not to expose workers or
patients until the smoke has been diluted. The amount of smoke used should not be ex-
cessive.

There are many different types of easy-to-use smoke-generating kits available from safety
supply companies. A typical design is the disposable self-contained puff bottle. Another
common design is the disposable smoke tube, which attaches to a rubber bulb that acts
like a bellows.

If commercial smoke-generating devices are not available, incense sticks can be used.
CITC recommends that two sticks be used side-by-side. However, incense smoke does
have a strong odor, and is not as visible or controllable as commercial smoke.

Tissue Test

If smoke-generating devices are not available, or if the room is occupied by a
patient who may be vulnerable to the irritant properties of smoke, a thin strip
of tissue can be used to determine whether a room is at negative, neutral, or
positive pressure. A thin strip of tissue should be held parallel to the gap be- _
tween the floor and bottom of the door. The direction of the tissue‘s movement
will indicate the direction of air movement. g IS

FIGURE 11.

Manometer

Manometer

Relative room pressurization can also be verified using a handheld pressure
gauge or manometer, which is similar to a direct room pressure monitor,
except it is portable. A length of rubber tubing is attached to each of the two
ports on the manometer. The manometer displays " W.G., the pressure differ-
ence between the two spaces at the termination of the tubes. If one of the
tubes is threaded under the door into the AlIR and the other is in the hallway,
the manometer will indicate the pressure difference between the two spaces.
A negative symbol verifies that the room is at negative pressure.
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Velometer

Air speed is measured by a velometer, usually in units of feet per minute (FPM). These
devices can be placed near the gap under the AlIR door to measure the speed of the
airstream. Velometers are available in a number of different configurations. Many only in-
dicate air speed regardless of air direction. For instance, some velometers indicate how
fast the air is moving, but not whether the air is entering or leaving the room. However,
there are models available that can also be used to determine airflow direction.

Repeat Test

All of these tests to verify negative pressure should be conducted at least three times
until the results are consistent.

Validate Existing Monitor

If the existing room is equipped with a permanent room pressure monitor, one of the
above tests should be performed to confirm negative pressure and to validate the moni-
tor. Also, the AlIR Pressure Monitor Checklist (Appendix C on page 145) should be com-
pleted for the monitor.

Measuring Negative Pressure

After negative pressure has been verified, it should be measured. Table 10 summarizes
three ways to quantify negative pressure. The corresponding units of measurement and
the measuring device for each method are also shown.

TABLE 10.

How to Quantify Negative Pressure

‘ PARAMETER UNITS OF MEASUREMENT MEASURING DEVICE ‘

pressure difference inches of water gauge (" W.G.) manometer
speed of air under the door feet per minute (FPM) velometer
exhaust air offset cubic feet per minute (CFM) balometer
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Upgrading or Converting an
Existing Room

This section covers methods of improving the ventilation characteristics of an existing
room to make it more effective for All.

Previous sections have outlined recommendations for a new state-of-the-art AlIR and have
shown how to assess an existing room to see how it compares with these recommenda-
tions. This section describes how to correct deficiencies found during the assessment.

The methods outlined below could also be used to convert an existing patient room into
an AllR.

Disconnect Recirculating Air System

The first step is to ensure that air from the room is not inadequately filtered and re-
circulated to other areas. The air removed from the room must either be exhausted
outdoors to a safe location or HEPA-filtered. If room exhaust is currently connected
to a recirculating air system that does not include a HEPA filter, it should be discon-
nected from this system.

Install HEPA Filter in Existing Return Air System

Theoretically, another safe option for correcting a recirculating system is to replace
the existing filter with a HEPA filter. However, CITC does not recommend this. A
HEPA filter is a specialized piece of equipment that should only be used in a ventila-
tion system specifically designed to accommodate it. HEPA filters are physically
larger than most filters and require larger fans to overcome increased resistance to
airflow.

Two Upgrade/Conversion Options

There are two basic approaches to upgrading or creating an AlIR. The preferred op-
tion is to adjust the building ventilation system to create a permanent AllR. A tem-
porary solution is to add a recirculating HEPA filter unit to supplement, or even re-
place, the building ventilation system.

Regardless of the upgrade option selected, steps must be taken to reduce un-
wanted air leakage from the room, i.e., the room must be sealed.

Negative Pressure

As explained previously, the negative pressure value will depend on two factors:
how much more air is exhausted than supplied (i.e., the offset); and how well the
room is sealed. In general, when converting or upgrading a room, the negative pres-
sure value will not be as high as that attainable for new construction because there
is less control over the architectural elements.

CITC recommends that the negative pressure value should be at least minus 0.006"
W.G. for upgraded or converted AllRs.

This is more stringent than the CDC Guidelines, which recommend = 0.01" of water
gauge as a minimum negative pressure value.
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Sealing the Room

A room in which exhaust exceeds supply will not necessarily be at negative pressure with
respect to the corridor; it is not unusual to have such a room at positive pressure.

For example, a room could have exhaust air from the central system exceeding supply by
100 CFM. Assume this room has leaky windows and some holes in the ceiling tiles. If it is
windy outdoors, 75 CFM could enter through the leaks around the windows, and another
75 CFM could enter through the ceiling. Now the air being introduced to the room ex-
ceeds exhaust by 50 CFM. Smoke testing at the door would probably indicate positive
pressurization.

When upgrading an existing AlIR or converting an existing room to operate at negative
pressure, it is important to make the best use of the excess exhaust by sealing the room
as tightly as possible. For a given exhaust air offset, the better the room is sealed, the
greater the amount of air that will flow into the room under the door and the greater the
negative pressure.

The following are some examples of steps that can be taken to improve a room'’s air-
tightness:

* Apply gasketing at sides and top of room door

e Caulk around windowpanes and around window frames

* Apply gasketing at the connection of the ceiling and the walls

*  Apply gasketing around electrical boxes

* Replace acoustic ceiling tiles with non-porous vinyl tiles and apply gasketing at tile
connection to ceiling grid

* Replace recessed light fixtures with surface-mounted fixtures

Adjusting the Ventilation System

If the room is not currently connected to an exhaust system, it should be either connected
to an existing exhaust system or a new system should be installed. Consult with the build-
ing facilities department staff, which will probably hire a mechanical engineering consul-
tant to design this work and oversee the construction.

Connect to Existing Exhaust System or Add New One

If there is an accessible exhaust air system nearby, such as a toilet exhaust system, with
sufficient capacity, it may be possible to make a new exhaust connection to the existing
return register. Otherwise, a new exhaust air fan and ductwork system should be
installed.

New exhaust ducts, and new or existing exhaust fans serving AllRs, should have the
same warning labels used for new AllRs.

Rebalance Existing Mechanical System

To increase room airflow and/or create, or increase, negative pressure, the existing venti-
lation system needs to be adjusted to exhaust more air. The supply air quantity may also
need to be increased. Airflow is varied using dampers.
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Adjust Dampers

Dampers are devices that control the flow of air in ducts, similar to the way valves control
the flow of fluids in pipes. Dampers, usually located above the ceiling, should only be
adjusted by a facility engineer or certified air balance contractor. To increase airflow, the
dampers in the ducts serving the room should be opened wider. It usually takes an air
balancer two or three adjustments to obtain the desired airflow.

The exhaust airflow rate should be at least 12 ACH. For existing rooms, this recommen-
dation is more restrictive than the CDC Guidelines, which accept an air change rate of 6
ACH. However, 6 ACH will not satisfy some local regulatory agencies, including Cal/OSHA
and the Office of Statewide Health Planning and Development (OSHPD) in California.
Twelve (12) ACH, which meets all local requirements known to CITC, is readily achievable
using HEPA filter units.

The supply should be approximately 100 CFM less than exhaust. Depending on how well
the room is sealed, more air may need to be exhausted in order to achieve a larger pres-
sure differential.

Most rooms do not have a dedicated ventilation system. They are connected to a fan
system that serves other rooms in the building. Before and after adjusting the AlIR airflow,
the air balancer should measure the airflow in some of these other spaces to make sure
that the AlIR adjustments do not have an adverse effect on ventilation elsewhere.

Adding a Recirculating HEPA Filter Unit

It may not be possible or practical to connect to an existing exhaust air system, or to in-
stall a new one. It is possible to create a temporary and less expensive AlIR. This can be
done using a recirculating HEPA filter unit. There are two basic ways to use these units in
AlIRs. They can be used to increase only the ventilation rate of a room without affecting
room pressurization. Or they can be used to simultaneously:

e |ncrease the ventilation rate,
e Create or increase negative pressure, and

e Replace the need for additional exhaust.

HEPA Filter Units

HEPA filter units are readily available electrical devices that consist primarily of a fan, a
HEPA filter, and a prefilter. They also include controls, such as a three-speed switch, and
possibly an indicator light to indicate when the filter needs to be changed.

HEPA filter units are available in a number of different physical configurations, including
wall- and ceiling-mounted types. The most popular configuration is the floor-standing,
portable type.

Wall- or ceiling-mounted units are less obtrusive and do not take up floor space. They are
also less likely to be tampered with by staff and patients. However, floor-mounted units
are more portable and are easier to service. Regulatory bodies, such as OSHPD in Cali-
fornia, may require that a structural engineer oversee the design and construction of the
support system for a wall-mounted or ceiling-mounted HEPA filter unit.
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Increase Ventilation Rate

If negative pressure in the AlIR is satisfactory, but the ventilation rate is low, a HEPA filter
can be used to supplement the room airflow rate. The effective ventilation rate of the room
is the sum of the central system airflow and the HEPA filter unit airflow.

Sizing HEPA Filter Units

The size of the unit selected should be based on the additional airflow (in CFM) required
to achieve the desired ACH in your room. To determine the additional airflow:

e Measure the actual CFM exhausted from the room, and

e (Calculate the CFM required to achieve the desired ACH. The HEPA filter unit should
be sized to make up the difference.

Most HEPA filter units allow staff to adjust the amount of air delivered by means of a switch.
Common examples of switches include those with three fixed settings and those that allow
any setting between the maximum and minimum. Manufacturers® catalogs generally list a
CFM delivered by the unit at each of the three speeds, or at the high and low setting.

In practice, people usually turn down the HEPA filter unit switch and operate the units at
or near the low setting. This is because the units can be very noisy and/or drafty when the
fan is at, or near, full speed.

CITC recommends that HEPA filter units be selected based on the airflow at or near the
low speed.

These units may deliver less than the manufacturers’ listed airflow, and output of the units
may decrease as the filters load up. To compensate for this, it is recommended that the
unit selected have a listed capacity that is 25% more than required. The marginal cost of
selecting a unit with more capacity is usually not significant, compared to the initial cost
of the unit.

To summarize, it is recommended that a unit is selected that can deliver 25% more CFM
than required at or near the low speed fan setting.

For example, if 150 CFM is measured, and 220 CFM is required to achieve 12 ACH, then
the required additional airflow is 70 CFM. If a HEPA filter unit is used to increase airflow,
then 25% should be added to 70 CFM for a total of approximately 90 CFM. Therefore, a
unit with a listed capacity of at least 90 CFM at or near the low fan speed setting should
be selected.

Increase Ventilation Rate and Create or Increase Negative Pressure

If a sufficient portion of the discharge from a HEPA filter unit is ducted somewhere outside
of the room, then the HEPA filter unit can create negative pressure and replace the need
for any extra exhaust.

A HEPA filter unit supplements ventilation as follows:

e The effective exhaust air quantity is increased by an amount equal to the airflow of
the HEPA filter unit (because this air is now being removed and droplet nuclei are
removed by the filter)

e The effective supply is increased by an amount equal to the returned air quantity
(HEPA unit airflow minus the amount discharged outside the room)

e The effective negative pressure offset is increased by an amount equal to the HEPA
unit airflow discharged outside the room.
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Theoretically, the technique described above could also be used to create negative pres-
sure in a room that had no ventilation system. However, this is not recommended be-
cause the room would then have no outside air at all, only recirculated, HEPA-filtered air.
Building codes mandate that fresh outdoor air be supplied to all occupied spaces that do
not have an operable window.

Monitoring the Environmental Controls

Once the AlIR upgrade has been completed, procedures to monitor the environmental
controls must be implemented. This is essential to ensure that staff will be alerted if the
controls fail.

The two items that need to be monitored are the airflow rates and the room pressurization.

Airflow Rate Monitoring

The airflow rates are monitored by measuring with a balometer to ensure that the rates
have not deviated more than about 5% from the initial values.

Airflow rates should be measured and air change rates calculated at least once a year.

Room Pressurization Monitoring
Room pressurization should be continuously monitored to ensure that the room remains

under negative pressure.

The CDC Guidelines recommend that room pressurization be confirmed daily while the
room is occupied by a suspected or known infectious TB patient, and at least once a
month at other times.

These tests can be done with smoke or a telltale device, such as a tissue. However, it is
recommended that each AlIR be equipped with a permanent room pressure monitor.

Documentation

Records should be kept of all AlIR environmental control tests and measurements. Local
regulatory agencies may require that these records be kept for a number of years. For
example, Cal/OSHA requires that records be kept for a minimum of five years.

AIRBORNE INFECTION ISOLATION ROOMS

105



106

Smoke Trail (or Smoke Tube) Testing Method
for Negative Pressure AllRs

Smoke from a smoke tube can be used to observe airflow between areas or airflow pat-
terns within an area. Smoke tube testing must be performed outside the room with the
door closed.

To check the negative pressure in a room, hold the smoke tube near the bottom of the
door and approximately 2 inches in front of the door, or at the face of a grille or other door
opening. Generate a small amount of smoke by gently squeezing the bulb.

The smoke tube should be held parallel to the door, and the smoke should be issued
slowly from the tube to ensure that the velocity of the smoke does not overpower the air
velocity. The smoke will travel in the direction of airflow.

If the room is at negative pressure, the smoke will travel under the door and into the room
(e.g., from higher to lower pressure). If the room is not at negative pressure, the smoke will
be blown outward or will remain stationary.

If there is an anteroom, release smoke at the inner door undercut, with both anteroom
doors shut.

In addition to a pedestrian entry, some AllRs or areas are accessed through a wider
wheeled-bed stretcher door. Release smoke at all door entrances to AllRs or areas.

If room air cleaners are being used in the room, they should be running during the test.

Because the smoke is irritating if inhaled, care should be taken to prevent direct inhalation
from the smoke tube. However, the quantity of smoke issued from the tube is minimal and
is not detectable at short distances from the tube.
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Dedicated Bathroom
Background The Best Option
The setting is an AlIR with a dedicated bathroom. The preferred arrangement is to exhaust 250 CFM at
Supply air to the AlIR is 200 CFM. the AlIR and 50 CFM at the bathroom (as shown in

the above diagram), rather than 200 CFM at the AlIR

The Options and 100 CFM at the bathroom.

The AlIR volume is approximately 1,000 cubic feet,

so the supply air change rate is 12 ACH. The Reason
Each arrangement will result in both a 100 CFM off-
set across the AlIR door and an equal volume of air
moving through the AlIR. But only the preferred op-
tion provides more exhaust than supply in the AlIR
itself, resulting in negative pressure, and increases

airflow towards the head of the bed.

You are installing a new exhaust fan with a capacity
of 300 CFM that will serve only the AlIR suite. Local
codes mandate a minimum of 10 ACH in bathrooms.
The bathroom volume is approximately 240 cubic
feet, so a minimum of 40 CFM exhaust is required.

Also, code officials may require that direct exhaust

How should the 300 CFM of exhaust air be split from the AlIR exceed direct supply air. The latter op-
up between the bathroom and the AlIR? tion would result in a room with supply equal to ex-
haust.

Should 250 CFM be exhausted in the AlIR and 50
CFM in the bathroom?

Or should 200 CFM be exhausted in the AlIR and
the remaining 100 CFM in the bathroom?
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AllR: Part One

Background

Routine annual tuberculin skin testing revealed that two employees in a small, single-story county
clinic converted their TSTs over the last year. Both employees were clerks in the billing department;
neither had patient contact.

Assessment

The clinic manager, Janet, was concerned because the billing department shares a corridor with the
room used to isolate TB patients. M. tuberculosis transmission may have occurred due to failed envi-
ronmental controls in the AlIR.

Janet tested pressurization of the AlIR with a piece of tissue. The room clearly had positive pressure
with respect to the corridor. She felt airflow from the supply grille. Even after wiping off the consider-
able amount of dust on the exhaust grille, there was no air movement. A tissue held against the grille
was not pulled toward the grille as would be expected.

The county facilities department sent out a maintenance engineer, Cynthia, to investigate further.

Cynthia remembered converting this room into an AlIR for TB patients about 2 years ago. She had
sealed the room and installed a small, dedicated rooftop exhaust fan. But now she found that dust and
lint had accumulated on the fan motor, causing the motor to overheat and burn out. She cleaned the
fan and ductwork and replaced the motor. Exhaust was now measured and found to be 150 CFM.

Room air supply was 130 CFM, which was 20 CFM less than exhaust. However, a series of smoke
tests showed that the room was now at neutral pressure rather than negative pressure. Room air
leakage exceeded the 20 CFM offset.

Calculate Air Change Rate

The room was square-shaped (15 feet each side), with a ceiling height of 8.5 feet. The exhaust air
change rate was calculated as follows:

Room Volume = 15X 15X 8.5 = 1913 cubic feet

150 CFM X 60 minutes

= approx. 5 ACH
1913 cubic feet

Therefore, even with the exhaust fan fixed, the room was unsuitable for isolation because it was at
neutral pressure with a low air change rate.

Clearly, something had to be done. See “AllR: Part 2” for conclusion.

What steps should be taken to achieve negative pressure in the AlIR?
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AllR: Part Two

Calculate Additional Airflow
Although Janet, the clinic manager, wanted to bring the AlIR into compliance with CDC environmen-

tal control recommendations, she thought her budget was too limited to accomplish this.

Cynthia, the engineer, suggested a portable HEPA filter unit as an affordable upgrade option. A HEPA
filter unit would provide additional airflow. If a portion of the discharge were ducted outside, it would
also create negative pressure.

The first step was to calculate the additional airflow required:

19183 cubic feet X 12 ACH
Airflow required for 12 ACH = = approx. 400 CFM
60 minutes

Additional airflow required = 400 CFM = 150 CFM = 250 CFM

Sizing and Installing a Portable HEPA Filter Unit

A HEPA filter unit that produced at least 250 CFM airflow was required. Cynthia contacted a me-
chanical equipment supplier. Two units were available: a small unit rated for 150 to 300 CFM; and a
large unit rated for 250 to 750 CFM. Each unit had a variable speed switch and an optional connec-
tion that could be used to duct some of the discharge air outdoors.

Janet suggested buying the small unit to save money. If run at high speed, it would provide more than
enough airflow. However, Cynthia explained that most people turn down the fan speed switch be-
cause the units can be noisy. The units may also produce less airflow than the catalog claims. She
suggested adding a 25% safety factor, then buying a unit listed for this airflow at low or medium
speed.

Additional airflow =+ safety factor = 250 CFM + 25% = approx. 310 CFM

Based on this, the larger unit was selected and placed in the room. Cynthia replaced a windowpane
with a sheet metal panel. She connected a flexible duct from the HEPA unit discharge to a hole in the
sheet metal panel, set the unit to about 300 CFM, and diverted about a third of the discharge air to
the outdoors.

The Happy Ending

The room was now clearly at negative pressure, the airflow was improved, and the noise from the
HEPA filter unit was acceptable.

Cynthia‘s final measurements showed that the HEPA filter was returning approximately 250 CFM,
with 80 CFM of this discharged outside and the remaining 170 CFM recirculating in the room.
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How often should the negative pressure be verified for this AlIR?
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TB transmission is a recognized risk to patients and HCWs in healthcare settings.
The magnitude of this risk varies significantly depending on:

Facility type

Patient population

Prevalence and incidence of infectious TB in the community
Occupational group and work area of the HCW

Effectiveness of the facility’s TB control program

The risk of transmission is greater in areas in which care is provided to patients with
TB disease before they are identified, properly isolated, and started on appropriate
therapy. This care is often provided in hospital EDs.

ED Workers at Higher Risk for
Exposure to TB

In addition to providing care to persons with unidentified TB disease, EDs increasingly
provide care to those populations most impacted by the TB epidemic:

e Urban poor

* |mmigrants

e Persons at risk for HIV infection
e Persons recently incarcerated
e Homeless persons

e Persons with inadequate access to health-care

Because they don’t have health insurance and a private doctor, many patients with TB
disease seek care in the EDs of urban public hospitals. They may wait for long periods
under crowded conditions with inadequate room ventilation. These factors increase the
risk of transmission to ED staff. A random sample of EDs nationally found that EDs with
the greatest number of TB patients had the longest waiting times. Many patients with TB
disease do not yet have a diagnosis when care is sought in EDs. This results in delay in
initiating All precautions and other infection control measures by ED staff. Furthermore,
delays in seeking medical care may result in presentation with more advanced TB dis-
ease, increasing the risk of transmission to staff in EDs.

TB transmission to HCWs and patients in EDs has been well documented. One outbreak oc-
curred following a 4-hour exposure to a patient, known at the time of admission to the ED to
have pulmonary TB. Another outbreak occurred after only 2 hours exposure to a patient with
unrecognized pulmonary TB. Most transmission in EDs undoubtedly occurs without known
links between an infectious source and susceptible individuals with whom air is shared.
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In summary, EDs present a unique intersection of risk factors. Given these factors, the
cornerstone of effective TB control programs in EDs is early identification of patients with
infectious TB. After identifying these patients, implementing appropriate isolation and di-
agnostic procedures are the most important and effective risk reduction activities. An in-
dex of suspicion for TB appropriate to the facility, the community, and the client population
is an essential component of these practices.

Determining the Likelihood of TB
Transmission in the ED

The risk for TB transmission in the ED is approximated by looking at several factors:
e TBin the community
e TBin your facility
e M. tuberculosis TST or IGRA conversion rate in your facility

With information on these factors, you will be able to assess your ED'’s risk.

Obtaining Information about TB in the
Community

To assess TB in the community served by your ED, you will need information such as:

e Number of TB cases in the past year in the county or counties from which you draw
your ED patients

e Number of TB cases with drug resistance in the past year in the county or counties
from which you draw your ED patients

e Demographic information on community TB cases:
Race/Ethnicity
Age distribution

Other, community-specific information that can be important in evaluating the community
TBrisk includes general health factors in the community from which your client population
is drawn, such as:

e Prevalence of HIV infection
e |V drug use
e Homelessness
e Access to preventive health-care
This information can be found by contacting sources such as:
e Your local TB control program
e Your state TB control program

e Local health information groups such as the American Lung Association and/or
AIDS information services

Once you have obtained general information about TB in your community, you need to
obtain some facility-specific information.
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Obtaining Information About Confirmed TB in
the Facility

You will want to determine the number of confirmed TB cases in the past year that were:
e Admitted to your facility
e Admitted to your facility with drug-resistant TB
e Admitted to your facility and were seen in the ED
This information can be found by looking at records from:
e Admissions/medical records
e Infection control

e | aboratory

The above information is needed to help you assess your ED risk using the “Risk Assess-
ment Worksheet,” which appears in the Appendix on page 149.

Calculating the TST Conversion Rate for
the Staff

A conversion rate provides an estimate of the risk of TB transmission. This rate is a simple
way of comparing the number of staff who have converted their TST result since the prior
year and the TST-negative staff who did not convert over the same time period. It gives you
information needed to determine the significance of the actual number of conversions.

For example, your IC practitioner might say, “We have had five staff conversions in the
past year.” If the number of TST-negative staff who were tested that year was five thou-
sand, five conversions may not represent a large percentage of staff (0.1%). But if the
number of TST-negative staff who were tested that year was only twenty-five, five conver-
sions represents a much greater percentage of the staff (20%).

It can be misleading to look only at the number of conversions. Conversions must be
looked at within the context of the TST-negative staff population.

To facilitate the collection and analysis of this information, it is crucial that TB skin testing
data be entered in an aggregate log by department, as well as kept in individual employee
records. In order to protect medical record confidentiality requirements, the aggregate log
need not give the names of the employees.

Use the “Conversion Rate Calculation Worksheet” in Appendix A on page 141 to calculate
and log the aggregate conversion rate. If your facility uses IGRA testing instead of or in
addition to TST, these results should be included in the conversion rate calculation as
shown in Appendix A.
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Next Steps

Compare the information you developed about your facility with the general ED risk clas-
sification in the revised version of Appendix B in the CDC guidelines. Use these classifica-
tions in conjunction with community-specific information to determine your ED risk.

Next, determine whether the community-specific information warrants a shift in the gen-
eral ED risk classification. For example, if your facility sees few of the TB cases in your
community, or has an ED population that is not representative of the community demo-
graphics for confirmed TB cases, you may want to revise your classification to a lower-risk
category. Conversely, if your patient population closely matches the demographics of the
TB cases in your community, or you serve a particularly high-risk population, you should
consider revising your classification to a medium-risk category.

TABLE 11.
General Risk Classifications

The general risk classifications for EDs can be defined as follows:

POTENTIAL ONGOING Should be temporarily applied to any setting (or group of HCWs) if evidence

TRANSMISSION suggestive of person-to-person transmission of M. tuberculosis has
occurred in the setting during the preceding year. Of if any of the following
has occurred:

e clusters of TST or IGRA conversions
e HCW with confirmed TB disease
e increased rates of TST of IGRA conversions

e DNA fingerprinting that shows the presence of identical strain in patients
or HCWs with TB disease

MEDIUM RISK Facilities of >200 beds with >6 TB patients
Facilities of <200 beds with >3 TB patients

LOW RISK: Facilities of >200 beds with <6 TB patients
Facilities of <200 beds with <3 TB patients

Note: These are general classifications and may be modified depending on the facility
situation. For example, a facility that would fall into the low- or medium-risk categories
may upgrade to a classification of potential ongoing transmission if the facility is seeing pa-
tients with multidrug-resistant (MDR) TB.

EMERGENCY DEPARTMENTS 117



Privacy During Iriage

Mr. B, a 57-year-old Chinese man, came to the busy ED of the hospital near his home. It was crowd-
ed with people and noisy. When the triage nurse brought him over to the triage area, she sometimes
had to speak loudly to be heard over the noise. Mr. B told the nurse that he had not been feeling well
and that he had been having some chest discomfort, but denied having a cough or other symptoms.
Since he was not currently having any discomfort, he was asked to wait in the waiting area.

After 2 hours, Mr. B was brought into the ED. When the ED doctor came in to examine him, Mr. B
admitted that he had been coughing up greenish stuff for the past month, and that he had been los-
ing weight. The doctor ordered a chest x-ray, which was abnormal and indicative of TB disease.
Later sputum smears and cultures were positive for TB.

Why did Mr. B deny having a cough or other symptoms during triage? The triage area was not lo-
cated in a private area where the patient could discuss his symptoms confidentially. Although the
triage area was obscured from the view of others in the area, both the nurse’s questions and the
patient’s answers could be overheard. So even though the triage nurse asked all the right questions,
the patient did not answer truthfully. This resulted in delayed isolation, which caused exposure for
other patients and staff.

What are some actions or methods the ED personnel could use to prevent this in the future?
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B Symptom Screening
During Triage

Ms. K, a 39-year old Mexican woman, was brought to the ED after falling from a ladder at her sister’s
home. She complained of arm and back pain and headache. After staff had ascertained that her in-
juries were minor, they set her broken arm.

While preparing to discharge her, Ms. K asked if she could also have something for her very produc-
tive cough, which she had had for several months. Before discharging Ms. K, the doctor called radiol-
ogy for a reading on the chest x-rays which had been taken 6 hours earlier. The x-rays were abnor-
mal, and a further work-up revealed that Ms. K had both a positive smear and TB culture.

Although Ms. K was not admitted to the ED for a complaint related to TB symptoms, she did have
TB. If TB screening were a routine part of the triage procedure at this urban ED, Ms. K would have
been isolated for the entire 6 hours she was there. Instead, she exposed staff members and other
patients.

What are some of the questions triage personnel should ask patients to determine their
TB status?
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infectious patients
and prevent
fransmission
should begin as
Soon as the patient
enters the door
and approaches
the admission or
registration desk.
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Implementing and Performing TB Triage

Generally the initial ED triage interaction focuses only on patient acuity. As a result, a
stable, but infectious, TB patient may be left sitting in the waiting room for a long time.

Efforts to identify infectious patients and prevent transmission should begin as soon as
the patient enters the door and approaches the admission or registration desk.

When suspect TB patients are identified early in the admitting process, these patients can
be placed on a “fast-track” for further triaging and possible isolation or masking precau-
tions. EDs that do not have a specific triage tool for this purpose tend to over-look sus-
pect TB patients and triage for acuity only.

About Triage Levels

This manual introduces three levels of suggested triage procedures for early identification
of suspect TB patients:

e Level A: Written TB symptom and risk factor screening of all patients presenting to
the ED, regardless of the nature of the chief complaint.

e Level B: Written TB symptom and risk factor screening of all patients with respira-
tory complaints or known HIV infection presenting to the ED.

e Level C: Develop facility-defined criteria for determining when to suspect TB in your
ED patients. No TB symptom and risk factor screening of any patient unless these
facility-defined criteria are met.

Each level of triage procedure has advantages and disadvantages. These are discussed
in more detail on the following page.

Determining Which Triage Level to Use

A facility can choose to use any of the three triage levels; there are no requirements that
would compel any facility to choose a level above Level C. However, there are instances
when choosing Level A or Level B is more protective of the health and safety of ED staff
and patients.

We recommend that you use the “Risk Assessment Worksheet” in Appendix B (revised
version) of the CDC guidelines and Appendix F on page 149 of this manual to help you
decide which triage level to use.
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TABLE 12.

Triage Levels—Advantages and Disadvantages

LEVEL DEFINITION ADVANTAGES DISADVANTAGES

A

TB symptom and risk factor
screening of all patients
presenting to the ED,
regardless of the nature of the
chief complaint.

This option is likely to “catch”
more infectious TB patients.
Because screening must be done
on all patients, those with atypical
presentations of TB are more
likely to be found.

A high level of suspicion
maintained by screening all
patients will assure a constant
level of readiness to deal with TB
effectively.

Screening must be done on all
patients, and the triage nurse cannot
use clinical judgment to decide
whom to screen. This can be difficult
for staff to accept.

Increased time spent in triage.

May result in over-isolation.

Written TB symptom and risk
factor screening of all patients
with respiratory complaints or
known HIV infection
presenting to the ED.

This level involves minimal
behavioral changes for most
triage nurses and may be easier
to implement.

A moderate level of suspicion
maintained by screening all
patients with respiratory
symptoms or known HIV infection
will assure some level of readiness
to deal with TB effectively.

This level requires the triage nurse to
decide when to apply the screening.
This can result in missing patients
with TB, especially if they present
atypically.

This level may result in under-
isolation.

Develop facility-defined
identifying criteria for
determining when to suspect
TB in your ED patients.

No TB symptom and risk
factor screening of any
patient unless these
facility-defined criteria are
met.

This level will save time at triage
since only patients who meet the
facility-defined criteria for suspect
TB will be screened.

This level requires the triage nurse to
decide when to apply the screening.
This can result in missing more
patients with TB, especially if they
present atypically.

This level may result in under-
isolation.

This level of screening does not
require staff to “think TB” and may
result in decreased readiness to deal
effectively with TB.

This level creates vulnerability to
occasional outbreak and decreases
preparedness to deal effectively with
a TB patient and the post-exposure
follow-up, which should occur.

These are our recommendations, based on the risk assessment classifications:

Use Level A if your ED’s risk assessment is: Potential Ongoing Transmission

Use Level B if your ED’s risk assessment is: Medium Risk

Use Level C if your ED’s risk assessment is: Low Risk

Note: Facilities choosing Level C screening should be aware that they may be more vul-

nerable to occasional outbreaks and less likely to be prepared to deal effectively with a TB
patient and the post-exposure follow-up that should occur.
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Setting up the Triage Area

The triage area should be set up to provide the patient with as much privacy as possible.
Patients may be reluctant to answer triage questions truthfully when others can overhear
them. This can lead to a delay in identifying suspect TB patients. Even if the triage area
must be located in an open area, you can create more privacy by strategically placing
portable screens or cubicle walls.

Implementing the Triage Plan

The only difference between the levels of triage is the population targeted for screening.
The recommended actions for patient screening are identical at all levels.

e Develop and implement a written procedure for TB-specific screening.

e Develop specific, written triage questions concerning both risk factors and symp-
toms of TB disease.

Note: The infection control practitioner should look at the current ED triage forms to
determine if such a TB-specific checklist is included. In our experience, many ED staff
believe that a general respiratory system checklist meets this need. It does not! If the TB-
specific questions are not written down, there will be little consistency between triage
nurses, and important questions may not be asked.

Many organizations have developed TB-specific triage questionnaires. A sample triage
questionnaire is included in Appendix B on page 1483. Others are referenced in the Re-
sources section on page 170.

The triage criteria for Respiratory Isolation of Pulmonary Tuberculosis (RIPT) Protocol was
developed at Harbor-UCLA Medical Center (Appendix J on page 155) to aid in early iden-
tification and isolation of patients at high risk for pulmonary TB in the ED.

The triage worksheet consists of a questionnaire of both risk factors and symptoms of
pulmonary TB. Point values are assigned to each risk factor and symptom and patient
scores are added. Patients who score 5 or more are immediately isolated and evaluated
for TB.

This tool is a good example of a short, TB-specific triage checklist.

A Word About Triage Checklists and
Algorithms...

The use of TB checklists and algorithms poses two main problems. First, as people with
varying backgrounds, interest, and experience with TB may administer them, the tools
may be used differently depending on the user. Second, there will never be complete in-
formation at the time the tools are used. Incomplete information will cause errors in the
assumptions of the tools.

Nevertheless, these tools are useful to facilitate a standard and consistent collection of
information. Triage tools are not foolproof, and, like all other tools, are more effective when
used by an experienced practitioner.
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AlIR Signage

The housekeeping manager called the ED nurse manager. A housekeeper who was regularly as-
signed to the ED had complained about going into an exam room in the ED for routine matters, such
as emptying the trash containers. After he came out of the room, he found that the nurses and doc-
tors going into the room were wearing respirators. He was worried that he was going to get sick, and
angry because he felt important information was being withheld. The ED manager tried to explain
that the staff was very busy, and that they communicated informally to one another about the
isolation status of the patients. But she realized that this would have to change, in order to better
protect the safety of all the workers in the ED. She called the infection control nurse (ICN) and en-
listed his help.

At the next staff meeting, the ED manager and the ICN presented a plan they had developed jointly.
They made a double-sided sign to hang on the doors of the rooms that were sometimes used as
AlIRs for suspect TB patients. The sign was a simple one which on one side read “Exam Room — No
Special Precautions Required,” and on the other side read “AlIR—N-95 Respirators Required.” Since
the signs would be on the doors, staff would just need to turn them to the isolation side when oc-
cupied by a suspect TB patient. The staff agreed to give the signs a try. This was a simple system of
notification which benefited all staff who worked in the ED, including housekeeping, lab, and
radiology.

Can you think of other ways, ED managers can inform staff about potential TB transmission
in their facility?
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Communication and Monitoring

A busy Northern California hospital has a pro-active infection control committee, which includes the
infection control coordinator, the chief engineer, and the nurse manager of the ED. In response to the
resurgence of TB, they initiated a construction project to convert the ED waiting room to 100% ex-
haust air, and convert one of the ED exam rooms to meet the CDC recommendations for a TB AlIR
(i.e., 12 ACH with negative pressure and 100% exhaust). The project was successfully completed in
2004.

In 2006, a young engineer was surveying the ED mechanical systems for another planned renovation.
During a quiet moment, she asked the triage nurse which was the TB segregation exam room. He
told her it was Exam Room #9. However, when the engineer looked at the mechanical drawings for
the 2004 remodel, she was surprised to find that the room that had been converted was across the
hall from Exam Room #9, and was being used for pediatric exams. Subsequent airflow measure-
ments indicated that Exam Room #9 was under positive pressure and had an air change rate of only
4 ACH.

This example indicates the importance of two things: communication and monitoring. The various
disciplines involved in TB control should continually share information. If the engineering department
had involved ED staff in the construction project, they would probably have known the correct seg-
regation room. Had engineering been checking airflow annually and sharing this information with
others, the mistaken room would have been discovered. Had ED staff been checking for negative
pressure at Exam Room #9, they would have discovered that it was under positive pressure.

What are two ways a healthcare worker can check a room for negative pressure?
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Handling Suspect TB Patients in
the ED

Removing or limiting a suspect TB patient from contact with other patients and staff
should be an initial action based on the TB triage results. We refer to such a process as
“fast-tracking.” Airborne infection isolation is the ideal for placement of infectious patients.
We refer to the use of AllRs as “isolation.” Many EDs do not have AllIRs, and may instead
use treatment/exam rooms with doors closed to separate suspect TB patients from oth-
ers. This use of treatment/exam rooms is referred to as “segregation.” In the absence of
isolation facilities, the ED should be prepared to implement the highest level of contain-
ment possible.

The basic concept of fast-tracking can be used in all settings, with isolation or segregation.

Taking Initial Actions

Fast-Tracking

Fast-tracking suspect TB patients requires a plan to address:

e Communication among ED staff of the need for masking, isolation, or segregation of
the suspect TB patients

e Appropriate isolation or segregation of the patients

e The manner in which necessary services are provided to these patients.

Communicating the Need for Isolation or Segregation

Patients with suspected or confirmed infectious TB should be masked as soon as they
are identified and then moved to isolation or segregation. A sign should be placed on the
door of the room, notifying staff that the room is being used for isolation or segregation.
The sign should clearly state that no one should enter the room without using an ap-
proved respirator. The door should remain closed.

Signage must be kept accessible to staff or it will not be used. A holder on the wall near
the room(s) used to isolate/segregate can be a convenient place to store the signage
when it is not needed.

It is also important to have approved respirators readily available near the isolation/segre-
gation room. Some facilities have placed wall-mounted boxes of respirators outside these
rooms.

The registration and financial clerks are often overlooked in the communication loop.
Suspect TB patients should not be sent to the registration or financial area. To minimize
contact, alternatives should be explored. Perhaps the clerk could go into the patient’s
room, using an approved respirator, or complete the registration over the telephone.

Isolating or Segregating Suspect TB Patients

The most appropriate room in which to place a suspect TB patient is one that complies
with the environmental recommendations as listed in the CDC Guidelines for a newly
constructed AlIR. To review, an AlIR is a single patient room that has a minimum air
change rate of 12 ACH, negative air pressure relative to adjacent spaces, and direct ex-
haust to the outdoors or recirculation of air through a HEPA filter.
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Many facilities do not have such a dedicated AlIR available in the ED. Such facilities often
segregate suspect TB patients in any available closed exam room, regardless of the ven-
tilation characteristics of the room.

The two most important environmental characteristics of an AllR are a high ventilation rate
and negative pressure relative to the adjacent space. The direct exhaust requirement is
not as crucial because ED supply air filters should remove most TB particles from recircu-
lated air. We recommend that a specific exam room with these two ventilation character-
istics be identified to segregate such patients. You can assess the ventilation of a number
of rooms and use the one that is most satisfactory. Alternately, you can select the room
based on other concerns, and then improve the ventilation as required. A removable sign
should be placed on the room door to warn staff that a segregated patient is inside.

The room should have a high ventilation rate (minimum 12 ACH). The airflow rate in the
room should be measured. The hospital engineering department may have the equipment
to measure room airflow. Otherwise, your engineering department can contract with a
certified air balancing firm to perform these measurements. Once you know the amount
of air moving through the room, you can calculate the air change rate. If the room airflow
is inadequate, it should either be increased, or supplemented with a portable High Effi-
ciency Particulate Air (HEPA) filter unit.

The room should also be under negative pressure. Check the room’s pressurization rela-
tive to the corridor using a telltale such as smoke tubes or incense sticks. (Your engineer-
ing department may have smoke tubes that you can use. Otherwise you may be able to
buy them from a local safety supply company.) Hold the smoke-generating device at
ground level just outside the door and observe the smoke trail. Repeat this or a similar test
daily to verify negative pressure of any room used for segregation or isolation.

Negative air pressure may be achieved in a room by increasing the amount of air ex-
hausted by the existing ventilation system so that more air is exhausted than supplied. If
this cannot be accomplished, you may have to add a dedicated exhaust fan, or a stand-
alone HEPA filter unit with a portion of the discharge diverted outside.

For information about AlIR criteria, see “AllRs” on page 88. For more information about
HEPA filters see page 42.

Providing Services to Suspect TB Patients

Services should be brought to the patient as much as possible, rather than bringing the
patient to the service. When this is not possible, a system must be in place to assure that
the patient is masked when not in isolation or segregation. It is also imperative that the
staff in the department providing the service are notified that the patient is an isolation/
segregation patient and should be masked. Ideally, an ED staff member should accom-
pany the patient at all times when out of the isolation/segregation room. This is not always
possible, so it is important to develop a facility-specific process for communicating the
isolation status of the patient between departments. Some facilities have a computerized
notification that accompanies the order for services. Other facilities place a special color
wristband on patients who should be masked when out of isolation or segregation.
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The ED Waiting Room—A Port of Entry

EDs can be described as places where high-risk, undiagnosed patients may come for
treatment when in crisis. ED staff members are often aware of TB and the high-risk popu-
lations that frequent the ED, but their attention is usually focused on identifying and treat-
ing acute, life-threatening injuries and illnesses. Frequently the initial triage interaction is
delayed and/or focuses only on patient acuity. Too often this leaves a person with infec-
tious TB sitting in the waiting room.

Protecting Patients from Exposure

Special efforts should be made to protect patients who are at high risk for developing TB
disease after infection, such as infants or persons with HIV/AIDS, from coughing patients
who may have TB. When possible, coughing patients should be placed in a separate
waiting area. Patients who are noted to be coughing at registration or triage could be di-
rected to this alternate site. Surgical face masks and tissues should be provided to pa-
tients who are directed to this area.

The direction of the airflow should be checked to help determine the area you select for
this alternate waiting site. The preferred location is in a separate room that is well venti-
lated and under negative pressure. If a separate room is unavailable, use an area in the
general waiting room that is as close as possible to where air is being removed from the
room. This will help to prevent the spread of infectious particles to other areas of the wait-
ing room.

You can visualize air movement in the waiting room using smoke-generating devices.
Release smoke at various locations in the room. Note the directions in which the smoke
is blown by the air currents in the room. If you hold the smoke-generating device close to
the ventilation system outlets, you should also be able to observe which outlets are sup-
plying air and which are removing air.

Educating Patients

Placing signs that show a coughing individual using tissue or a surgical-type mask are
non-judgmental and lend support to ED staff TB control efforts.

Signs in appropriate languages for your facility’s clientele should be easily visible in your
ED registration and waiting areas to encourage coughing patients to cover their coughs.
The sign should have a picture of a person covering their cough and be easily under-
standable. Sample signs for you to copy and use are included in Appendix L , starting on
page 157.

A variety of patient literature on TB should also be available in the waiting area. Pamphlets
can be obtained from a number of sources including the CDC, your state TB Control
Program, and the American Lung Association.
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Providing Short-term Protection
(Masking Tissues)

The purpose of masking a suspect or known infectious TB patient is to block aerosols
produced by coughing, sneezing, talking, etc. A surgical mask placed on a cooperative
patient provides adequate short-term protection for staff and other patients in the ED.
Covering a cough with a tissue is also an effective TB control measure. All staff, including
staff at the front reception desk, should be trained to look for patients with symptoms of
TB, especially coughs. Surgical masks and/or tissues should be readily available to
coughing patients at the registration desk, in the waiting room, the triage area, and the
treatment room. Staff should be trained and empowered to offer coughing patients
masks/tissues with a gentle reminder to cover their mouth and nose when coughing. This
can be a difficult task for employees, and role-playing may be helpful during training.

Some facilities are concerned that having tissue boxes in waiting areas can be very messy,
since children may pull tissue after tissue out of the box. One solution to this is to mount
dispensers on the wall, above the reach of children, to assure that tissues are always
available, but out of the reach of children.

Masking Considerations

Patients who are suspected or known to have infectious TB must be masked until place-
ment in appropriate airborne infection isolation. A regular surgical mask is sufficient to
block droplets from escaping into the room air. Masks must be changed if they become
damp or difficult to breathe through.

Respirators should not be used on patients. Respirators increase the work of breath-
ing which can prompt the patient to remove the respirator.

About ED Waiting Room Environmental
Controls

ED waiting rooms are areas in hospitals where there is a particularly high risk of TB trans-
mission. These areas tend to be crowded spaces where people can spend a large amount
of time before they are medically screened. The ventilation system for ED waiting rooms
should be designed and maintained to reduce the risk of TB transmission.

Environmental controls for ED waiting rooms include:

Ventilation

Ventilation is the most effective environmental control. Ventilation can dilute and remove
infectious TB particles, as well as other airborne contaminants. The current California
Building Code mandates a minimum air change rate of 10 ACH for new or renovated
hospital ED waiting rooms. Many EDs were constructed before 1991 when this require-
ment was added to the building code. Such EDs may have ventilation rates less than 10
ACH. Facilities are not required to bring existing ED ventilation rates into compliance with
the current code unless they are renovating the ED.

The first step you should take is to have the hospital engineer calculate the air change rate
in the waiting room. You will need to have the actual airflow in your waiting room mea-
sured, probably using an airflow hood.
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If the air change rate is less than 10 ACH, it should be increased. It may be possible to
achieve this by adjusting the amount of air supplied and exhausted by the building ventila-
tion system. Otherwise, self-contained HEPA filter units can be used to increase the effec-
tive air change rate. For more information, see page 42.

Negative Pressure

The ventilation system for an ED waiting room should be balanced to achieve negative
pressure in the room with respect to adjacent spaces. The amount of air exhausted from
an ED waiting room should exceed the amount supplied.

General air movement will, consequently, be towards the waiting room from adjacent ar-
eas in the hospital. This will help contain any infectious particles generated in the waiting
room.

For effective negative pressurization of a room, all doors should be kept closed. However,
this is usually not practical for an ED waiting room. Nevertheless, the design of the me-
chanical systems for EDs should endeavor to keep air moving towards the waiting room.
Smoke-generating devices can be used to confirm this airflow.

If the exhaust airflow rate in your waiting room does not exceed supply, then exhaust
should be increased. It may be possible to increase the exhaust airflow by adjusting (also
called rebalancing) the existing mechanical exhaust air system. Alternately, a new ex-
haust system could be installed. This option will obviously be more expensive. You should
discuss these options with your facility’s engineering staff. For more information, see
page 26.

Routine Assessment and Maintenance

Ventilation systems drift out of balance over time. Monitoring is required to verify the ac-
tual conditions, and maintenance is required to reset airflows to the intended values.

The airflow in waiting rooms should be measured and rebalanced at least annually. Re-
cords should be kept documenting airflow readings. These readings should be shared
with the infection control committee and ED management.

Upper-air Ultraviolet Germicidal Irradiation (UVGI)

Upper-air UVGI is recommended for crowded congregate settings, such as waiting rooms,
to increase the effective air change rate. Consider upper-air UVGI to supplement the ven-
tilation system in high-risk public areas, such as ED waiting rooms.

Expertise is required for the safe and effective installation and use of upper-air UVGI lamps.
Issues to address include:

e |nitial and routine monitoring of radiation levels (both in the occupied area of the
room and in the upper room)

e Routine maintenance
e Staff education

e [ abeling and posting of warning signs

For more information, see “Upper-air UVGI” on page 38.
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Homeless Shelters




Homeless shelters present considerable variation in the types of services they pro-
vide, the people they serve, and the type of buildings in which they are housed.

Some shelters provide food and shelter, but no other services. Other facilities provide
a range of services on-site, including case management and chemical dependency

recovery services

Some shelters serve a different group of clients every night on a first-come, first-
served basis. Other shelters allow clients to stay for up to 6 months

Buildings used as shelters vary from a converted warehouse sleeping 600 people to a
self-contained trailer for 4 clients

Many shelters serve only adult male clients. A smaller number serve women, families,

or teenagers

Because of these factors, the likelihood that TB will spread varies considerably from
shelter to shelter.

This section describes the challenges faced by shelters and how to reduce the risk of
spreading TB in these settings.

132

Background and Needs Overview

During 1996-1998, a mechanical engineer conducted on-site consultations at 19 Califor-
nia homeless shelters. These consultations included an evaluation of how ventilation, fil-
ters, and UV, when present, helped reduce the risk of TB transmission. Consultations also
included conversations with shelter managers and other staff to determine their knowl-
edge and skills regarding TB control measures.

The most common problems found with ventilation, filters, and UVGI at homeless shelters
included:

Rooms without ventilation
Broken ventilation equipment

Ventilation systems operating below capacity because the equipment needed clean-
ing or other routine upkeep

Inadequate air filters in central ventilation systems

Inappropriate design and installation of UVGI lamps
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The following barriers to more effective use of ventilation, filters, and UVGI were encoun-
tered:

e Limited knowledge about TB and how TB is spread

e Limited knowledge of the role of ventilation, filters, and UVGI in reducing TB trans-
mission risk

e High staff turnover rate and overworked staff
e Limited maintenance staff and budgets
e Dilapidated buildings and mechanical ventilation systems

e Limited funds to improve TB control through use of ventilation, filters, and UVGI

Following each consultation, the facility received a report recommending ways of reduc-
ing the likelihood that TB would spread in the shelter. Recommendations varied from im-
mediate no-cost steps, such as opening windows and doors, to suggested modifications
of the shelter’s ventilation equipment.

Why TB is a Problem in Homeless
Shelters

TB is likely to spread in shelters. If a shelter client has infectious TB, it can place shelter
staff and clients at risk. Shelters are especially vulnerable because:

e The shelter environment often increases the chances that if a person with TB is
present, TB will be spread.

e Homeless people are more likely to have TB than others in the general population.

In 2005, 6.1% of reported TB cases in the United States were people who were homeless
at some time during the year before their TB was diagnosed.

The homeless are more likely than the general population to have TB because risk factors
for TB, including the following, are more common:

e Contact with other homeless people who have TB

e Poor nutrition

e Poor access to health care

e Poor adherence to follow-up visits and prescribed treatment for TB infection

e Substance abuse, especially injection drug use and alcohol

e Limited access to HIV education and prevention measures, increasing the risk of
HIV infection among the homeless.

TB disease develops more quickly among people who are infected with both TB and HIV.
Because homeless persons are at higher risk for HIV infection than the general popula-
tion, TB can also develop among the homeless more quickly and spread to others before
it is even suspected.

For homeless people, food, shelter, and personal safety are often higher priorities than TB
and HIV prevention.

HOMELESS SHELTERS

133



134

In addition to increased TB among the homeless, characteristics of shelter environments
often increase the chances that TB will spread. For example:

e Building ventilation is often inadequate
e (Clients are crowded into close quarters, typically for 8 to 12 hours per night
Other factors contribute to the high likelihood that TB will spread in shelters. Among

these, the most important is that many shelters do not screen clients for TB symptoms.
Without this screening, a client with symptoms of TB will not be:

e Referred for medical care and treatment

e Separated from other clients or asked to use a face mask to lessen the chance that
TB, if present, will spread

Reducing the Risk of Spreading TB in
Homeless Shelters

Although the likelihood of spreading TB in shelters is high, shelter operators and others
can take steps to significantly reduce this risk. There are three main ways in which shelters
can reduce the chances that TB will spread:

e Administrative and work practice control measures
e Ventilation, filters, and UVGI

e Staff use of respiratory protection

In general, administrative and work practice control measures have the greatest impact on
preventing TB transmission, followed by the use of ventilation, filtration, and UVGI. Use of
respirators by shelter staff may be important in certain situations, such as when transport-
ing a client suspected of having TB of the lungs or larynx, or entering a room in which such
a client has been placed temporarily to separate him or her from other clients and staff.

Administrative and Work Practice Control
Measures

Homeless shelter management and staff should employ the following control measures:

e |dentify clients who have a cough and one or more other symptoms of TB disease
of the lungs or larynx (see “When TB Is Infectious” on page 8)

e Promptly refer clients with one or more symptoms of TB disease for medical care

e Promptly report clients with suspected or confirmed TB disease to the public health
department (a guest log and bed map should be maintained, these are essential if
the health department conducts a contact investigation to follow-up a TB outbreak
in a shelter)

e Separate clients with symptoms of TB from other clients and staff by placing them
in rooms by themselves until they can be medically evaluated. (Medical evaluation
should take place as soon as possible, though is sometimes not possible until the
following day. Clients may also be instructed to use masks over the nose and mouth
to trap droplet nuclei and be monitored to ensure that they are wearing them)

e Make tissues readily available to clients, instructing them to cover their nose and
mouth with tissues when coughing and sneezing, and reinforcing this behavior with
signs and verbal reminders
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e Perform TB screening of shelter staff and clients, such as TB symptom screening,
tuberculin skin testing or IGRA, chest x-ray, and medical follow-up, if indicated (See
a sample screening questionnaire in Appendix D on page 146)

e Assign a health ‘point person’ for your agency to coordinate TB and other health-
related activities. This person can order and display educational brochures and
posters throughout your agency, provide instructional videos on TB, conduct or
schedule client health groups, attend TB and other health workshops in the com-
munity, share health resources, serve as a health resource to other staff and resi-
dents , and contact the health department, when appropriate

e Require documentation of TB screening for new volunteers and employees

e Assist the local public health department in treating shelter clients for TB infection
and disease (e.g., provide transportation assistance and follow-up for health-care
appointments and provide incentives for clients to complete their full treatment, help
clients cooperate with DOT provided by the public health department to ensure TB
treatment is taken as ordered)

e FEducate staff and clients about TB (sample curriculum and training materials are
available from www.hhcla.org )

e Place each bed as far from neighboring beds as possible, with head-to-foot, instead
of head-to-head, arrangement of beds

Note: Shelters should not house clients who are being evaluated for, or known to have,
TB disease of the lungs or larynx until the conditions listed in “When TB Is Infectious”
(page 8) have been met. Consult with your local public health department for assistance
with alternative housing.

Using Ventilation, Filters, and UVGI

These measures will reduce the chances that others will inhale air containing M. tubercu-
losis.

e Ventilation can reduce the spread of TB through dilution and removal. Ventilation is
either natural (employing windows, doors, skylights, and/or fans) or mechanical (air
conditioning, heating, and other forced air systems). To read how ventilation can
help prevent TB from spreading, see “Using Ventilation to Reduce the Risk of
Spreading TB” on page 15

e Filters clean air by removing particles from air that is passed through them. Many
different levels of filters are available and ventilation systems may have only one filter
or have two or more. Using a suitable filter with your central ventilation system helps
reduce further the risk of spreading TB. For more on filtration, see page 27

e UVGI uses a type of radiation that has been shown to kill or inactivate M. tubercu-
losis in the air. It is used in TB control either as in-duct UVGI (using UVGI lamps
inside an air duct or air cleaner) or as upper-air UVGI (mounting UVGI lamps in the
upper part of a room). To read how UVGI can help prevent TB from spreading and
potential hazards of UVGI, see “Using UVGI to Reduce the Risk of Spreading TB” on
page 37
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Your shelter’s current system should be evaluated for effectiveness and modifications
should be made, if needed. Read the following information to help you determine any
changes that may work in your situation:

Natural Ventilation

If rooms in your building are not served by a central ventilation system, read “Natural Ven-
tilation and Fans” on page 16 to learn how to check and improve natural ventilation, how to
use exhaust and freestanding fans more effectively, and to learn about the advantages and
disadvantages of natural ventilation and fans as compared to other types of ventilation.
Methods that help improve natural ventilation in the shelter include:

* Providing fresh outside air to all occupied rooms in homeless shelters

e Keeping doors, windows, and skylights open as often as possible and check that
they are easy to open

e Adding fans to increase air mixing and directional airflow. Place them so air move-
ment can be felt in all occupied parts of the room, and keep them running as much
as possible

e Providing extra blankets to clients who complain of drafts so that ventilation can be
used when the space is occupied

e |ncreasing ventilation at times when the space is unoccupied if ventilation and fans
cannot be used when the space is occupied because they are too noisy or cause
unacceptable drafts. Many shelters are closed during part of the day, for example.
This provides an opportunity to open windows and doors while running fans at high
speed to “air out” dormitories.

Natural ventilation can be unpredictable and may not be practical in cold climates. If this
is the case, consider adding a central ventilation system.

To see how one homeless shelter director improved the natural ventilation in her building,
see “Case Study: Natural Ventilation and Fans” on page 22.

Central Ventilation

If rooms in your building have an existing central ventilation system, read “Central Ventila-
tion” on page 24 to learn about the various parts of your central ventilation system, how
they help control the spread of TB, what to check and how to make improvements, and
the advantages and disadvantages of central ventilation.

If you are considering the design of a central ventilation system for a new or an existing
building, read “Recommendations for the Design of New Central Ventilation Systems” on
page 34.
Methods that help improve existing central ventilation systems in the shelter include:

e Using pleated filters

* Providing outside air intakes

e Setting outside air intakes to the fully open position

e Using thermostats that allow continuous fan operation

e Running ventilation systems continuously whenever the building is occupied

e Providing a pressure gauge for ventilation units that have more than one filter

e Providing natural ventilation to occupied rooms not served by ventilation systems
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and to all occupied spaces at times when ventilation systems are broken or other-
wise not operating

e Considering the use of in-duct UVGI as a supplement to filtration and outside air
dilution.

In addition to the above methods, perform regular checks of each ventilation unit and the
rooms that it serves and perform routine upkeep. See “Checking a Ventilation System” on
page 32 for a description of the checks to perform, and see “Summary of Ventilation Units
Worksheet” on page 152 for a sample checklist that you can use. To learn about central
ventilation upkeep, see “Routine Upkeep of Existing Ventilation Systems” on page 33.

To see how one homeless shelter director used these ideas and made immediate low-
cost improvements to ventilation in his shelter, read “Case Study: Central Ventilation” on
page 36.

Air Filters

There are three types of filters that are used in central ventilation systems:
e High-efficiency particulate air (HEPA) filter
e Pleated ASHRAE 25% efficient filter (MERV 7 or 8)
e Lint filter

See the graph in Figure 3 on page 27 for a comparison of filter efficiency.

A pleated filter is the most suitable type of filter for many recirculating air systems, such as
those in homeless shelters. Pleated filters are readily available from hardware stores in
sizes that fit most ventilation systems. They are slightly more expensive than lint filters and
cause more of an obstruction, which will reduce airflow slightly. To read more about filters,
see “Components: Air Filters” on page 26.

HEPA filter units allow you to improve the air quality in a room almost immediately. These
units are especially useful in homeless shelters that may have inadequate or no ventilation
and limited funds for upgrades.

The following describes ways to use HEPA filter units in your shelter:

e Provide portable HEPA filter units for all unventilated rooms frequented by clients
unless the rooms have an operable window or door that is usually kept open

e Place small units off the floor and next to staff so that the purified air they generate
is delivered close to the faces of the people that they are used to protect. An ideal
location is on a desk or on a file cabinet adjacent to a staff member. Consider the
HEPA filter unit primarily as a source of clean air and secondly as a removal device
for contaminated air

e Place units evenly throughout crowded rooms so that air movement can be felt in all
parts of the room

e QOperate HEPA filter units continuously while rooms are occupied by clients and for
approximately 1 hour after they leave

To keep HEPA filter units operating efficiently, designate a staff person to be the in-house
monitor of the units and to perform routine maintenance. This person should know the
basic principles of HEPA filter unit operation and should create a written schedule for
changing the filters. To read more about HEPA filter units, how to select suitable units, and
their routine upkeep, see “HEPA Filter Units” on page 42.
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UVGI

Only an experienced professional, such as a UVGI lamp manufacturer should design and
install UVGI in your shelter. This type of installation (and the maintenance of such an instal-
lation) requires expertise and equipment that may be difficult and expensive to acquire.

In-duct UVGl is a useful option for a recirculating air system that serves areas at high risk
for TB transmission and areas without risk. The UVGI lamps are installed inside an air
duct. This type of UVGlI is usually less expensive to operate than a 100% outside air sys-
tem. To read more about this type of UVGI and advantages and disadvantages of in-duct
UVGI, see “Components: In-Duct UVGI” on page 29.

Upper-air UVGI is a specialized technology that is particularly appropriate for homeless
shelters but can only be used in certain rooms. UVGI lamps are mounted high on walls or
hung from the ceiling (at a height of 7 feet), resulting in irradiating and disinfecting the up-
per-room air. UVGI lamps should not be installed in rooms with ceilings less than 8 feet tall
to avoid having people look into the lamps or bump into them. In addition, bunk beds
should not be used in rooms that have an upper-room UVGI installation.

When using upper-air UVG, it is essential that the lamps and radiation levels be checked
on a regular basis.

e Have an expert use a radiometer to check the radiation levels in parts of the room
where people are likely to be exposed. Radiation levels should be below the NIOSH
REL

e [f radiation levels are too high in any location, turn off the lamp or lamps causing the
high radiation levels. It may be necessary to add non-reflective paint to the ceiling
and/or wall, and/or to relocate or replace the fixtures to correct the problem

e (Check that lamps are not burned out or broken. If lamps are working, they emit a
visible violet blue glow that can be seen from below

e Turn off lamps and check that lamps and fixtures are free of dust and lint

e (Check that the radiation level at each fixture meets the lamp manufacturer’s recom-
mendation. Protective clothing or special equipment may be required to take these
readings without overexposing the skin or eyes to the radiation. Replace the bulbs if
the radiation levels are below the manufacturer’s recommended minimum levels

To read more about upper-air UVGI, how to determine whether a room is suitable, about
installation planning, routine upkeep, and the advantages and disadvantages of upper-air
UVGI, see “Upper-Air UVGI” on page 38.

Staff Use of Respiratory Protection

A respirator is a CDC/NIOSH approved “mask” that fits over the nose and mouth of the
user. In TB control, a respirator is designed to prevent the user from inhaling droplet nuclei
containing M. tuberculosis.

The OSHA has specific requirements for staff use of respirators. Contact OSHA for addi-
tional information. http://www.osha.gov
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