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About the Core Curriculum on Tuberculosis:
What the Clinician Should Know

Purpose

‘The Core Curriculum on Tuberculosis: What the Clinician Should Know (Core Curriculum) presents
information about tuberculosis (TB) for health-care professionals. This document, produced by the
Centers for Disease Control and Prevention (CDC) Division of Tuberculosis Elimination (DTBE),
updates the 2000 Core Curriculum. It is intended for use as a reference manual for clinicians caring
for persons with or at high risk for TB disease or infection. In addition, it was designed to be
useful in developing educational programs. It is not meant to provide detailed answers to all public
health or clinical questions about TB, nor is it meant as a substitute for any specific guidelines. It is
anticipated that new guidelines will be published at future dates that will supersede information in
the Core Curriculum, and these new guidelines will be posted on the CDC DTBE website:
www.cdc.gov/tb.

An update on TB for clinicians is critical today. Research to find new treatment regimens and more
effective use of current ones continues as multidrug-resistant and extensively drug-resistant TB cases
challenge the public health community. The increased complexity of TB and HIV co-infection

has required updated guidelines for prevention and treatment. Testing, diagnosis, and patient
management and public health practice have also been revised.

Target Audience

The audience for this course includes clinicians who are caring for persons with or at high risk for TB
disease or infection.

Introduction to the Core Curriculum on Tuberculosis
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Goal

The goal of the Core Curriculum is to provide the reader with information about TB. Upon
completion of this educational activity, the reader should possess a clear working knowledge
of the diagnosis, treatment, and prevention of TB infection and disease.

Materials

The Curriculum

The Core Curriculum includes the following materials:

e Print-based self-study manual with the following 8 chapters:
» Chapter 1. Overview of Tuberculosis Epidemiology in the United States
» Chapter 2. Transmission and Pathogenesis of Tuberculosis
» Chapter 3. Testing for Tuberculosis Infection and Disease
» Chapter 4. Diagnosis of Tuberculosis
» Chapter 5. Treatment of Latent Tuberculosis Infection
» Chapter 6. Treatment of Tuberculosis Disease
» Chapter 7. Tuberculosis Infection Control
» Chapter 8. Community Tuberculosis Control
e Each chapter includes
» Chapter objectives
» Content topics with study questions
» Chapter summary
» References
» Appendix A—Glossary
« Appendix B—Answers to the study questions

o Appendix C—PowerPoint slides
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Estimated Time for Completion

The curriculum is designed in a self-study format so that each person can work at his or her
own pace. The actual time it takes to complete the Core Curriculum may differ from person to
person. Listed below are estimates of the time needed to complete each chapter and the entire
8-chapter course.

Core Curriculum on Tuberculosis: What the Clinician Should Know
Estimated Time for Completion

Chapter Title E::i'c‘:) a;er,c::tiir::
1 Overview of Tuberculosis Epidemiology in the 15 minutes
United States
2 Transmission and Pathogenesis of Tuberculosis 25 minutes
3 Testing for Tuberculosis Infection and Disease 45 minutes
4 Diagnosis of Tuberculosis 50 minutes
5 Treatment of Latent Tuberculosis Infection 55 minutes
6 Treatment of Tuberculosis Disease 100 minutes
7 Tuberculosis Infection Control 65 minutes
8 Community Tuberculosis Control 35 minutes
TOTAL 6 hours and 30 minutes
Study Questions

Study questions are included throughout each chapter to provide a review of the content and help
the reader apply the content to real-life situations. The format of the questions includes either
multiple choice or matching. For each question, select the ONE BEST ANSWER. Answers to the

study questions are available in Appendix B.

PowerPoint Slide Set

'The Core Curriculum is accompanied by a PowerPoint slide set for use in presentations and training

programs. Images of the slides are included in Appendix C. The slide set may be downloaded from
the CDC DTBE website at .

To View or Order the Core Curriculum on Tuberculosis

To view or download the Core Curriculum, please visit: www.cdc.gov/tb.

If you would like to request a print copy of the Core Curriculum, please use the CDC publication
online ordering system at www.cdc.gov/tb.

All copies are free of charge.
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Course Objectives

The overall objectives for the entire Core Curriculum are listed below.

¢ Identify TB disease trends in the United States.

¢ Describe the transmission and pathogenesis of TB.

o Identify appropriate TB testing methods.

¢ Describe the five components of a TB medical evaluation.

¢ Describe LTBI treatment regimens.

¢ Describe treatment regimens for TB disease.

e List common adverse drug reactions to TB medications.

e Discuss the three levels of an effective TB infection control program.

o Describe the roles and responsibilities for TB control and prevention in the public and private
health care sectors.

Continuing Education

Continuing education (CE) is offered free of charge for various professions based on approximately
6.5 hours of instruction. In order to receive CE credit/contact hours, you must complete an exam
and course evaluation. No minimum score is necessary to receive credit/contact hours. Upon
successful completion of the course, exam, and evaluation, your CE certificate will be issued by

CDC Training and Continuing Education Online.

Continuing Education Registration and Test

You can register and take the test for CE credits/contact hours online for the Core Curriculum.

e Origination Date: February 15, 2011
¢ Renewal Date: February 15, 2013

« Expiration Date: Check the online registration website to determine the expiration date of the
CE credits/contact hours.

Continuing Education Credits/Contact Hours

The following CE credits/contact hours are available free of charge for the Core Curriculum:

+ Continuing education units (CEUs)
The CDC has been approved as an Authorized Provider by the International Association
for Continuing Education and Training (IACET), 1760 Old Meadow Road, Suite 500,
McLean, VA 22102. The CDC is authorized by IACET to offer 0.6 ANSI/IACET CEUs

for this program.

¢ Continuing medical education (CMEj)
The CDC is accredited by the Accreditation Council for Continuing Medical Education
(ACCME") to provide continuing medical education for physicians.

Introduction to the Core Curriculum on Tuberculosis
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The CDC designates this enduring material for a maximum of 6.5 AMA PRA Category
I Credits™. Physicians should only claim credit commensurate with the extent of their
participation in the activity.

Continuing nursing education (CNEs)
The CDC is accredited as a provider of Continuing Nursing Education by the American
Nurses Credentialing Center’s Commission on Accreditation.

This activity provides 6.5 contact hours.

Continuing education contact hours in health education (CECH)

Sponsored by the CDC, a designated provider of continuing education contact hours (CECH)
in health education by the National Commission for Health Education Credentialing, Inc.
This program is designed for Certified Health Education Specialists (CHES) and/or Master
Certified Health Education Specialists (MCHES) to receive up to 6.5 Category I continuing
education contact hours. Maximum advanced level continuing education contact hours

available are 0. CDC provider number GA0082.

Online Registration and Test

To receive continuing education, you must register for this specific course and submit an evaluation
at the CDC Training and Continuing Education Online website.

Go to www?2a.cdc.gov/TCEonline

Log in as a participant. (Note: If you are a first-time user of this online system, you will need to
log in as a new participant and create a participant profile.)

» When you receive your reset password by e-mail, log in as a participant and
change the password.

At Participant Services, click on Search and Register, type a keyword from the course title into
the keyword search, such as “Core,” and click View. You can also find the course by typing in
the course number. The course number for this activity is SS1604.

Click on the title, Core Curriculum on Tuberculosis, select the type of credit/contact hours you
wish to receive at the bottom, and click Submit.

Verify the demographic information and click Submit at the bottom.
Complete the course evaluation.
Complete the course posttest (if applicable).

At Participant Services, click on Certificates and Transcripts and print your continuing
education certificate.

For assistance with the online system, call 1(800)-41-TRAIN Monday through Friday from
8:00 AM to 4:00 PM Eastern Standard Time, or e-mail ce@cdc.gov.

Disclosure Statement

CDC, our planners, and our reviewers wish to disclose they have no financial interests or other
relationships with the manufacturers of commercial products, suppliers of commercial services, or
commercial supporters. Planners have reviewed content to ensure there is no bias.
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Content does not include any discussion of the unlabeled use of a product or a product under
investigation with the exception of Levofloxacin, Moxifloxacin, Gatifloxacin, and Rifabutin.

The CDC does not accept commercial support.

Key Tuberculosis Resources

Tuberculosis Reporting, Guidelines, and Recommendations

Clinicians should immediately contact their state health department if they have a patient with
suspected or confirmed TB disease. The health department can assist in providing guidance and
overall public health management of the patient. Contact information for each state TB control
office can be found at www.cdc.gov/tb/links/tboffices.htm.

For additional information about TB guidelines and recommendations, contact
the following sources:

o CDC DTBE website: www.cdc.gov/tb

¢ TB Regional Training and Medical Consultation Centers (RTMCCs):
http://www.cdc.gov/tb/education/rtmc/default.htm

» American Lung Association: www.lungusa.org/

e American Thoracic Society: www.thoracic.org

Additional Education and Training Resources

e Find TB Resources website: www.findtbresources.org

¢ TB Regional Training and Medical Consultation Centers product list:
https://sntc.medicine.ufl.edu/rtmccproducts.aspx

Content Experts

Content experts included staff from the Centers for Disease Control and Prevention, Division of
Tuberculosis Elimination.

For Additional Information

For additional information on TB, visit the CDC DTBE website at www.cdc.gov/tb. If you have
questions on state-specific TB guidelines, please contact your state TB control office. A list of state

TB control offices can be found on the CDC DTBE website at www.cdc.gov/tb/links/tboffices.htm
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Chapter 1

Overview of Tuberculosis Epidemiology
in the United States
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Chapter Objectives

After working through this chapter, you should be able to

* Discuss progress toward tuberculosis (TB) elimination in the United States;
¢ Identify TB disease trends in the United States; and

e List the racial and ethnic groups that are disproportionately affected by TB disease in the
United States.
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Progress Toward TB Elimination in the United States

In 1989, the Centers for Disease Control and Prevention (CDC) announced the goal of eliminating
TB from the United States by the year 2010. A Strategic Plan for the Elimination of Tuberculosis in
the United States was published in 1989 and reassessed in 1999 to identify the actions necessary to
achieve elimination. The achievement of this goal was thwarted by the TB resurgence that occurred
in the late 1980s and early 1990s. This resurgence was fueled by the following factors:

o 'The onset of the human immunodeficiency virus (HIV) epidemic;

e Increases in immigration of persons from countries where TB disease was common;

e TB transmission in congregate settings; and

o 'The development of multidrug-resistant (MDR) TB.
These factors occurred at a time when decades of cuts in funding had resulted in inadequate support
for TB control and other public health efforts, and in the deterioration of TB control programs. As
a result, federal, state, and local TB control officials had very few resources for TB control activities.
Subsequently, the United States renewed its commitment to TB control in the 1990s and mobilized
new resources. In 1993, the upward trend of new TB cases reversed, and the number of new cases
has continued its decline up to and through 2011. This can be attributed to the increase in funds
and resources which enabled TB programs to improve their control efforts to

 Promptly identify persons with TB disease;

o Start appropriate treatment for persons with TB disease; and

 Ensure patients complete treatment.
Despite unprecedented low rates of TB disease, elimination of TB faces some major barriers
including

o TB disease in high-risk populations where it is difficult to detect, diagnose, and treat;

e Dersistence and growth of the global TB epidemic; and

o Limitations of current control measures and the need for new tests and treatments, including
an effective vaccine.

Chapter 1: Overview of Tuberculosis Epidemiology in the United States
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TB Disease Trends in the United States, 1982-2011

The resurgence of TB disease, which began in the mid-1980s, was marked by several years of
increasing case counts until its peak in 1992. Case counts began decreasing in 1993, and 2011
marked the 19th year of decline in the total number of TB cases reported in the United States

since the peak of the resurgence (Figure 1.1). From 1993 until 2002, the total number of TB cases
decreased 5%—7% annually. Although rates continued to decline from 2003 through 2008, it was at
a much slower rate. However, an unprecedented decline occurred in 2009, when the total number of
TB cases decreased by more than 10% from 2008 to 2009. In 2011, a total of 10,528 TB cases were
reported. This represents a decline of 5.8% from 2010 (Table 1.1).

Fig 1.1
Reported TB Cases*
United States, 1982-2011
30,000 T
25,000 T
v
a
© 20,000 -
v
e
15,000 -
g 1985-1992
g 10,000 - Resurgence
=
5,000 -
0 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1

P PP RPN TP R SLSTTTL O

Year
*Updated as of June 25, 2012.
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Table 1.1
TB Morbidity
United States, 2006-2011

Year No. Rate*
2006 13,727 4.6
2007 13,278 44
2008 12,895 4.2
2009 11,528 3.8
2010 11,171 3.6
2011 10,528 34

*Cases per 100,000, updated as of June 25,2012

While national trends indicate that there has been a decline in the overall number of cases since 1993,
cases continue to be reported. It is important to focus on local epidemiology to identify trends in
individual states or regions.

While national trends indicate that there has been a decline in the
overall number of cases since 1993, cases continue to be reported.

In 2011, a total of 38 states reported a rate less than or equal to 3.4 TB cases per 100,000, the 2011
national average. Twelve states and D.C. reported a rate above 3.4 TB cases per 100,000; these
areas accounted for 67% of the national total in 2011 and have also experienced substantial overall
decreases in cases and rates from 1992 through 2011 (Figure 1.2).

Chapter 1: Overview of Tuberculosis Epidemiology in the United States

5



Figure 1.2
TB Case Rates*
United States, 2011

I >3.4 (2011 national average)
*Cases per 100,000. I:I < 3.4

TB Case Rates by Origin

During 1993 to 2003, rates declined in both the U.S.-born and the foreign-born populations;
however, the decline was substantially less among foreign-born populations. In 2002, for the first
time, TB cases among foreign-born persons accounted for the majority (51.2%) of TB cases in the
United States. Overall, the number of cases in foreign-born persons has remained virtually level with
approximately 7,000—8,000 cases each year, until 2009 when the number dropped to 6,854. That
decreasing trend continued in 2011 with the number of cases in foreign-born persons dropping to

6,510. The number of cases in U.S.-born persons decreased from more than 17,000 in 1993 to 3,981
in 2011.

In 2002, for the first time, TB cases among foreign-born persons
accounted for the majority (51.2%) of TB cases in the United States.
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Percentage of TB Cases among Foreign-Born Persons
in the United States, 2001-2011

The percentage range of the total number of TB cases that occurred in foreign-born persons in each
state is high-lighted for 2001 and 2011 in side-by-side maps (Figure 1.3). The number of states with
less than 25% of their TB cases among foreign-born persons decreased from 13 states in 2001 to 6
states in 2011. The number of states with 25%-49% of cases among foreign-born persons decreased
from 14 states in 2001 to 11 states in 2011. However, the number of states that had 50% or more of
their cases among foreign-born persons increased from 23 states in 2001 to 34 states in 2011.

Figure 1.3
Percentage of TB Cases Among Foreign-Born Persons
United States, 2001-2011*

2001 2011

FAR

*Updated as of June 25, 2012.

Bl >50%
[ 1 25%-49%
[ ] <25%

The countries of birth of foreign-born persons reported with TB disease in the United States have
remained relatively constant since 1986. Seven countries accounted for 61% of the total cases in
foreign-born persons in 2011 (Table 1.2 and Figure 1.4).
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Table 1.2
Countries of Birth of Foreign-Born Persons
Reported with TB in the United States, 2011

Percent of Total
Country Foreign-Born Cases
in the United States
Mexico 22%
Philippines 11%
Vietnam 8%
India 8%
China 6%
Guatemala 3%
Haiti 3%
Other Countries (135) 39%
Figure 1.4

Countries of Birth of Foreign-Born Persons Reported with TB
United States, 2011

Mexico
(22%)

Other

Countries
(39%)
Philippines
(11%)
Haiti Vietnam
(3%) (8%)
Guatemala ;.. India

China
(3% (6%) (8%)
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Race and Ethnicity

Figure 1.5 shows the declining trend in TB rates by race/ethnicity during the years 2003—2011.
Asians had the highest TB rates, which declined from 29.9 per 100,000 in 2003 to 20.9 in 2011,
and had a percent decline over the time period of 30%. Rates also declined in the following racial/
ethnic groups: among non-Hispanic blacks or African-Americans, from 11.7 in 2003 to 6.3 in 2011
(-46%); among Hispanics, from 10.3 to 5.8 (-44%); among American Indians and Alaska Natives,
from 8.2 to 5.6 (-32%); and among non-Hispanic whites, from 1.4 to 0.8 (-43%). Rates decreased
among Native Hawaiian or Other Pacific Islanders after two years of increase since 2008, from 16.2
in 2003 to 15.9 in 2011(-2%).

Figure 1.5
TB Case Rates by Race/Ethnicity*
United States, 2003-2011**

35.0 1
o 30.0 1
(=]
Q  25.0 T
3
- 20.0 T
]
8 15.0 -
0
w 10.0 7
(4]
Y 50 -
0.0 T T = T T T T T T !_I
2003 2004 2005 2006 2007 2008 2009 2010 2011
Years
=§= Asian =@= Hispanic or Latino
== Native Hawaiian or Other Pacific Islander =¢= American Indian or Alaska Native
== Black or African-American == White

*All races are non-Hispanic
**Updated as of June 25, 2012.

Several important factors likely contribute to the disproportionate burden of TB in minorities,
including the following:

o Infection acquired in the country of origin in foreign-born minorities;
 Unequal distribution of TB risk factors contributing to
» An increased exposure to TB

» An increased risk of developing TB disease once infected with M. tuberculosis
(e.g., HIV infection);

 Lower socioeconomic status and the effects of crowding

Chapter 1: Overview of Tuberculosis Epidemiology in the United States
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HIV-Infected Persons

HIV-infected persons are at high risk for developing TB disease after infection with M. tuberculosis. In
the age group of 25—44 among persons reported with TB disease, the percentage of HIV coinfection
declined from a high of 29% in 1993 to 10% in 2011. In all ages, the percentage of HIV coinfection
decreased from 15% in 1993 to 6% in 2011.

Figure 1.6 provides minimum estimates of HIV coinfection among persons reported with TB from
1993 through 2011. Since the addition of the request for HIV status to the individual TB case report
in 1993, incomplete reporting has provided a challenge to calculating reliable estimates. Results from
the cross-matching of TB and AIDS registries have been used to supplement reported HIV test results.

Figure 1.6
Estimated HIV Coinfection in Persons Reported with TB
United States, 1993-2011*

30 1
25 A
20 A
15 1

10

% Coinfection

“ 6 bl«l%lqlol\lwlglulglblﬁ % Q 0 \
9 S NS LN, NA
A7 A7 A7 AT R AT AT AT AT 40T 40T 40T 40T 407 49 >
Year
=== Aged 25-44 == All Ages

*Updated as of June 25,2012

Note: Minimum estimates based on reported HIV-positive status among all TB cases in the age group.

HIV-infected persons are at high risk for developing TB
disease after infection with M. tuberculosis.
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Multidrug-Resistant TB

Multidrug-resistant TB (MDR TB) is caused by an organism that is resistant to at least isoniazid and
rifampin, the two most potent TB drugs; it is a serious public health concern. Both U.S.-born and
foreign-born persons had decreases in the number and percentage of cases of MDR TB, although the
decline in U.S.-born persons has been greater (Figure 1.7). As a result, the percentage of all primary
MDR TB cases reported and associated with being foreign born increased from approximately 25%
of all MDR TB cases in 1993 to 83% in 2011.

Figure 1.7
Primary MDRTB in U.S.-Born vs. Foreign-Born Persons
United States, 1993-2011*

% Resistant

o T T T T T T T T T T T T T T
P M* O OCN PO NI ONPOON
9”7 O 9 O O O O S PSS NN

PP FF LTI FTL ST TS LSS

Year of Diagnosis

=@~ U.S.-born  =#= Foreign-born
*Updated as of June 25, 2012.

Note: Based on initial isolates from persons with no prior history of TB. MDR TB defined as resistance to at least isoniazid
and rifampin.

Primary MDR TB cases reported in foreign-born persons increased
from approximately 25% of all MDR cases in 1993 to 83% in 2011.
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Extensively Drug-Resistant TB

Extensively drug-resistant TB (XDR TB) is a rare type of MDR TB that is resistant to isoniazid
and rifampin, plus any fluoroquinolone and at least one of three injectable second-line drugs (i.e.,
amikacin, kanamycin, or capreomycin). For 1993—2011, the annual numbers of reported XDR
TB cases, as determined by the initial drug-susceptibility test (DST), are shown below (Figure 1.8).
There is no apparent trend in the number of XDR TB cases over time in the United States. The
greatest number of cases reported in a single year that met the XDR TB case definition was 10 in
1993. There were no cases reported in 2003 or 2009. One case of XDR TB was reported in 2010
and six cases in 2011.

There is no apparent trend in the number of XDR TB
cases over time in the United States.

Figure 1.8
XDR TB Case Count Defined on Initial DST* by Year
1993-2011**
12 1

10 1
8 -

6_

Case Count

4-

2_

0 -
P P PN RSN PO OO ON
9 9SS LSS, NN
TR RTTTDTAD A A A A A A >
Year of Diagnosis
* Drug susceptibility test
** Updated as of June 25, 2012.

Note: Extensively drug-resistant TB (XDR TB) is defined as resistance to isoniazid and rifampin, plus resistance to any
fluoroquinolone and at least one of three injectable second-line anti-TB drugs.

Identifying Groups at High Risk for TB

The decrease in TB cases and MDR TB is encouraging; however, the earlier resurgence of TB
provides a valuable lesson. Every TB case is a potential outbreak. Health departments must be
prepared to identify promptly and treat persons who have active TB disease, as well as identify
and treat close contacts who may have become infected from persons with active TB disease. By
understanding which groups are at higher risk for becoming infected with M. tuberculosis, health
departments can better focus TB prevention and control efforts (Table 1.3).

Chapter 1: Overview of Tuberculosis Epidemiology in the United States
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Table 1.3
Persons at Higher Risk for Exposure to
and/or Infection with M. tuberculosis

Description

» Close contacts of persons known or suspected to have TB disease

» Foreign-born persons from areas that have a high incidence of TB disease
(e.g., Africa, Asia, Eastern Europe, Latin America, and Russia)

» Persons who visit areas with a high prevalence of TB disease, especially if
visits are frequent or prolonged

+ Residents and employees of high-risk congregate settings
(e.g., correctional facilities, long-term care facilities, and homeless shelters)

» Health-care workers who serve clients who are at increased risk for TB disease

-+ Populations defined locally as having an increased incidence of latent M. tuberculosis
infection or TB disease, possibly including medically underserved, low-income
populations, or persons who abuse drugs or alcohol

« Infants, children, and adolescents exposed to adults who are at increased risk for
latent tuberculosis infection or TB disease

Study Questions

1.1 In 2011, how many TB cases were reported from the 50 states and D.C.?
(circle the one best answer)

A. 5,466
B. 10,528
C. 21,553

1.2  Which of the following statements is true about TB case rates between 1993 and 20112
(circle the one best answer)

A. Rates increased in both foreign-born populations and U.S.-born populations.
B. Rates decreased in both foreign-born populations and U.S.-born populations.

C. Rates remained level in both foreign-born populations and U.S.-born populations.

Chapter 1: Overview of Tuberculosis Epidemiology in the United States
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The following countries of birth of foreign-born persons accounted for 61% of the total number
of TB cases in the United States in 2011. Match the country of birth with its percentage of total
TB cases among foreign-born persons. (Choose the one best answer and write the letter for the
correct answer on the line next to the question number.)

Percent of Total TB Cases in
Foreign-Born Persons in the
United States, 2011

(Answers may be used more than once)

Country of Birth

1.3 China A. 3%
1.4 Guatemala B. 6%
- 1-5 Haiti c- 8(y0
1.6 India D. 11%
. E. 22%

1.7 Mexico

1.8  Philippines

1.9 Vietham

1.10 Which of the following statements about trends in TB rates by race/ethnicity in the
United States, from 2003 to 2011, are true? (circle the one best answer)

A. Rates declined among Asians and Pacific Islanders from 29.9 per 100,000 in 2003 to
20.9 in 2011.

B. Rates declined by at least 22% among non-Hispanic blacks or African Americans,
Hispanics, American Indians and Alaska Natives, and non-Hispanic whites from
2003 to 2011.

C. Rates increased among Hispanics, from 8.1 per 100,000 in 2003 to 19.9 in 2011.
D. A, B, and C are all correct.

E. Only A and B are correct.
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1.11 Which of the following factors contribute to the disproportionate burden of TB disease in
minorities? (circle the one best answer)

A. Infection acquired in the country of origin in foreign-born minorities.

B. Unequal distribution of TB risk factors (e.g., HIV), contributing to increased
exposure to TB disease or to an increased risk of developing TB disease once
infected with M. tuberculosis.

C. Lower socioeconomic status and the effects of crowding.
D. A, B, and C are all correct.

E. Only A and B are correct.

1.12 Which of the following statements about MDR TB and XDR TB in the United States are

true? (circle the one best answer)

A. Primary MDR TB cases reported in foreign-born persons increased from approximately
25% among all MDR TB cases in 1993 to 83% in 2011.

B. There is no apparent trend in the number of XDR TB cases over time in the United States.
C. The annual number of cases of counted XDR TB cases during 1993—2011 was 160.
D. A, B, and C are correct.

E. Only A and B are correct.

1.13 Of the following persons, who is LEAST likely to be exposed to TB disease?

(circle the one best answer)

A. Trang was born in Vietnam and recently immigrated to the United States.
B. Frank lives in a homeless shelter.

C. Joshua attends high school in Canton, Ohio.

D. Ellen is a nurse at the Texas State Penitentiary at Huntsville.
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Chapter Summary

The resurgence of TB disease, which began in the mid-1980s, was marked by several years of
increasing case counts until its peak in 1992. Case counts began decreasing in 1993, and 2011
marked the 19th year of decline in the total number of TB cases reported in the United States since
the peak of the resurgence. From 1993 until 2002, the total number of TB cases decreased 5%—7%
annually. Although rates continued to decline from 2003 through 2008, it was at a much slower rate.
However, an unprecedented decline occurred in 2009, when the total number of TB cases decreased
by more than 10% from 2008 to 2009. In 2011, a total of 10,528 TB cases were reported. This
represents a decline of 5.8% from 2010.

HIV-infected persons are at high risk for developing TB disease after infection with M. tuberculosis.
In the age group of 25—44 among persons reported with TB disease, the percentage of HIV
coinfection declined from a high of 29% in 1993 to 10% in 2011. In all ages, the percentage of HIV
coinfection decreased from 15% in 1993 to 6% in 2011.

MDR TB is caused by an organism that is resistant to at least isoniazid and rifampin, the two most
potent TB drugs; it is a serious public health concern. Both U.S.-born and foreign-born persons had
decreases in the number and percentage of cases of MDR TB, although the decline in U.S.-born
persons has been greater. As a result, the percentage of all primary MDR TB cases reported and
associated with being foreign-born increased from approximately 25% of all MDR TB cases in 1993
to 83% in 2011.

There is no apparent trend in the number of XDR TB cases over time in the United States. The
greatest number of cases reported in a single year that met XDR TB case definition was 10 in 1993.
There were no cases reported in 2003 or 2009. One case of XDR TB was reported in 2010 and six
cases in 2011.
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Chapter Objectives

After working through this chapter, you should be able to

e Identify ways in which tuberculosis (TB) is spread;

e Describe the pathogenesis of TB;

e Identify conditions that increase the risk of TB infection progressing to TB disease;
¢ Define drug resistance; and

» Describe the TB classification system.
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Introduction

TB is an airborne disease caused by the bacterium Mycobacterium tuberculosis (M. tuberculosis)
(Figure 2.1). M. tuberculosis and seven very closely related mycobacterial species (M. bovis,

M. africanum, M. microti, M. caprae, M. pinnipedii, M. canetti and M. mungi) together comprise
what is known as the M. tuberculosis complex. Most, but not all, of these species have been found to
cause disease in humans. In the United States, the majority of TB cases are caused by M. mberculosis.
M. tuberculosis organisms are also called tubercle bacilli.

Figure 2.1
Mycobacterium tuberculosis

Transmission of TB

M. tuberculosis is carried in airborne particles, called droplet nuclei, of 1-5 microns in diameter.
Infectious droplet nuclei are generated when persons who have pulmonary or laryngeal TB disease
cough, sneeze, shout, or sing. Depending on the environment, these tiny particles can remain
suspended in the air for several hours. M. tuberculosis is transmitted through the air, not by surface
contact. Transmission occurs when a person inhales droplet nuclei containing M. ruberculosis, and
the droplet nuclei traverse the mouth or nasal passages, upper respiratory tract, and bronchi to reach

the alveoli of the lungs (Figure 2.2).

M. tuberculosis is carried in airborne particles, called droplet nuclei, of 1-5
microns in diameter. Infectious droplet nuclei are generated when persons
who have pulmonary or laryngeal TB disease cough, sneeze, shout, or sing.
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Figure 2.2
Transmission of TB
TB is spread from person to person through the air. The dots in the air
represent droplet nuclei containing tubercle bacilli.

Factors that Determine the Probability of M. tuberculosis Transmission

There are four factors that determine the probability of transmission of M. tuberculosis (Table 2.1).

Table 2.1
Factors that Determine the
Probability of Transmission of M. tuberculosis

Factor Description
Susceptibility Susceptibility (immune status) of the exposed individual
Infectiousness Infectiousness of the person with TB disease is directly related to the

number of tubercle bacilli that he or she expels into the air. Persons who
expel many tubercle bacilli are more infectious than patients who expel few
or no bacilli (Table 2.2) (see Chapter 7, TB Infection Control)

Environment Environmental factors that affect the concentration of M. tuberculosis
organisms (Table 2.3)

Exposure Proximity, frequency, and duration of exposure (Table 2.4)
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Table 2.2

Characteristics of a Patient with TB Disease that

Are Associated with Infectiousness

Factor

Description

Clinical

Presence of cough, especially lasting 3 weeks or longer

Respiratory tract disease, especially with involvement of the
larynx (highly infectious)

Failure to cover the mouth and nose when coughing

Inappropriate or inadequate treatment (drugs, duration)

Procedure

Undergoing cough-inducing or aerosol-generating
procedures (e.g., bronchoscopy, sputum induction,
administration of aerosolized medications)

Radiographic and laboratory

Cavitation on chest radiograph
Positive culture for M. tuberculosis

Positive AFB sputum smear result

The infectiousness of a person with TB disease is directly related to the number
of tubercle bacilli that he or she expels into the air. Persons who expel many
tubercle bacilli are more infectious than patients who expel few or no bacilli.

Chapter 2: Transmission and Pathogenesis of Tuberculosis

23




Table 2.3

Environmental Factors that Enhance the Probability that
M. tuberculosis Will Be Transmitted

Factor Description

Concentration of infectious The more droplet nuclei in the air, the more probable that

droplet nuclei M. tuberculosis will be transmitted

Space Exposure in small, enclosed spaces

Ventilation Inadequate local or general ventilation that results in insufficient
dilution or removal of infectious droplet nuclei

Air circulation Recirculation of air containing infectious droplet nuclei

Specimen handling Improper specimen handling procedures that generate
infectious droplet nuclei

Air Pressure Positive air pressure in infectious patient’s room that causes
M. tuberculosis organisms to flow to other areas

Table 2.4

Proximity and Length of Exposure Factors that Can Affect
Transmission of M. tuberculosis

Factor

Description

Duration of exposure to a person with
infectious TB

The longer the duration of exposure, the higher
the risk for transmission

Frequency of exposure to infectious person

The more frequent the exposure, the higher the
risk for transmission

Physical proximity to infectious person

The closer the proximity, the higher the risk for
transmission

Young children with pulmonary and laryngeal TB disease are less likely than adults to be infectious.
This is because children generally do not produce sputum when they cough. However, transmission
from children can occur. Therefore, children and adolescents with TB disease should be evaluated
for infectiousness using the same criteria as adults. These criteria include presence of cough lasting
3 weeks or longer; cavitation on chest radiograph; or respiratory tract disease with involvement of
lungs, airways, or larynx (see Chapter 3, Testing for Tuberculosis Infection and Disease).

Young children with pulmonary and laryngeal TB disease
are less likely than adults to be infectious.
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Study Questions

2.1 How is TB spread? (circle the one best answer)
A. From sharing eating utensils with an infected person.
B. From person to person through the air.
C. From insect bites.

D. From touching surfaces that are contaminated with M. ruberculosis.

2.2 'The probability that M. tuberculosis will be transmitted depends on...
(circle the one best answer)

A. Susceptibility (immune status) of the exposed individual.

Infectiousness of the person with TB.

B.

C. Proximity, frequency, and duration of exposure.

D. Environmental factors that affect the concentration of M. muberculosis organisms.
E.

A, B, C, and D are correct.

Are the following statements about infectiousness true or false? (Choose the one best answer and
write the letter for the correct answer on the line next to the question number.)

Statement about Infectiousness True or False

2.3 'The infectiousness of a person with TB disease is A. True
directly related to the number of tubercle bacilli

. . B. False
that he or she expels into the air.

2.4  Persons who expel few or no tubercle bacilli are
just as infectious as those who expel many bacilli.

2.5 Which of the following environmental factors do NOT increase the probability that
M. tuberculosis will be transmitted? (circle the one best answer)

A. Exposure in small enclosed spaces.

B. Inadequate local or general ventilation that results in insufficient dilution or removal of
infectious droplet nuclei.

C. Recirculation of air containing infectious droplet nuclei.
D. Improper specimen handling procedures that generate infectious droplet nuclei.
E. Negative pressure in an infectious TB patient’s room.
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Pathogenesis of TB

Infection occurs when a person inhales droplet nuclei containing tubercle bacilli that reach the
alveoli of the lungs. These tubercle bacilli are ingested by alveolar macrophages; the majority of these
bacilli are destroyed or inhibited. A small number may multiply intracellularly and are released when
the macrophages die. If alive, these bacilli may spread by way of lymphatic channels or through the
bloodstream to more distant tissues and organs (including areas of the body in which TB disease

is most likely to develop: regional lymph nodes, apex of the lung, kidneys, brain, and bone). This
process of dissemination primes the immune system for a systemic response. Further details about
pathogenesis of latent tuberculosis infection (LTBI) and TB disease are described in Figure 2.3.

Figure 2.3
Pathogenesis of LTBI and TB Disease
1.
Droplet nuclei containing
tubercle bacilli are
Area of inhaled, enter the lungs,
detail for and travel to the alveoli.
boxes 2, 4,
O . and5
2.
Bronchiole
Tubercle bacilli Tubercle bacilli multiply in
// the alveoli.
————— Alveoli
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Bone\

Brain

Larynx
—— Lymph node
Lung

Spine

—— Kidney

Special
immune cells
form a barrier

shell (in this
example,
bacilli are in
the lungs)

Shell breaks
down and

tubercle
bacilli escape
and multiply

A small number of
tubercle bacilli enter the
bloodstream and spread
throughout the body.
The tubercle bacilli may
reach any part of the
body, including areas
where TB disease is more
likely to develop (such as
the brain, larynx, lymph
node, lung, spine, bone,
or kidney).

Within 2 to 8 weeks,
special immune cells
called macrophages
ingest and surround the
tubercle bacilli. The cells
form a barrier shell, called
a granuloma, that keeps
the bacilli contained and
under control (LTBI).

If the immune system
cannot keep the tubercle
bacilli under control, the
bacilli begin to multiply
rapidly (TB disease).

This process can occur

in different areas in the
body, such as the lungs,
kidneys, brain, or bone
(see diagram in box 3).

Infection occurs when a person inhales droplet nuclei containing
tubercle bacilli that reach the alveoli of the lungs.
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Latent Tuberculosis Infection (LTBI)

Persons with LTBI have M. ruberculosis in their bodies, but do not have TB disease and cannot
spread the infection to other people. A person with UTBI is not regarded as having a case of TB. The
process of LT BI begins when extracellular bacilli are ingested by macrophages and presented to other
white blood cells. This triggers the immune response in which white blood cells kill or encapsulate
most of the bacilli, leading to the formation of a granuloma. At this point, LTBI has been
established. LTBI may be detected by using the tuberculin skin test (TST) or an interferon-gamma
release assay (IGRA) (see Chapter 3, Testing for Tuberculosis Disease and Infection). It can take 2 to
8 weeks after the initial TB infection for the body’s immune system to be able to react to tuberculin
and for the infection to be detected by the TST or IGRA. Within weeks after infection, the immune
system is usually able to halt the multiplication of the tubercle bacilli, preventing further progression.

Persons with LTBI have M. tuberculosis in their bodies, but do not
have TB disease and cannot spread the infection to other people.

TB Disease

In some people, the tubercle bacilli overcome the immune system and multiply, resulting in
progression from LTBI to TB disease (Figure 2.4). Persons who have TB disease are usually infectious
and may spread the bacteria to other people. The progression from LTBI to TB disease may occur at
any time, from soon to many years later. Body fluid or tissue from the disease site should be collected
for AFB smear and culture (see Chapter 5, Treatment for Latent Tuberculosis Infection). Positive
culture for M. tuberculosis confirms the diagnosis of TB disease. Table 2.5 indicates the differences
between LTBI and TB disease.

Persons who have TB disease may spread the bacteria to other people.
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Figure 2.4
Progression of TB
People who are exposed to M. tuberculosis may or may not develop LTBI.
People with LTBI may or may not develop TB disease.

People Exposed to M. tuberculosis

Y

Infected
with
M. tuberculosis?

No Yes

v v

Negative Positive
TST or IGRA result TST or IGRA result

* |

v v

Does not develop
LTBI or Normal Abnormal
TB disease chest radiograph chest radiograph
Not Infectious No Symptoms [ 2 Symptoms
Has LBTI May have
* positive culture

Not Infectious

v

May develop
symptoms
later in life

L————————1

Has TB Disease

May be infectious
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Table 2.5
LTBI vs. TB Disease

Person with Person with
LTBI (Infected) TB Disease (Infectious)

Has a small amount of TB bacteria in his/her Has a large amount of active TB bacteria in
body that are alive, but inactive his/her body
Cannot spread TB bacteria to others May spread TB bacteria to others
Does not feel sick, but may become sick if the May feel sick and may have symptoms
bacteria become active in his/her body such as a cough, fever, and/or weight loss
Usually has a TB skin test or TB blood test Usually has a TB skin test or TB blood test
reaction indicating TB infection reaction indicating TB infection
Radiograph is typically normal Radiograph may be abnormal
Sputum smears and cultures are negative Sputum smears and cultures may be positive
Should consider treatment for LTBI to prevent Needs treatment for TB disease
TB disease
Does not require respiratory isolation May require respiratory isolation
Not a TB case ATB case

Risk of Developing TB Disease over a Lifetime

Without treatment, approximately 5% of persons who have been infected with M. tuberculosis will
develop disease in the first year or 2 after infection, and another 5% will develop disease sometime
later in life. Thus, without treatment, approximately 10% of persons with normal immune systems
who are infected with M. tuberculosis will develop TB disease at some point in their lives.

Sites of TB Disease

TB disease can occur in pulmonary and extrapulmonary sites.

Pulmonary

TB disease most commonly affects the lungs; this is referred to as pulmonary TB. In 2011, 67% of
TB cases in the United States were exclusively pulmonary. Patients with pulmonary TB usually have
a cough and an abnormal chest radiograph, and may be infectious. Although the majority of TB
cases are pulmonary, TB can occur in almost any anatomical site or as disseminated disease.

Extrapulmonary

Extrapulmonary TB disease occurs in places other than the lungs, including the larynx, the lymph
nodes, the pleura, the brain, the kidneys, or the bones and joints. In HIV-infected persons,
extrapulmonary TB disease is often accompanied by pulmonary TB. Persons with extrapulmonary
TB disease usually are not infectious unless they have 1) pulmonary disease in addition to

Chapter 2: Transmission and Pathogenesis of Tuberculosis
30



extrapulmonary disease; 2) extrapulmonary disease located in the oral cavity or the larynx; or

3) extrapulmonary disease that includes an open abscess or lesion in which the concentration of
organisms is high, especially if drainage from the abscess or lesion is extensive, or if drainage fluid is
aerosolized. Persons with TB pleural effusions may have underlying pulmonary TB that is masked on
chest radiograph because the effusion fluid compresses the lung. These patients should be considered
infectious until pulmonary TB disease is excluded.

Miliary TB

Miliary TB occurs when tubercle bacilli enter the bloodstream and disseminate to all parts of

the body, where they grow and cause disease in multiple sites. This condition is rare but serious.
“Miliary” refers to the radiograph appearance of millet seeds scattered throughout the lung. It is most
common in infants and children younger than 5 years of age, and in severely immunocompromised
persons. Miliary TB may be detected in an individual organ, including the brain; in several organs;
or throughout the whole body. The condition is characterized by a large amount of TB bacilli,
although it may easily be missed, and is fatal if untreated. Up to 25% of patients with miliary TB
may have meningeal involvement.

Central Nervous System

When TB occurs in the tissue surrounding the brain or spinal cord, it is called tuberculous
meningitis. Tuberculous meningitis is often seen at the base of the brain on imaging studies.
Symptoms include headache, decreased level of consciousness, and neck stiffness. The duration
of illness before diagnosis is variable and relates in part to the presence or absence of other sites of
involvement. In many cases, patients with meningitis have abnormalities on a chest radiograph
consistent with old or current TB, and often have miliary TB.

Risk of LTBI Progressing to TB Disease

Anyone who has LTBI can develop TB disease, but some people are at higher risk than others (Table
2.6). HIV infection is the greatest risk factor for the development of TB disease in persons with
LTBI, due to a weakened immune system. The risk of developing TB disease is 7% to 10% each year
for persons who are infected with both M. tuberculosis and HIV and who are not receiving highly
active treatment for HIV; it is 10% over a lifetime for persons infected only with M. ruberculosis
(Figure 2.5). Children younger than 5 years of age are also at increased risk for progression of LTBI
to TB disease.
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Table 2.6

Persons at Increased Risk for Progression of LTBI to TB Disease

Persons at Increased Risk

» Persons infected with HIV;

+ Children younger than 5 years of age;

« Persons who were recently infected with M. tuberculosis (within the past 2 years);

« Persons with a history of untreated or inadequately treated TB disease, including persons with
fibrotic changes on chest radiograph consistent with prior TB disease;

+ Persons who are receiving immunosuppressive therapy such as tumor necrosis factor-alpha
(TNF) antagonists, systemic corticosteroids equivalent to/greater than 15 mg of prednisone per
day, or immunosuppressive drug therapy following organ transplantation;

» Persons with silicosis, diabetes mellitus, chronic renal failure, leukemia, or cancer of the head,

neck, or lung;

« Persons who have had a gastrectomy or jejunoileal bypass;

+ Persons who weigh less than 90% of their ideal body weight;

« Cigarette smokers and persons who abuse drugs and/or alcohol; and

+ Populations defined locally as having an increased incidence of disease due to
M. tuberculosis, including medically underserved, low-income populations.

Figure 2.5

Risk of Developing TB Disease

Risk Factor

Risk of Developing TB

Description

TB infection and
no risk factors

About 10% over a lifetime

For people with TB infection, no risk
factors, and no treatment, the risk is about
5% in the first 2 years after infection and
about 10% over a lifetime.

TB infection and
diabetes

About 30% over a lifetime

For people with TB infection and diabetes,
and with no treatment, the risk is three
times as high, or about 30% over a lifetime.

TB infection and
HIV infection

About 7% to 10% PER YEAR

For people with TB infection and
untreated HIV infection and with no LTBI
treatment, the risk is about 7% to 10% PER
YEAR, a very high risk over a lifetime.
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Anyone who has LTBI can develop TB disease, but some people are at higher
risk than others. HIV infection is the highest risk factor for development of
TB disease in persons with LTBI owing to weakening of the immune system.

Study Questions

2.6 Which statement about the difference between LTBI and TB disease is true?
(circle the one best answer)

A. Tubercle bacilli are in the body only with TB disease.

B. Persons with UTBI cannot spread TB bacteria to others.

C. Sputum smears and cultures are positive with LTBI but NOT with TB disease.
Which of the following patient characteristics indicate LTBI, TB disease, or both?

(Choose the one best answer and write the letter for the correct answer on the line next to the
question number.)

Type of TB
Patient Characteristics (Answers May Be Used
More Than Once)
2.7 Hasa positive TB skin test or TB A. LTBI

blood test reaction.

B. TB disease

C. Both LTBI and
2.9  Has TB bacteria in his/her body. TB disease

2.8 May spread TB bacteria to others.

2.10 May require respiratory isolation.

2.11 Is NOT a case of TB.
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2.12 TB disease most commonly affects which part of the body?
(choose the one best answer)

A. Bone
Lungs
Kidneys

Brain

m o N ®

None of the above

The following persons have LTBI. Which persons have factors that put them either at an
increased risk or NOT at an increased risk of progressing to TB disease?

(Choose the one best answer, and write the letter for the correct answer on the line next to the
question number.)

. Risk of Progressing
Persons with LTBI to TB Disease
2.13 Susan has osteopenia. A. Increased risk
____ 2.14 Andy has diabetes. B. Not an increased risk
2.15 Cindy is 3 years old.

Case Study—Daniel
Daniel, a 30-year-old male, visits the Jackson County Health Department for a
tuberculosis test because he is required to have one before he starts his new job at the
Brice Nursing Home. He has a positive reaction to the test. He has no symptoms of TB
and his chest x-ray findings are normal.

2.16 Should Daniel be considered a case of TB?

(circle the one best answer)
A. Yes, because he had a positive reaction to the tuberculosis test.

B. No, because he has TB infection, but no evidence of TB disease.

2.17 Should Daniel be considered infectious?
(circle the one best answer)

A. Yes, the test indicates that he has TB infection. Therefore he is infectious.

B. No, because he has TB infection, but not TB disease. Therefore he is not infectious.
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Case Study— Lorena
Lorena, a 45-year-old female, is referred to the Galion County Health Department by
her private physician because she was diagnosed with LTBI. She is obese, has high blood
pressure, and has heart problems. She reports that she has injected illegal drugs in the
past and also tested positive for HIV infection.

What conditions does Lorena have that increase the risk that she will develop TB disease?
(Choose the one best answer and write the letter for the correct answer on the line next to the
question number.)

Risk of Progressing to
TB Disease

2.18 Obesity A. Increased risk

Conditions of Persons with LTBI

2.19 High blood pressure B. Not an increased risk
2.20 Heart problems

2.21 Injection of illegal drugs

2.22 HIV

Drug-Resistant TB (MDR and XDR)

Drug-resistant TB is caused by M. tuberculosis organisms that are resistant to the drugs normally used
to treat the disease (Figure 2.6). Drug-resistant TB is transmitted in the same way as drug-susceptible
TB, and is no more infectious than drug-susceptible TB. However, delay in the recognition of drug
resistance or prolonged periods of infectiousness may facilitate increased transmission and further
development of drug resistance.
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Figure 2.6
Drug-Resistant Tuberculosis

MDR TB* XDR TB**

TB with drug with drug resistance
with any resistance to at least to the first-line drugs
drug the first-line drugs isoniazid and rifampin
resistance isoniazid and and to specific

rifampin second-line drugs

* Often resistant to additional drugs

** Resistant to any fluoroquinolone and at least one of three injectable second-line drugs
(i.e., amikacin, kanamycin, or capreomycin)

Drug-resistant TB is caused by M. tuberculosis organisms that
are resistant to the drugs normally used to treat the disease.
Drug-resistant TB is transmitted in the same way as drug-susceptible
TB, and is no more infectious than drug-susceptible TB.

Multidrug-Resistant TB

Multidrug-resistant TB (MDR TB) is caused by organisms resistant to the most effective anti-TB
drugs, isoniazid and rifampin. These drugs are considered first-line drugs and are used to treat most
persons with TB disease (see Chapter 6, Treatment of Tuberculosis Disease).

Multidrug-resistant TB (MDR TB) is caused by organisms resistant
to the most effective anti-TB drugs, isoniazid and rifampin.

Extensively Drug-Resistant TB

Extensively drug-resistant TB (XDR TB) is a relatively rare type of drug-resistant TB. XDR TB is
resistant to isoniazid and rifampin, plus any fluoroquinolone and at least one of three injectable
second-line drugs (i.e., amikacin, kanamycin, or capreomycin). Because XDR TB is resistant to
first-line and second-line drugs, patients are left with treatment options that are more toxic, more
expensive, and much less effective.
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Types of Drug-Resistant TB Disease

Drug-resistant TB disease can develop in two different ways, called primary and secondary
resistance (Table 2.7). Primary resistance occurs in persons who are initially infected with resistant
organisms. Secondary resistance, or acquired resistance, develops during TB therapy, either
because the patient was treated with an inadequate regimen, did not take the prescribed regimen
appropriately, or because of other conditions such as drug malabsorption or drug-drug interactions
that led to low serum levels.

Circumstances in which an exposed person is at an increased risk of infection with drug-resistant TB
include the following:

 Exposure to a person who has known drug-resistant TB disease;

+ Exposure to a person with TB disease who has had prior treatment for TB (treatment failure or
relapse) and whose susceptibility test results are not known;

 Exposure to a person with TB disease from an area in which there is a high prevalence of drug
resistance, or travel to one of these areas (see the World Health Organization’s “Tuberculosis:
MDR-TB & XDR-TB: The 2008 Report” for a list countries with highest prevalence of drug
resistance at www.who.int/tb/features_archive/drs_factsheet.pdf); or

» Exposure to a person who continue to have positive smear and cultures after 2 months of
combination chemotherapy.

Table 2.7
Primary and Secondary MDRTB

Primary MDRTB Secondary MDRTB

(Infected with Drug-Resistant Organisms)

(Acquired or Developed Drug Resistance)

Caused by person-to-person transmission of
drug-resistant organisms

Develops during TB treatment

« Exposure to a person who
» Has known drug-resistant TB

» Had prior treatment for TB (treatment
failure or relapse and whose
susceptibility test results are not known)

» Is from an area in which there is a high
prevalence of drug resistance

» Continues to have positive smears and
cultures after 2 months of combination
chemotherapy

- Travel in areas with a high prevalence of
drug-resistant TB disease

Develops because the patient

- Was not treated with the appropriate
treatment regimen

Or

- Did not follow the treatment regimen as
prescribed

» Took the drugs incorrectly
» Took the drugs irregularly
- Malabsorption

+ Drug-drug interactions causing low serum
levels
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Study Questions

2.23 Which of the following statements is true about drug-resistant TB disease?
(choose the one best answer)

A. Drug-resistant TB disease is transmitted in the same way as drug-susceptible TB disease.
Drug-resistant TB disease is NO more infectious than drug-susceptible TB disease.
Drug-resistant TB disease is easily treated with standard drug regimens.

A, B, and C are all correct.

m O N ®

Only A and B are correct.

2.24 Which of the following types of TB disease is caused by the organism M. tuberculosis?
(choose the one best answer.)

A. Drug-susceptible TB
MDRTB
XDR TB

A, B, and C are all correct.

m O N ®

Only A and B are correct.

What are the characteristics for each type of TB disease?
(Choose the one best answer, and write the letter for the correct answer on the line next to the
question number.)

Characteristic Type of TB

2.25 Resistant to isoniazid and rifampin, plus A. MDRTB
any fluoroquinolone, and at least one of

three injectable second-line drugs. B. XDRTB

2.26 Resistant to at least the two first-line drugs,
isoniazid and rifampin.
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What type of drug-resistant TB does each patient have?
(Choose the one best answer, and write the letter for the correct answer on the line next to the
question number.)

Patient Type of Drug-Resistant TB

2,27 Sally is diagnosed with and treated for A. Primary resistance
TB by her family physician. She is not
placed on directly observed therapy DOT;
thus she often forgets to take her anti-

TB medicine and takes only part of her
prescribed regimen. Because of inadequate
treatment, she now has MDR TB.

B. Secondary
“acquired” resistance

2.28 Li, a 13-year-old boy, immigrates from
China with his family. He gets MDR TB
from his older brother.

TB Classification System

The current clinical classification system for TB used in the United States is based on the
pathogenesis of the disease (Table 2.8). It is intended mainly as an operational framework for
public health programs. This classification system provides clinicians the opportunity to track the
development of TB in their patients. Health-care providers should comply with state and local laws
and regulations requiring the reporting of TB disease. All persons with Class 3 (clinically active) or
Class 5 (TB suspected) TB should be reported promptly to the local or state health department. A

patient should not have a Class 5 classification for more than 3 months.
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Table 2.8

TB Classification System

Class Type Description
0 No TB exposure No history of TB exposure and no evidence of
Not infected M. tuberculosis infection or disease
Negative reaction to TST or IGRA
1 TB exposure History of exposure to M. tuberculosis
No evidence of infection Negative reaction to TST or IGRA
(given at least 8 to 10 weeks after exposure)
2 TB infection Positive reaction to TST or IGRA
NoTB disease Negative bacteriological studies
(smear and cultures)
No bacteriological or radiographic evidence of
active TB disease
3 TB clinically active Positive culture for M. tuberculosis OR
Positive reaction to TST or IGRA, plus clinical, bacteriological,
or radiographic evidence of current active TB
4 Previous TB disease May have past medical history of TB disease
(not clinically active) Abnormal but stable radiographic findings
Positive reaction to the TST or IGRA
Negative bacteriologic studies
(smear and cultures)
No clinical or radiographic evidence of current
active TB disease
5 TB suspected Signs and symptoms of active TB disease, but medical

evaluation not complete
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Study Questions

What is the TB classification for each of the following patients?
(Choose the one best answer, and write the letter for the correct answer on the line next to the
question number.)

Patient

TB Classification

2.29

2.30

2.31

2.32

2.33

2.34

Sonya has a positive reaction to a TST. There is
no bacteriological or radiographic evidence of

TB disease.

Luke has signs and symptoms of TB disease,
but his medical evaluation is not complete.

Sergei has a past medical history of TB disease.
His radiographic findings are abnormal, but
stable. He has a positive reaction to an IGRA.
Both smear and culture results are negative and
there is no clinical or radiographic evidence of
current TB disease.

Joseph has a history of exposure to
M. tuberculosis and a negative TST result.

Louisa has no history of TB exposure and no
evidence of M. tuberculosis infection or disease.
She had a negative IGRA result.

Rosella has a positive culture for
M. tuberculosis.

No exposure
Not infected

TB exposure

No evidence of infection

TB infection
No TB disease

TB, clinically active

Previous TB disease
(not clinically active)

TB disease suspected

Chapter Summary

TB is an airborne disease caused by the bacterium Mycobacterium tuberculosis (M. ruberculosis).

M. tuberculosis and seven very closely related mycobacterial species (M. bovis, M. africanum,

M. microti, M. caprae, M. pinnipedii, M. canetti and M. mungi) together comprise what is known as
the M. tuberculosis complex. Most, but not all, of these species have been found to cause disease in
humans. In the United States, the majority of TB cases are caused by M. ruberculosis. M. tuberculosis
organisms are also called tubercle bacilli.

M. tuberculosis is carried in airborne particles, called droplet nuclei, of 1-5 microns in diameter.
Infectious droplet nuclei are generated when persons who have pulmonary or laryngeal TB disease
cough, sneeze, shout, or sing. Depending on the environment, these tiny particles can remain
suspended in the air for several hours. M. tuberculosis is transmitted through the air, not by surface
contact. Transmission occurs when a person inhales droplet nuclei containing M. ruberculosis, and
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the droplet nuclei traverse the mouth or nasal passages, upper respiratory tract, and bronchi to reach
the alveoli of the lungs.

TB disease most commonly affects the lungs; this is referred to as pulmonary TB disease. In 2009,
71% of TB cases in the United States were exclusively pulmonary. Patients with pulmonary TB disease
usually have a cough and an abnormal chest radiograph, and may be infectious. Although the majority
of TB cases are pulmonary, TB can occur in almost any anatomical site or as disseminated disease.

Persons with LTBI have M. tuberculosis in their bodies, but do not have TB disease and cannot spread
the infection to other people. A person with LTBI is not regarded as a case of TB disease. The process
of LTBI begins when extracellular bacilli are ingested by macrophages and presented to other white
blood cells. This triggers the immune response in which white blood cells kill or encapsulate most of
the bacilli, leading to the formation of a granuloma. At this point, UTBI has been established. ITBI
may be detected by using the TST or IGRA. It can take 2 to 8 weeks after the initial TB infection

for the body’s immune system to be able to react to tuberculin and for the infection to be detected

by the TST or IGRA. Within weeks after infection, the immune system is usually able to halt the
multiplication of the tubercle bacilli, preventing further progression.

In some people, the tubercle bacilli overcome the immune system and multiply, resulting in
progression from LTBI to TB disease. Persons who have TB disease are usually infectious and may
spread the bacteria to other people. The progression from LTBI to TB disease may occur soon or
many years after infection. Body fluid or tissue from the disease site should be collected for AFB
smear and culture. Positive culture for M. tuberculosis confirms the diagnosis of TB disease.

Drug-resistant TB disease can develop in two different ways, called primary and secondary resistance.
Primary resistance occurs in persons who are initially exposed to and infected with resistant organisms.
Secondary resistance, or acquired resistance, develops during TB therapy, either because the patient
was treated with an inadequate regimen or did not take the prescribed regimen appropriately, or
because of other conditions such as drug malabsorption or drug-drug interactions that led to low
serum levels.

MDR TB is caused by organisms resistant to both isoniazid and rifampin, which are the two most
effective anti-TB drugs. These drugs are considered first-line drugs and are used to treat most persons
with TB disease.

XDR TB is a relatively rare type of drug-resistant TB. XDR TB is resistant to both isoniazid

and rifampin, plus any fluoroquinolone and at least one of three injectable second-line drugs

(i.e., amikacin, kanamycin, or capreomycin). Because XDR TB disease is resistant to first-line and
second-line drugs, patients are left with treatment options that are more toxic, more expensive,
and much less effective.

The current clinical classification system for TB used in the United States is based on the pathogenesis
of the disease. It is intended mainly as an operational framework for public health programs. This
classification system provides clinicians the opportunity to track the development of TB in their
patients. Health-care providers should comply with state and local laws and regulations requiring

the reporting of TB disease. All persons with Class 3 (clinically active) or Class 5 (TB suspected) TB
should be reported promptly to the local or state health department. A patient should not have a
Class 5 classification for more than 3 months.
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Chapter Objectives

After working through this chapter, you should be able to

¢ Describe why high-risk groups should be tested for M. tuberculosis infection;
e Identify appropriate testing methods for M. ruberculosis infection;
o Identify special considerations when using tuberculin skin tests (TSTs); and

« Discuss general recommendations for the use of interferon-gamma release assays (IGRAs).
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Introduction

Targeted testing is a TB control strategy that is used to identify, evaluate, and treat persons who are
at high risk for latent tuberculosis infection (LTBI) or at high risk for developing TB disease once
infected with M. tuberculosis. Identifying persons with LTBI is important to the goal of TB control
and elimination because treatment of LTBI can prevent infected persons from developing TB

disease and stop the further spread of TB. All testing activities should be accompanied by a plan for
appropriate follow-up medical evaluation and treatment. Necessary medical evaluation and treatment
resources need to be identified before testing activities begin.

Targeted testing is a TB control strategy that is used to identify, evaluate, and
treat persons who are at high risk for latent tuberculosis infection (LTBI) or
at high risk for developing TB disease once infected with M. tuberculosis.

Study Question

3.1 Why is targeted testing conducted? (circle the one best answer)

G. To identify, evaluate, and treat persons who are at high risk for latent tuberculosis
infection.

H. To identify, evaluate, and treat persons who are at high risk for developing TB disease
once infected with M. tuberculosis.

I. To identify the strain of TB bacteria that a patient may have so the correct treatment
regimen can be provided.

J. A, B, and C are all correct.

K. Only A and B are correct.

Identifying High-Risk Groups for M. tuberculosis Testing

As part of their routine evaluation, health-care providers should identify and test persons who are
at high risk for acquiring TB infection or at high risk of progressing to TB disease if infected. In
some select settings, active case finding may be more appropriate than testing for M. tuberculosis
infection. Flexibility is needed in defining high-risk groups for testing. The changing epidemiology
of TB indicates that the risk for TB disease or LTBI among groups currently considered high risk
may decrease over time, and groups currently not identified as being at risk may subsequently be
considered high risk (see Chapter 1, Overview of Tuberculosis Epidemiology in the United States).

Evaluation of Persons with Positive TB Test Results

Health-care or other (e.g., correctional) facilities should consult with their local health department
before starting a testing program, to ensure resources are available for the evaluation and treatment of
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persons whose test results for LTBI or TB disease are positive. Persons with a positive test result for
TB infection should be evaluated for TB disease and, if disease is ruled out, considered for treatment
of LTBI (see Chapter 5, Treatment of Latent Tuberculosis Infection).

Health-care or other (e.g., correctional) facilities should consult with
their local health department before starting a testing program to
ensure there are resources available for the evaluation and treatment
of persons whose test results for LTBI or TB disease are positive.

Follow-up TSTs or IGRAs and serial chest radiographs are unnecessary for persons who have a
positive test result for TB infection and who have had TB disease ruled out or for persons who refuse
or are unable to receive treatment for LTBI. These persons should be educated about the signs and
symptoms of TB disease (Figure 3.1).

Figure 3.1
Evaluation of Persons with Positive TB Test Results

Person has a positive test
for TB infection

v

TB disease ruled out

v

Consider for LTBI treatment

g | v
Person accepts and is able to If person refuses or is unable
receive treatment for LTBI to receive treatment for LTBI,
* follow-up TST or IGRA and serial
chest radiographs are unnecessary
Develop a plan of *
treatment with patient to
ensure adherence Educate patient about signs and
symptoms of TB disease
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Study Question

3.2 Which of the following statements about evaluating persons with a positive TB test is
true? (circle the one best answer)

A. Dersons with a positive test for TB infection should be evaluated for TB disease and, if
disease is ruled out, considered for treatment of LTBI.

B. Ifa person refuses or is unable to receive treatment for LTBI, follow-up TST or IGRA
tests and serial chest radiographs are unnecessary.

C. All persons who have a positive test result for TB infection should receive LTBI treatment.
D. A, B, and C are all correct.

E. Only A and B are correct.

Testing Methods for TB Infection

Selection of the most suitable test(s) for detection of M. tuberculosis infection should be based on

the reasons and the context for testing, test availability, and overall cost effectiveness of testing.
Currently, there are two methods available for the detection of M. ruberculosis infection in the United
States. The tests are:

e Mantoux tuberculin skin test (TST)

o Interferon-gamma release assays (IGRAs)
» QuantiFERON-TB Gold In-Tube test (QFT-GIT)
» T-SPOT.TB test

Currently, there are two methods available for the detection of
M. tuberculosis infection in the United States. The tests are:

« Mantoux tuberculin skin test (TST)

« Interferon-gamma release assays (IGRAs)

These tests help clinicians differentiate infected from uninfected people. However, a negative reaction
to any of the tests does not exclude the diagnosis of LTBI or TB disease. The decisions about
medical or public health management should include epidemiological, historical, and other clinical
information when using IGRA or TST results. Decisions should not be based on TST or IGRA
results alone. Additional tests are needed to diagnose TB disease. A comparison of the TST and the
IGRA is included in Table 3.1.

A negative reaction to a TST or IGRA does not exclude
the diagnosis of LTBI or TB disease.
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The decisions about medical or public health management should include
epidemiological, historical, and other clinical information when using IGRA
or TST results. Decisions should not be based on TST or IGRA results alone.

Table 3.1
TST vs IGRAs
TST IGRA
Tuberculin is injected under the Blood is drawn for testing; test measures
skin and produces a delayed-type the immune response to the TB bacteria in
hypersensitivity reaction if the person whole blood
has been infected with M. tuberculosis
Requires two or more patient visits to Requires one patient visit to conduct the test

conduct the test

Results are available 48 to 72 hours later | Results can be available in 24 hours
(depending on the batching of specimens
by the laboratory and transport)

Can cause booster phenomenon Does not cause booster phenomenon

Reading by HCW may be subjective Laboratory test not affected by HCW
perception or bias

BCG vaccination can cause false- BCG vaccination does not cause false-

positive result positive result and infection with most

nontuberculous mycobacteria does not
cause false-positive result

A negative reaction to the test A negative reaction to the test does not
does not exclude the diagnosis of exclude the diagnosis of LTBI or TB disease
LTBI or TB disease

Mantoux Tuberculin Skin Test (TST)

The TST is used to determine if a person is infected with M. tuberculosis. In this test, a substance
called purified protein derivative (PPD), which is derived from tuberculin, is injected under the skin.
Typically PPD produces a T-cell mediated delayed-type hypersensitivity reaction if the person has
been infected with M. tuberculosis. In most people who have TB infection, the immune system will
recognize the PPD because it is extracted from the tubercle bacilli that caused the infection. It takes
2 to 8 weeks after initial infection with M. muberculosis for the immune system to be able to react to

PPD and for the infection to be detected by the TST.

The TST is used to determine if a person is infected with M. tuberculosis.
In this test, a substance called PPD is injected under the skin.
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It takes 2 to 8 weeks after initial infection with M. tuberculosis
for the body’s immune system to be able to react to PPD
and for the infection to be detected by the TST.

In some people who are infected with M. tuberculosis, the ability to react to PPD may wane over the
years. When these people receive a TST many years after infection, they may have an initial negative
reaction. Subsequent TSTs may produce a positive reaction (see Boosted Reaction in this chapter).

Administering the TST

The TST is performed by intradermal injection of 0.1 ml of PPD containing 5 tuberculin units into
the volar surface of the forearm. The injection should be made with a disposable 27-gauge tuberculin
syringe, intradermally (just beneath the surface of the skin), with the needle bevel facing upward.
This should produce a discrete, pale elevation of the skin (a wheal) 6 mm to 10 mm in diameter
(Figure 3.2). Institutional guidelines regarding universal precautions for infection control (e.g., the
use of gloves) should be followed (see Chapter 7, TB Infection Control).

The TST is performed by intradermal injection of 0.1 ml of PPD
containing 5 tuberculin units into the volar surface of the forearm.

Reading the TST

The reaction to the TST should be assessed 48 to 72 hours after the injection by a health-care worker
trained to read TST results. Reactions to PPD usually begin 5 to 6 hours after injection, reach a
maximum at 48 to 72 hours, and subside over a period of a few days. However, positive reactions
often persist for up to 1 week or longer. Health-care workers should not ask patients to read their
own skin test.

The reaction to the TST should be assessed 48 to 72 hours after the
injection by a health-care worker trained to read TST results.

The TST is read by palpating the site of injection to find an area of induration (firm swelling).
The diameter of the indurated area should be measured across the forearm (Figure 3.3). Erythema
(redness) should not be measured (Figure 3.4). Induration should be recorded in millimeters, even
those classified as negative. If no induration is found, “0 mm” should be recorded.

The TST is read by palpating the site of injection to find an area of induration
(firm swelling). The diameter of the indurated area should be measured across
the forearm (Figure 3.3). Erythema (redness) should not be measured.
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Figure 3.2
Administering the Mantoux TST

Figure 3.3 Figure 3.4
Reading the TST Correctly Reading the TST Incorrectly
Only the induration is being measured. The erythema is being measured.
This is CORRECT. This is INCORRECT.

The correct example below measures 10 mm.  The incorrect example below measures 30 mm.
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Interpreting TST Reactions

Interpretation of TST reactions depends on the measurement (in millimeters) of induration and the
person’s risk of acquiring TB infection or the risk of progression to TB disease if infected (Table 3.2).

Induration of 5 or more millimeters is interpreted as a positive result in the following groups:

» HIV-infected persons;

» Recent contacts of persons with infectious TB disease;

e Persons with fibrotic changes on a chest radiograph consistent with prior TB; and

e Patients with organ transplants and other immunosuppressed patients (including patients

receiving the equivalent of > 15 mg/day of prednisone for > 1 month).

Induration of 10 millimeters or more is interpreted as a positive result in persons who do not meet
the preceding criteria, but who have other risk factors for TB. These include the following:

¢ Recent arrivals to the United States (< 5 years) from high-prevalence areas (e.g., Africa, Asia,
Eastern Europe, Latin America, and Russia);
¢ Injection drug users;

 Residents and employees of high-risk congregate settings (e.g., correctional facilities, long-term
care facilities, homeless shelters, and hospitals);

» Mycobacteriology laboratory personnel;

e Persons with medical conditions that increase the risk for progression to TB disease, including
silicosis, diabetes mellitus, chronic renal failure, certain types of cancer (e.g., leukemia and
lymphomas, or cancer of the head, neck, or lung), gastrectomy or jejunoileal bypass, and
weight loss of at least 10% below ideal body weight;

e Children younger than 5 years of age; and

e Infants, children, and adolescents exposed to adults in high-risk categories.
An induration of 15 millimeters or greater is interpreted as a positive result in persons with
no known risk factors for TB who, except for certain testing programs required by local law or

regulation, would otherwise not be tested. Targeted testing programs should only be conducted
among higher risk groups.

Interpretation of TST reactions depends on the measurement (in
millimeters) of the induration and the person’s risk of acquiring TB
infection or the risk of progression to TB disease if infected.
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Table 3.2

Interpreting the TST Reaction

5 or more millimeters

10 or more millimeters

15 or more millimeters

An induration of 5 or more
millimeters is considered
positive for

» HIV-infected persons

» Recent contacts of persons
with infectious TB

» People who have fibrotic
changes on a chest
radiograph

- Patients with organ
transplants and other
immunosuppressed
patients (including patients
taking a prolonged course
of oral or intravenous
corticosteroids or TNF-a
antagonists)

An induration of 10 or more
millimeters is considered
positive for

« People who have come to
the United States within
the last 5 years from areas
of the world where TB is
common (for example,
Asia, Africa, Eastern Europe,
Russia, or Latin America)

« Injection drug users

« Mycobacteriology lab
workers

» People who live or work
in high-risk congregate
settings

» People with certain
medical conditions that
place them at high risk
for TB (silicosis, diabetes
mellitus, severe kidney
disease, certain types
of cancer, and certain
intestinal conditions)

+ Children younger than
5 years of age

« Infants, children, and
adolescents exposed
to adults in high-risk
categories

An induration of 15 or more
millimeters is considered
positive for

 People with no known risk
factors for TB

TST False-Positive Reactions

The TST is a valuable tool, but it is not perfect. Several factors can lead to false-positive or false-

negative skin test reactions (Table 3.3). Infection with nontuberculous mycobacteria can sometimes
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cause a false-positive reaction to the TST. Another cause of a false-positive reaction is BCG (bacille
Calmette-Guérin), a vaccine for TB disease that is rarely used in the United States. People who have
been vaccinated with BCG may have a positive reaction to the TST even if they do not have TB
infection (see BCG Vaccination in this chapter).

A false-positive reaction may also occur if an incorrect antigen is used or when the results are not
measured or interpreted properly.

People who have been vaccinated with BCG may have a positive
reaction to the TST even if they do not have TB infection.

TST False-Negative Reactions

Some people have a negative reaction to the TST even though they have been infected with
M. tuberculosis. A false-negative reaction can be caused by many things (Table 3.3).

Some people have a negative reaction to the TST even
though they have been infected with M. tuberculosis.

Anergy

A common cause of false-negative reactions is anergy. Anergy is the inability to react to a TST
because of a weakened immune system. The absence of a reaction to a TST does not exclude a
diagnosis of TB disease or infection with M. ruberculosis. Anergy may be caused by many factors,
including advanced HIV infection, other acute or chronic bacterial, viral or fungal infections,
sarcoidosis, poor nutrition, certain medications (e.g., TNF-alpha blockers or oral steroids),

live virus vaccinations, TB disease itself, and other factors. HIV-infected persons may have a
compromised ability to react to TST because of cutaneous anergy associated with progressive HIV
immunosuppression; however, the usefulness of anergy testing in tuberculin-negative, HIV-infected
persons who might benefit from treatment of LT'BI has not been demonstrated.

Factors causing false-negative reactions may include, but are not limited to, the following:

 Concurrent viral infection (e.g., measles, mumps, chicken pox, HIV);

 Concurrent bacterial infection (e.g., typhoid fever, brucellosis, typhus, leprosy, pertussis);
¢ Concurrent fungal infection;

¢ Chronic renal failure;

¢ Low protein states (e.g., severe protein depletion, afibrinogenemia);

¢ Diseases affecting lymphoid organs (e.g., Hodgkin’s disease, lymphoma, chronic leukemia,
sarcoidosis);

e Immunosuppressive drugs (e.g., medical steroids);
e Children aged 6 months or less or elderly patients (i.e., immature or waning immunity);

e Stress (e.g., surgery, burns, mental illness, graft-versus-host reactions);
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e Incorrect storage or handling of antigen or results that are not measured or interpreted
properly;
 Vaccinations using live virus; or

e Recent TB infection.

Vaccinations

Vaccination with live viruses may interfere with TST reactivity and cause false-negative reactions;
this includes measles, mumps, rubella, oral polio, varicella, yellow fever, BCG, and oral typhoid. For
persons scheduled to receive TST and live virus vaccines, the testing should be done either on the
same day as vaccination or at least 1 month after vaccination to minimize the potential for a false-
negative TST reaction.

Infection occurs within 8 weeks of skin testing

False-negative TST reactions may occur if the TB infection occurred within 8 weeks of skin testing.
For this reason, it is recommended that contacts of a person with infectious TB disease who have a
negative reaction to the initial TST be retested at least 8 weeks after the last time they were in contact
with the person who has infectious TB disease.

False-negative TST reactions may occur if the TB infection
occurred within 8 weeks of skin testing.
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Table 3.3

False-Positive and False-Negative Reactions to the TST

Type of Reaction

Possible Cause

People at Risk

False-positive

Nontuberculous mycobacteria
(NTM)

People infected with NTM

BCG vaccination

People vaccinated with BCG

Administering of incorrect antigen

Any person being tested

Incorrect interpretation of TST result

Any person being tested

False-negative

Anergy

HIV-infected people, other people
with weakened immune systems,
severe TB disease, and some viral
illness (e.g., measles, mumps, and
chicken pox) or bacterial infection
(e.g., typhoid, etc.)

Recent TB infection

People infected with M. tuberculosis
within the past 8 weeks

Concurrent viral infection

People injected with a live-virus
vaccination

Concurrent bacterial infection

People with typhoid fever,
brucellosis, typhus, leprosy,
pertussis

Concurrent fungal infection

People with fungal infection

Chronic renal failure

People with renal failure

Low protein states

People with severe protein
depletion or afibrinogenemia

Diseases affecting lymphoid organs

People with Hodgkin’s disease,
lymphoma, chronic leukemia,
sarcoidosis

Immunosuppressive drugs

People taking medical steroids, TNF-
alpha blockers or comparable drugs

Very young or elderly persons

Newborns or elderly patients with
immature or waning immunity

Stress

People who have had surgery,
burns, mental illness, graft-versus-
host reactions

Incorrect storage or handling of
antigen, administering the TST, or
results that are not measured or
interpreted properly

Any person being tested
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Special Considerations When Using TST

Boosted Reaction

The booster phenomenon occurs mainly in previously infected, older adults whose ability to react
to tuberculin has waned over time (Figure 3.5). When these people are skin tested many years after
they were infected with M. ruberculosis, they may have an initial negative reaction. However, if they
are tested again within a year of the first test, they may have a positive reaction. This is because the
first TST “triggered the memory” of the immune system, boosting its ability to react to the second
TST. It may appear that these people were infected between the first and second tests (recent TB
infection). The second, positive test reaction is actually a boosted reaction due to TB infection that
occurred a long time ago. These people may still be considered for LTBI treatment if they fit into a
high-risk category for progression to TB disease.

The booster phenomenon occurs mainly in previously infected,
older adults whose ability to react to tuberculin has waned over time.

Figure 3.5
The TST Booster Phenomenon

A person is infected
with M. tuberculosis.

As the years pass, the
person’s ability to react to
The person is skin tested. tuberculin lessens.

v

The person has a negative reaction. This is
because over time, the person’s ability to react to
tuberculin lessens. However, this skin test
“triggers the memory” of the immune system to
recognize and react to tuberculin.

v

The person is skin tested again, up to 1 year
later. For this example, we assume that the
person was NOT exposed to TB during this time.

* Occurs mainly in previously
infected, older adults
whose ability to react to
tuberculin has decreased
over time.

The person has
a positive reaction. This is a boosted
reaction due to TB infection that occurred a long
time ago, not during the time between the
two skin tests.
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Two-step TST Testing

Two-step testing is a strategy used to reduce the likelihood that a boosted reaction will be
misinterpreted as a recent infection (Figure 3.6). Two-step testing should be used for the initial skin
testing of persons who will be retested periodically, such as health-care workers.

Two-step testing is a strategy used to reduce the likelihood that a
boosted reaction will be misinterpreted as a recent infection.

If the reaction to the first test is classified as negative, a second test should be repeated 1 to 3 weeks
later. A positive reaction to the second test probably represents a boosted reaction. On the basis

of this second test result, the person should be classified as previously infected. This would not be
considered a skin test conversion or a new TB infection; however, the patient may still be a candidate
for LTBI treatment. If the second test result is also negative, the person should be classified as having
a negative baseline TST result.

Figure 3.6
Two-Step TST Testing

Baseline skin test

What is

Negative Positive
the
v Reaction?
Retest Person probably

1-3 weeks later has TB infection

Y v

Follow-up for
positive TST and evaluate
for LTBI treatment

What is
the
Reaction?

Negative Positive

\ 4

ST The reaction is considered a boosted reaction
does NOT have . . .
B infection (due to TB infection that occurred a long time ago).
Note: The person does have LTBI; a decision must be
* made whether to treat or not.
Repeat TST at *

regular intervals;
a positive reaction

could beduetoa
recent TB infection.

Follow-up for
positive TST and evaluate
for LTBI treatment
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Pregnant Women

TST is both safe and reliable throughout the course of pregnancy. Pregnant women should receive a
TST if they have a specific risk factor for acquiring LTBI or for progression of LTBI to TB disease.
No documented episodes of TST-related fetal harm have been reported since the test was developed,
and no evidence exists that the TST has adverse effects on the pregnant mother.

TST is both safe and reliable throughout the course of pregnancy.

Occupational Exposure

Guidelines for interpreting TST reactions should also be applied to persons who may have
occupational exposure to TB (e.g., health-care workers; staff of nursing homes, drug treatment
centers, or correctional facilities). Thus, the appropriate cutoff for defining a positive reaction
depends on the employee’s individual risk factors for TB, including recent TB exposure and the
prevalence of TB in the facility (based on facility risk assessment). In facilities where the risk of
exposure is very low, 15 mm or greater induration may be an appropriate cut-off for employees with
no other known risk factors.

Residents and employees of high-risk congregate facilities should be tested for TB with the two-step
method upon employment or entry into the facility, and thereafter at intervals determined by the
annual risk assessment in that facility (see Chapter 7, TB Infection Control).

Residents and employees of high-risk congregate facilities should be tested for
TB with the two-step method upon employment or entry into the facility and
thereafter at intervals determined by the annual risk assessment in that facility.
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Study Questions

3.3 A negative reaction to a TST or IGRA does not exclude the diagnosis of LTBI or TB
disease. (circle the one best answer)

A. True
B. False

3.4 After TB has been transmitted, how long does it take for the body’s immune system to be
able to react to tuberculin?

(circle the one best answer)
A. 48 to 72 hours

B. 7 to 10 days

C. 2o 8 weeks

D. 6 months or more

What induration size is considered a positive TST reaction for the following people?

(Choose the one best answer and write the letter for the correct answer on the line next to the
question number.)

Persons Who Received a TST Size of Induration

3.5  Prieta lives in a homeless shelter in El Paso A. 5 or more millimeters
and has poor access to health care. .
B. 10 or more millimeters
3.6 Gloria has no known risk factors for TB. .
C. 15 or more millimeters

3.7 Elwood has HIV infection.
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Match the factors associated with TST with the appropriate term.
(Choose the one best answer and write the letter for the correct answer on the line next to the
question number.)

Factors Associated with TST Terms
3.8 Mainly occurs in previously infected, older | A. False-positive skin test
adults whose ability to react to tuberculin reaction

has lessened over time. . .
B. False-negative skin test

3.9 May occur in people who have been reaction
vaccinated with BCG.
C. Anergy
3.10 Should be used for initial skin testing of D. Boosted reaction

persons who will be retested periodically.
E. Two-step testing
3.11 May occur in people who were recently

infected with M. tuberculosis.

3.12 Is the inability to react to a TST because of
a weakened immune system.

3.13 Is it safe for a pregnant woman to have a TST?
(choose the one best answer)

A. Yes
B. No
Case Study—Bret
Bret comes to the county health department for a TST. He believes that he has been

exposed to TB, and he knows he is at high risk for TB disease because he is HIV infected.
He is given a TST, and his reaction is read 48 hours later as 0 millimeters of induration.

3.14 Which of the following reasons is a possible interpretation for this result?
(circle the one best answer)

A. He may not have TB infection.

It may be less than 8 weeks since he was exposed to TB.

He may be anergic.

A, B, and C are all correct.

mo N w

Only A and B are correct.
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Interferon-Gamma Release Assays (IGRASs)

IGRAs detect the presence of M. tuberculosis infection by measuring the immune response to TB
proteins in whole blood. IGRAs cannot differentiate between LTBI and active TB disease. As with
the TST, additional tests are needed to diagnose or rule out TB disease. IGRAs may be used for
surveillance purposes or to identify people who are likely to benefit from treatment, including people
who are or will be at increased risk of progression to TB disease if infected with M. ruberculosis.

Two IGRAs are commercially available and approved by the U.S. Food and Drug Administration
(FDA) as aids in diagnosing M. tuberculosis infection:

¢ QuantiFERON®-TB Gold In-Tube test (QFT-GIT); and
o T-Spot®. 7B test.

IGRAs identify the presence of M. tuberculosis infection by measuring
the immune response to the TB proteins in whole blood. IGRAs cannot
differentiate between LTBI and active TB disease. As with the TST,
additional tests are needed to diagnose or rule out TB disease.

IGRAs may be used for surveillance purposes or to identify people who
are likely to benefit from treatment, including people who are or will be at
increased risk of progression to TB disease if infected with M. tuberculosis.

General Recommendations for the Use of IGRAs

An IGRA may be used in place of (but not in addition to) a TST in all situations in which
CDC recommends a TST as an aid in diagnosing M. tuberculosis infection, with the preferences
and specific considerations noted below (Table 3.4).

o Preferred for testing persons from groups that historically have poor rates of return for

TST reading.

o Preferred for testing persons who have received BCG (as a vaccine or for cancer therapy)
(see BCG Vaccination in this chapter).

 Generally should not be used for testing children younger than 5 years of age unless used
in conjunction with TST.

e May be used in place of TST to test recent contacts of persons with infectious TB disease
with special considerations for follow-up testing:

» IGRAs offer the possibility of detecting M. ruberculosis infection with greater specificity
than with a TST;

» Data on the ability of IGRAs to predict subsequent TB are limited;

» If IGRAs are to be used in contact investigations, negative results obtained prior to 8 weeks
typically should be confirmed by repeating the test 8 to 10 weeks after the end of exposure;

» Use of the same test for repeat testing will minimize misclassification errors that occur due
to test discordance.
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¢ May be used in place of a TST for periodic screening that addresses occupational exposure to
TB disease (e.g., surveillance programs for health-care workers).

« IGRAs do not boost subsequent test results and can be completed following a single patient
visit.

 Routine testing with both a TST and an IGRA is not recommended; however, results from
both tests may be useful in the following situations when the initial test is negative:

» When the risk of infection, the risk of progression from infection to disease, and the risk
of a poor outcome are high (e.g., HIV infection, children under 5 years of age who are
exposed to persons with infectious TB); or

» When there is clinical suspicion for TB disease (e.g., signs, symptoms, and/or radiographic
evidence suggestive of TB disease) and confirmation of M. rmuberculosis infection is desired.

 Routine testing with both a TST and an IGRA is not recommended; however, results from
both tests may be useful in the following situations when the initial test is positive:

» Additional evidence of infection is required to encourage compliance (e.g., foreign-born
health-care workers who believe their positive TST is due to BCG); and

» In healthy persons who have a low risk of both infection and progression from infection to

TB disease.
¢ Repeating an IGRA or performing a TST may be useful when the initial IGRA result is

indeterminate, borderline, or invalid, and a reason for testing persists.

 Each institution and TB control program should evaluate the availability, overall cost
effectiveness, and benefits of the use of IGRAs.

An IGRA may be used in place of (but not in addition to) TST in all situations in
which CDC recommends TST as an aid in diagnosing M. tuberculosis infection.

As with the TST, IGRAs generally should not be used for testing persons who have a low risk for
both infection and disease attributable to M. tuberculosis (with exception of those who are likely to
be at increased risk in the future) because screening such persons diverts resources from TB control
activities of higher priority and increases the number of false-positive results.
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Table 3.4

Recommendations for the Use of IGRAs

Category Recommended Not Recommended
Groups + Preferred for groups that historically have poor + Children younger than 5
for use rates of return for TST reading years of age unless it is used
+ Preferred for persons who have received BCG (as in conjunction with TST
a vaccine or for cancer therapy) « Persons at low risk of
infection
+ Persons at low risk of disease
due to M. tuberculosis (except
those who are likely to be at
increased risk in the future)
In place  Recent contacts of persons with TB disease with
of TST special considerations for follow-up testing
» If IGRAs are used in contact investigations,
negative results obtained prior to 8 weeks
typically should be confirmed by repeating
the test 8 to 10 weeks after the end of
exposure
» Use of the same test for repeat testing will
minimize misclassification errors that occur
due to test discordance
« Periodic screening that addresses occupational
exposure to TB disease (e.g., surveillance
programs for health workers)
Testing Results from both tests may be useful when the Routine testing with both TST
with initial test is negative and IGRA
both L .
TSTand | ° When the following risks are high
IGRA » Risk of infection

» Risk of progression from infection to disease
» Risk of a poor outcome

« When there is clinical suspicion for active TB
and confirmation of M. tuberculosis infection is
desired
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- Additional evidence of infection is required to

Category Recommended Not Recommended
Testing Results from both tests may be useful in the Routine testing with both TST
with following situations when the initial test is and IGRA

both positive:

TST and

IGRA . .

encourage compliance (e.g., foreign-born health-
care workers who believe their positive TST is due
to BCG); and

+ In healthy persons who have a low risk of both
infection and progression from infection to TB
disease.

Study Questions

Match the characteristic with the type of TB test.
(Choose the one best answer and write the letter for the correct answer on the line next to the

question number.)

R 3-17

3.18

3.19
3.20
3.21

3.22

3.23

Characteristic Type of TB Test
3.15 Used to detect TB infection. A. TST
3.16 Blood is drawn for the test. B. IGRA

PPD is injected for the test.

Requires two or more patient visits to
conduct test.

Requires one patient visit to conduct test.

Results need to be read in 48—72 hours.
Results can be available in 24 hours.

BCG vaccination can cause false-positive
result.

BCG vaccination does not cause false-
positive result.

C. Both TST and IGRA
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BCG Vaccination

The bacille Calmette-Guérin (BCG) vaccine is a live, attenuated (weakened) vaccine derived from a
strain of Mycobacterium bovis that was developed over several years by Calmette and Guérin at the
Pasteur Institute in Lille, France. An early version of BCG was first administered to humans in 1921.
Since that time, many different strains have been derived and used throughout the world. BCG
vaccination is not generally recommended in the United States because of the low risk of infection
with M. tuberculosis, the variable efficacy of the BCG vaccine against pulmonary TB, the low risk of
severe disseminated TB disease in young children in the United States, and the vaccine’s interference
with the ability to determine TST reactivity. Many highly TB-prevalent countries vaccinate infants
with BCG as part of their TB control effort to prevent children from contracting severe disseminated
TB or TB meningitis.

BCG vaccination is not generally recommended in the United States
because of the low risk of infection with M. tuberculosis, the variable
efficacy of the BCG vaccine against pulmonary TB, the low risk of severe
disseminated TB disease in young children in the United States and the
vaccine’s interference with the ability to determine TST reactivity.

Recommendations for the Use of BCG Vaccination in the United States

The BCG vaccine may be considered in limited circumstances for selected persons who meet specific
criteria. The use of the BCG vaccine should be undertaken only after consultation with local health
departments and experts in the management of TB.

Recent BCG vaccination may cause a subsequent false positive reaction to the TST. Thus, it may
complicate decisions to prescribe treatment for LI BI for BCG-vaccinated persons who have a
positive TST result. In such cases, an IGRA would be the test of choice for LT'BI diagnosis.

Recent BCG vaccination may cause a subsequent false positive reaction
to the TST. Thus, it may complicate decisions to prescribe treatment
for LTBI for BCG-vaccinated persons who have a positive TST result.
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Infants and Children

In the United States, BCG vaccination should only be considered for those children who have a
negative TST or IGRA result and who are continually exposed to, and cannot be separated from,
adults who:

o Are untreated or ineffectively treated for TB disease (if the child cannot be given long-term
treatment for infection); or

« Have TB disease caused by strains resistant to isoniazid and rifampin.

The BCG vaccination is contraindicated in children infected with HIV.

BCG vaccination is contraindicated in children infected with HIV.

Health-Care Workers

BCG vaccination of health-care workers should be considered on an individual basis in
settings in which:

¢ A high percentage of TB patients are infected with M. tuberculosis strains resistant to
both isoniazid and rifampin;

e Transmission of such drug-resistant M. tuberculosis strains to health-care workers and
subsequent infection are likely; and

» Comprehensive TB infection control precautions have been implemented and have

not been successful.

BCG vaccination should not be required for employment or for assignment of health-care workers
in specific work areas. Health-care workers considered for BCG vaccination should be counseled
regarding the risks and benefits associated with both BCG vaccination and treatment of LTBI. BCG
vaccination is contraindicated in health-care workers who are infected with HIV.

Contraindications to BCG Vaccination

BCG is contraindicated in persons who have an impaired immune system from the following:

o HIV infection;

» Congenital immunodeficiency;

e Leukemia;

e Lymphoma;

¢ Generalized malignancy;

 High-dose steroid therapy;

o Alkylation agents;

o Antimetabolites; or

 Radiation therapy.
It is also prudent to avoid giving BCG vaccination to pregnant women, although no harmful effects
of BCG on the fetus have been observed.
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BCG vaccination should not be given to pregnant women.

Interpretation of TB Testing Results in BCG-Vaccinated Persons

The TST or IGRA is not contraindicated for persons who have been vaccinated with BCG.

The TST or IGRA results are used to support decisions about the diagnosis of infection with

M. tuberculosis. TST in persons vaccinated with BCG should be interpreted using the same criteria
for those not BCG vaccinated. The booster phenomenon may occur among persons who have had
a prior BCG vaccination.

The TST or IGRA is not contraindicated for persons who have been
vaccinated with BCG. The TST or IGRA results are used to support
decisions about the diagnosis of infection with M. tuberculosis.

TST in persons vaccinated with BCG should be interpreted using the
same criteria for those not BCG vaccinated. The booster phenomenon
may occur among persons who have had a prior BCG vaccination.

Study Questions

3.24 Which of the following statements about recommendations for using BCG in the United
States is true?

(choose the one best answer)

A. Should NOT be given to pregnant women.

Should be used for children infected with HIV.

Should be required for employment of all health-care workers.

A, B, and C are all correct.

m O n ®

Only A and B are correct.
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Case Study— Anshuman
Anshuman recently immigrated from India. He is given a TST that results in an
induration of 14 millimeters. He reports that he was vaccinated with BCG as a child. He
also says that his wife was treated for pulmonary TB disease last year.

Are the following statements about how to interpret Anshuman’s results true or false?
(Choose the one best answer and write the letter for the correct answer on the line next to the
question number.)

Statement True or False
3.25 He has a positive reaction to the TST. A. True
3.26 He is a contact of a person with pulmonary TB. B. False

3.27 ‘'There is no reliable way to distinguish a positive TST
reaction caused by BCG or from a true TB infection.

3.28 Because he was vaccinated with BCG there is no need
to evaluate him further.

3.29 He should be further evaluated for LTBI or TB

disease.

Which of the following factors make it more likely that Anshuman’s positive reaction is due to
TB infection? (Choose the one best answer and write the letter for the correct answer on the line
next to the question number.)

Factor Yes or No

3.30 He is from an area of the world where TB is common, | A. Yes, a factor
so he was probably exposed to TB in

; ) B. No, nota
his native country.

factor

3.31 His wife has had pulmonary TB, which further
increases the probability that he has been exposed
to TB.

3.32 He had BCG as a child, not as an adult.
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Chapter Summary

Targeted testing is a TB control strategy that is used to identify, evaluate, and treat persons who are
at high risk for LTBI or at high risk for developing TB disease once infected with M. tuberculosis.
Identifying persons with LTBI is important to the goal of TB control and elimination because
treatment of LTBI can prevent infected persons from developing TB disease and stop the further
spread of TB. All testing activities should be accompanied by a plan for appropriate follow-up
medical evaluation and treatment. Necessary medical evaluation and treatment resources need to be
identified before testing activities begin.

As part of their routine evaluation, health-care providers should identify and test persons who are
at high risk for acquiring TB infection or at high risk for progressing to TB disease if infected. In
some select settings, active case finding may be more appropriate than testing for M. tuberculosis
infection. Flexibility is needed in defining high-risk groups for testing. The changing epidemiology
of TB indicates that the risk for TB disease or LI BI among groups currently considered high risk
may decrease over time, and groups currently not identified as being at risk may subsequently be

considered high risk.

Selection of the most suitable test(s) for detection of M. tuberculosis infection should be based on

the reasons and the context for testing, test availability, and overall cost effectiveness of testing.
Currently, there are two methods available for the detection of M. tuberculosis infection in the United
States. The tests are:

e Mantoux tuberculin skin test (TST)

o Interferon-gamma release assays (IGRAs)
» QuantiFERON-TB Gold In-Tube test (QFT-GIT)
» 'T-Spot®. TB test

The TST is used to determine if a person is infected with M. ruberculosis. In this test, a substance
called purified protein derivative (PPD), which is derived from tuberculin, is injected under the skin.
Typically PPD produces a T-cell mediated delayed-type hypersensitivity reaction if the person has
been infected with M. tuberculosis. In most people who have TB infection, the immune system will
recognize the PPD because it is extracted from the tubercle bacilli that caused the infection. It takes
2 to 8 weeks after initial infection with M. tuberculosis for the body’s immune system to be able to

react to PPD and for the infection to be detected by the TST.

The booster phenomenon occurs mainly in previously infected, older adults whose ability to react

to tuberculin has waned over time. When these people are skin tested many years after they were
infected with M. tuberculosis, they may have an initial negative reaction. However, if they are tested
again within a year of the first test, they may have a positive reaction. This is because the first TST
“triggered the memory” of the immune system, boosting its ability to react to the second TST. It may
appear that these people were infected between the first and second tests (recent TB infection). The
second, positive test reaction is actually a boosted reaction due to TB infection that occurred a long
time ago. These people may still be considered for LTBI treatment if they fit into a high-risk category
for progression to TB disease.
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IGRAs identify the presence of M. tuberculosis infection by measuring the immune response to the
TB proteins in whole blood. These tests cannot differentiate between LTBI and active TB disease. As
with the TST, additional tests are needed to diagnose or rule out TB disease. IGRAs may be used for
surveillance purposes or to identify people who are likely to benefit from treatment, including people
who are or will be at increased risk of progression to TB disease if infected with M. tuberculosis.

The bacille Calmette-Guérin (BCG) vaccine is a live, attenuated (weakened) vaccine derived from a
strain of Mycobacterium bovis that was developed by Calmette and Guérin at the Pasteur Institute in
Lille, France. An early version of BCG was first administered to humans in 1921. Since that time,
many different strains have been derived and used throughout the world. BCG vaccination is not
generally recommended in the United States because of the low risk of infection with M. tuberculosis,
the variable efficacy of the BCG vaccine against pulmonary TB, the low risk of severe disseminated
TB disease in young children in the United States, and the vaccine’s interference with the ability

to determine TST reactivity. Many highly TB-prevalent countries vaccinate infants with BCG as
part of their TB control effort to prevent children from contracting severe disseminated TB or TB
meningitis.
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Chapter 4

Diagnosis of Tuberculosis Disease
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Chapter Objectives

After working through this chapter, you should be able to

¢ Describe the five components of a TB medical evaluation;

o Identify the major components of TB diagnostic microbiology;
e List at least five symptoms of pulmonary TB disease;
 Explain the purpose and significance of acid-fast bacilli (AFB);
 Explain the purpose and significance of the culture; and

 Explain the purpose and significance of genotyping.
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Introduction

Tuberculosis (TB) is not as common as it was many years ago in the United States; consequently,
clinicians do not always consider the possibility of TB disease when evaluating patients who have
symptoms. As a result, the diagnosis of TB disease may be delayed or even overlooked, and the
patient may remain ill and possibly infectious for a prolonged period.

Not all persons with TB disease have symptoms; however, most persons with TB disease have one or
more symptoms that lead them to seek medical care. All persons with symptoms of TB disease, or
either a positive tuberculin skin test (T'ST) or an interferon-gamma release assay (IGRA) indicative
of M. tuberculosis infection, should be medically evaluated to exclude TB disease.

Not all persons with TB disease have symptoms; however, most persons with
TB disease have one or more symptoms that lead them to seek medical care.

All persons with symptoms of TB disease, or either a positive
TST or IGRA indicative of M. tuberculosis infection, should
be medically evaluated to exclude TB disease.

Study Question

4.1 All persons with symptoms of TB disease, or a positive TST or IGRA result indicating
M. tuberculosis infection, should be medically evaluated to exclude TB disease.
(choose the one best answer)

C. True
D. False
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Medical Evaluation

A complete medical evaluation for TB disease includes the following five components:
1. Medical history
2. Physical examination
3. Test for M. tuberculosis infection
4. Chest radiograph

5. Bacteriologic examination of clinical specimens.

1. Medical History

When conducting a medical history, the clinician should ask if any symptoms of TB disease are
present; if so, for how long, and if there has been known exposure to a person with infectious

TB disease. Equally important is obtaining information on whether or not the person has been
diagnosed in the past with latent tuberculosis infection (LT'BI) or TB disease. Clinicians may also
contact the local health department for information on whether a patient has a past history of TB
infection or disease. If the previous treatment regimen for TB disease was inadequate or if the patient
did not adhere to therapy, TB disease may recur and possibly be drug-resistant. It is important to
consider demographic factors (e.g., country of origin, age, ethnicity, occupation, or racial group)
that may increase the patient’s risk for being exposed to TB infection (see Chapter 2, Transmission
and Pathogenesis of Tuberculosis). Clinicians should determine if the patient has underlying medical
conditions, especially human immunodeficiency virus (HIV) infection or diabetes, that increase the
risk for progression to TB disease in those latently infected with M. ruberculosis.

Clinicians should determine if the patient has underlying medical
conditions, especially HIV infection and diabetes, that increase the risk for
progression to TB disease in those latently infected with M. tuberculosis.

As discussed in Chapter 2, Transmission and Pathogenesis of Tuberculosis, TB disease most
commonly affects the lungs and is referred to as pulmonary TB disease. Pulmonary TB disease
usually causes one or more of the symptoms indicated in Table 4.1.

TB disease most commonly affects the lungs and
is referred to as pulmonary TB disease.
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Extrapulmonary TB disease may cause symptoms related to the part of the body that is affected
(Table 4.1). For example, TB of the spine may cause back pain; TB of the kidney may cause blood
in the urine; TB meningitis may cause headache or confusion. Extrapulmonary TB disease should
be considered in the differential diagnosis of ill persons who have systemic symptoms and who are at

high risk for TB disease.

Both pulmonary and extrapulmonary TB disease symptoms can be caused by other diseases;
however, they should prompt the clinician to consider TB disease.

Both pulmonary and extrapulmonary TB disease symptoms
can be caused by other diseases; however, they should
prompt the clinician to consider TB disease.

Table 4.1
Symptoms of Pulmonary and Extrapulmonary TB Disease
Symptoms of Symptoms of
Pulmonary TB Disease Possible Extrapulmonary TB Disease
(TB disease usually causes (Depends on the part of the body
one or more of the symptoms) that is affected by the disease)
« Cough (especially if lasting for 3 weeks or « TB of the kidney may cause blood in the urine

longer) with or without sputum production S
ger) P P - TB meningitis may cause headache or

+ Coughing up blood (hemoptysis) confusion
+ Chest pain + TB of the spine may cause back pain
« Loss of appetite  TB of the larynx can cause hoarseness
« Unexplained weight loss + Loss of appetite
 Night sweats - Unexplained weight loss
- Fever + Night sweats
 Fatigue  Fever
- Fatigue
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Study Questions

Match the patient symptoms with the type of TB.
(Choose the one best answer and write the letter for the correct answer on the line next to the
question number.)

Patient Symptoms Type of TB
4.2 Regina has back pain and blood in her A. Pulmonary TB

urine, unexplained weight loss, fever,
fatigue, loss of appetite.

B. Extrapulmonary TB

4.3 Maria has a cough, loss of appetite, and
unexplained weight loss. She has also been

coughing up blood.

2. Physical Examination

A physical examination is an essential part of the evaluation of any patient. It cannot be used to
confirm or rule out TB disease, but it can provide valuable information about the patient’s overall
condition, inform the method of diagnosis, and reveal other factors that may affect TB disease
treatment, if diagnosed.

A physical examination is an essential part of the evaluation of
any patient. It cannot be used to confirm or rule out TB disease,
but it can provide valuable information about the patient’s overall
condition, inform the method of diagnosis, and reveal other
factors that may affect TB disease treatment, if diagnosed.

Study Question

4.4 A physical examination can be used to confirm and rule out TB disease.
(circle the one best answer)

A. True
B. False
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3. Test for M. tuberculosis Infection

Selection of the most suitable tests for detection of M. tuberculosis infection should be based on

the reasons and the context for testing, test availability, and overall cost effectiveness of testing.
Currently, there are two methods available for the detection of M. tuberculosis infection in the United
States. The tests are:

¢ Mantoux tuberculin skin test (TST) (Figure 4.1); and

¢ Interferon-gamma release assays (IGRAs)*
» QuantiFERON-TB Gold In-Tube test (QFT-GIT) (Figure 4.2);
» T-SPOT".7B test (Figure 4.3).

*See Chapter 3, Testing for Tuberculosis Infection and Control

Figure 4.1 Figure 4.2 Figure 4.3
Mantoux Tuberculin QuantiFERON-TB Gold T-SPOT®.TB Test
Skin Test In-Tube Test (QFT-GIT)

These tests help clinicians differentiate people infected with M. tuberculosis from those uninfected.
However, a negative reaction to any of the tests does not exclude the diagnosis of TB disease or LTBI
(see Chapter 3, Testing for Tuberculosis Infection and Disease).

TST and QFT tests help clinicians differentiate people infected with
M. tuberculosis from those uninfected. However, a negative reaction to
any of the tests does NOT exclude the diagnosis of TB disease or LTBI.

Study Question

4.5 A negative reaction for a TST or IGRA test excludes a person from having TB disease.
(choose the one best answer)

A. True
B. False
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4. Chest Radiograph

With pulmonary TB being the most common form of disease, the chest radiograph is useful for
diagnosis of TB disease. Chest abnormalities can suggest pulmonary TB disease (Figure 4.4). A
posterior-anterior radiograph of the chest is the standard view used for the detection of TB-related
chest abnormalities. In some cases, especially in children, a lateral view may be helpful.

Figure 4.4
Chest Radiograph with Lower Lobe Cavity

In some instances, a computerized tomography (CT) scan may provide additional information. A
CT scan provides more detailed images of parts of the body that cannot easily be seen on a standard
chest radiograph; however, CT scans can be substantially more expensive.

In pulmonary TB disease, radiographic abnormalities are often seen in the apical and posterior
segments of the upper lobe or in the superior segments of the lower lobe. However, lesions may
appear anywhere in the lungs and may differ in size, shape, density, and cavitation, especially in HIV-
infected and other immunosuppressed persons. Radiographic abnormalities in children tend to be
minimal with a greater likelihood of lymphadenopathy, more easily diagnosed on the lateral film.

Mixed nodular and fibrotic lesions may contain slowly multiplying tubercle bacilli and have the
potential for progression to TB disease. Persons who have lesions consistent with findings of “old”
TB disease on a chest radiograph and have a positive TST reaction or positive IGRA result should
be considered high-priority candidates for treatment of LTBI (see Chapter 5, Treatment for Latent
Tuberculosis Infection), but only after TB disease is excluded by obtaining three specimens for
AFB smear and culture because “old” TB cannot be differentiated from active TB disease based on
radiographic appearance alone. Conversely, fully calcified, discrete, nodular lesions without fibrosis
likely represent granulomas and pose a lower risk for future progression to TB disease.
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In HIV-infected persons, pulmonary TB disease may present with atypical findings or with no
lesions seen on the chest radiograph. The radiographic appearance of pulmonary TB disease in
persons infected with HIV might be typical; however, cavitary disease is less common among such
patients. More common chest radiograph findings for HIV-infected persons include infiltrates in
any lung zone, mediastinal or hilar adenopathy, or, occasionally, a normal chest radiograph. Typical
cavitary lesions are usually observed in patients with higher CD4 counts, and more atypical patterns
are observed in patients with lower CD4 counts because cavitation is thought to occur as a result of
the immune response to TB organisms. In HIV-infected persons, almost any abnormality on a chest
radiograph may be indicative of TB disease. In patients with symptoms and signs of TB disease, a
negative chest radiograph result does not exclude TB disease.

Abnormalities seen on chest radiographs may be suggestive of, but are never diagnostic of, TB
disease. Chest radiographs may be used to exclude pulmonary TB disease in an HIV-negative person
who has a positive TST reaction or IGRA and who has no symptoms or signs of TB disease.

Abnormalities seen on chest radiographs may be suggestive of, but are
never diagnostic of, TB disease. Chest radiographs may be used to exclude
pulmonary TB disease in a person with a normal immune system who has a

positive TST reaction or IGRA and who has no symptoms or signs of TB disease.

Study Question

4.6 Chest radiographs may be used to exclude pulmonary TB disease in an HIV-negative
person who has a positive TST reaction or IGRA and who has no symptoms or signs of
TB disease. (choose the one best answer)

A. True
B. False

5. Bacteriologic Examination of Clinical Specimens

Examinations of clinical specimens (e.g., sputum, urine, or cerebrospinal fluid) are of critical
diagnostic importance. The specimens should be examined and cultured in a laboratory that
specializes in testing for M. ruberculosis. The bacteriologic examination has five parts:

e Specimen collection, processing, and review

o AFB smear classification and results

e Direct detection of M. ruberculosis in clinical specimen using nucleic acid amplification (NAA)
¢ Specimen culturing and identification

¢ Drug-susceptibility testing
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Specimen Collection, Processing, and Review

For diagnostic purposes, all persons suspected of having TB disease at any site should have sputum
specimens collected for an AFB smear and culture, even those without respiratory symptoms. At least
three consecutive sputum specimens are needed, each collected in 8- to 24-hour intervals, with at
least one being an early morning specimen. If possible, specimens should be obtained in an airborne
infection isolation (AII) room or other isolated, well-ventilated area (e.g., outdoors) (Figure 4.5).

For diagnostic purposes, all persons suspected of having TB disease
at any site should have sputum collected for TB culture. At least three
consecutive sputum specimens are needed, each collected in 8- to 24-

hour intervals, with at least one being an early morning specimen.

Figure 4.5
TB Patient Coughing Up Sputum

A 'TB patient has coughed up sputum and is spitting it into a sterile
container. The patient is sitting in a special sputum collection booth
that, if properly ventilated, prevents the spread of tubercle bacilli.

For diagnostic purposes, all persons suspected of having TB disease
should have sputum collected for AFB smear and culture.

During specimen collection, patients produce an aerosol that may be hazardous to health-care
workers or other patients in close proximity. For this reason, precautionary measures for infection
control must be followed during sputum induction, bronchoscopy, and other common diagnostic

procedures (see Chapter 7, TB Infection Control).
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During specimen collection, patients produce an aerosol that may be
hazardous to health-care workers or other patients in close proximity.

Specimen Collection Methods for Pulmonary TB Disease

There are four specimen collection methods for pulmonary TB disease (Table 4.2):

« Coughing

¢ Induced sputum

» Bronchoscopy

 Gastric aspiration
Coughing— Coughing is the most commonly used method of sputum collection. Coughing
should be supervised to ensure that sputum is collected correctly. A health-care worker wearing the
recommended personal protective equipment should coach and directly supervise the patient when
sputum is collected (Figure 4.6). Patients should be informed that sputum is the material brought

up from the lungs, and that mucus from the nose or throat and saliva are not good specimens.
Unsupervised patients are less likely to provide an adequate specimen, especially the first time.

Patients should be informed that sputum is the material
brought up from the lungs, and that mucus from the nose
or throat and saliva are not good specimens.

Figure 4.6
Patient Coughing Up Sputum

Sputum Induction— For patients unable to cough up sputum, deep sputum-producing coughing
may be induced by inhalation of an aerosol of warm, sterile, hypertonic saline (3%-5%). Because
induced sputum is very watery and resembles saliva, it should be labeled “induced” to ensure that the
laboratory staff workers do not discard it.
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