
T
uberculosis has recently
reemerged as a major
health concern. Each
year, approximately 2
million persons world-

wide die of tuberculosis and 9 mil-
lion become infected.1 In the United
States, approximately 14000 cases
of tuberculosis were reported in 2006,
a 3.2% decline from the previous
year; however, 20 states and the
District of Columbia had higher
rates.2 The prevalence of tuberculo-
sis is continuing to increase because
of the increased number of patients
infected with human immunodefi-
ciency virus, bacterial resistance to
medications, increased international
travel and immigration from coun-
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tries with high prevalence, and the
growing numbers of the homeless
and drug abusers.3 With 2 billion
persons, a third of the world popu-
lation,1 estimated to be infected
with mycobacteria, all nurses, regard-
less of area of care, need to under-
stand the pathophysiology, clinical
features, and procedures for diagno-
sis of tuberculosis. The vulnerability
of hospitalized patients to tubercu-
losis is often underrecognized because
the infection is habitually considered
a disease of the community. Most
hospitalized patients are in a subop-
timal immune state, particularly in
intensive care units, making exposure
to tuberculosis even more serious
than in the community. By under-
standing the causative organism,
pathophysiology, transmission, and
diagnostics of tuberculosis and the
clinical manifestations in patients,
critical care nurses will be better
prepared to recognize infection,
prevent transmission, and treat this
increasingly common disease.

Causative Organism 
Tuberculosis is an infection

caused by the rod-shaped,
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A closed-book, multiple-choice examination fol-
lows this article, which tests your knowledge of
the following objectives:

1. Identify 3 reasons why the prevalence of
tuberculosis is continuing to increase

2. List at least 2 diagnostic tests for tuberculosis
3. Describe 2 medically challenging physiological

characteristics of tuberculosis caused by the
lipid barrier of mycobacteria.
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non–spore-forming, aerobic bacterium
Mycobacterium tuberculosis.4 Mycobac-
teria typically measure 0.5 μm by 3
μm, are classified as acid-fast bacilli,
and have a unique cell wall structure
crucial to their survival. The well-
developed cell wall contains a con-
siderable amount of a fatty acid,
mycolic acid, covalently attached to
the underlying peptidoglycan-bound
polysaccharide arabinogalactan,
providing an extraordinary lipid
barrier. This barrier is responsible
for many of the medically challeng-
ing physiological characteristics of
tuberculosis, including resistance to
antibiotics and host defense mecha-
nisms. The composition and quantity
of the cell wall components affect
the bacteria’s virulence and growth
rate.5 The peptidoglycan polymer
confers cell wall rigidity and is just
external to the bacterial cell mem-
brane, another contributor to the
permeability barrier of mycobacte-
ria. Another important component
of the cell wall is lipoarabinomannan,
a carbohydrate structural antigen on
the outside of the organism that is
immunogenic and facilitates the sur-
vival of mycobacteria within macro -
phages.5,6 The cell wall is key to the
survival of mycobacteria, and a more
complete understanding of the biosyn-
thetic pathways and gene functions
and the development of antibiotics
to prevent formation of the cell wall
are areas of great interest.6

Transmission
Mycobacterium tuberculosis is

spread by small airborne droplets,
called droplet nuclei, generated by
the coughing, sneezing, talking, or
singing of a person with pulmonary
or laryngeal tuberculosis. These
minuscule droplets can remain air-
borne for minutes to hours after
expectoration.5 The number of
bacilli in the droplets, the virulence
of the bacilli, exposure of the bacilli
to UV light, degree of ventilation,
and occasions for aerosolization all
influence transmission.7 Introduc-
tion of M tuberculosis into the lungs
leads to infection of the respiratory
system; however, the organisms can
spread to other organs, such as the
lymphatics, pleura, bones/joints,
or meninges, and cause extrapul-
monary tuberculosis.

Pathophysiology
Once inhaled, the infectious

droplets settle throughout the air-
ways. The majority of the bacilli are
trapped in the upper parts of the
airways where the mucus-secreting
goblet cells exist. The mucus pro-
duced catches foreign substances,
and the cilia on the surface of the
cells constantly beat the mucus and
its entrapped particles upward for
removal.8 This system provides the
body with an initial physical defense
that prevents infection in most per-
sons exposed to tuberculosis.9

Bacteria in droplets that bypass
the mucociliary system and reach the
alveoli are quickly surrounded and
engulfed by alveolar macrophages,7,8

the most abundant immune effector
cells present in alveolar spaces.10

These macrophages, the next line of
host defense, are part of the innate
immune system and provide an
opportunity for the body to destroy
the invading mycobacteria and pre-
vent infection.11 Macrophages are
readily available phagocytic cells that
combat many pathogens without
requiring previous exposure to the
pathogens. Several mechanisms and
macrophage receptors are involved
in uptake of the mycobacteria.11 The
mycobacterial lipoarabinomannan is
a key ligand for a macrophage recep-
tor.12 The complement system also
plays a role in the phagocytosis of
the bacteria.13 The complement pro-
tein C3 binds to the cell wall and
enhances recognition of the mycobac-
teria by macrophages. Opsonization
by C3 is rapid, even in the air spaces
of a host with no previous exposure
to M tuberculosis.14 The subsequent
phagocytosis by macrophages initi-
ates a cascade of events that results
in either successful control of the
infection, followed by latent tuber-
culosis, or progression to active dis-
ease, called primary progressive
tuberculosis.8 The outcome is essen-
tially determined by the quality of
the host defenses and the balance
that occurs between host defenses
and the invading mycobacteria.11,15

After being ingested by macro-
phages, the mycobacteria continue
to multiply slowly,8 with bacterial
cell division occurring every 25 to 32
hours.4,7 Regardless of whether the
infection becomes controlled or pro-
gresses, initial development involves
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production of proteolytic enzymes
and cytokines by macrophages in an
attempt to degrade the bacteria.11,12

Released cytokines attract T lym-
phocytes to the site, the cells that
constitute cell-mediated immunity.
Macrophages then present myco -
bacterial antigens on their surface
to the T cells.11 This initial immune
process continues for 2 to 12 weeks;
the microorganisms continue to grow
until they reach sufficient numbers
to fully elicit the cell-mediated
immune response, which can be
detected by a skin test.4,8,11

For persons with intact cell-
mediated immunity, the next defen-
sive step is formation of granulomas
around the M tuberculosis organisms16

(Figure 1). These nodular-type
lesions form from an accumulation
of activated T lymphocytes and
macrophages, which creates a micro-
environment that limits replication
and the spread of the mycobacte-
ria.8,12 This environment destroys
macro phages and produces early
solid necrosis at the center of the
lesion; however, the bacilli are able
to adapt to survive.18 In fact, M
tuberculosis organisms can change
their phenotypic expression, such as
protein regulation, to enhance sur-
vival.13 By 2 or 3 weeks, the necrotic
environment resembles soft cheese,
often referred to caseous necrosis,
and is characterized by low oxygen
levels, low pH, and limited nutri-
ents. This condition restricts fur-
ther growth and establishes latency.
Lesions in persons with an adequate
immune system generally undergo
fibrosis and calcification, success-
fully controlling the infection so
that the bacilli are contained in the
dormant, healed lesions.18 Lesions
in persons with less effective immune

systems progress to primary pro-
gressive tuberculosis.4,8,13,18

For less immunocompetent per-
sons, granuloma formation is initi-
ated yet ultimately is unsuccessful
in containing the bacilli. The necrotic
tissue undergoes liquefaction, and
the fibrous wall loses structural
integrity. The semiliquid necrotic
material can then drain into a
bronchus or nearby blood vessel,
leaving an air-filled cavity at the
original site. In patients infected
with M tuberculosis, droplets can be

coughed up from the bronchus and
infect other persons. If discharge
into a vessel occurs, occurrence of
extrapulmonary tuberculosis is likely.
Bacilli can also drain into the lym-
phatic system and collect in the tra-
cheobronchial lymph nodes of the
affected lung, where the organisms
can form new caseous granulomas.18

Clinical Manifestations
As the cellular processes occur,

tuberculosis may develop differently
in each patient, according to the

36 CRITICALCARENURSE Vol 29, No. 2, APRIL 2009 www.ccnonline.org

Figure 1 Pathophysiology of tuberculosis: inhalation of bacilli (A), containment in a
granuloma (B), and breakdown of the granuloma in less immunocompetent individu-
als (C).
Images courtesy of Centers for Disease Control and Prevention.17
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contain the infection by
forming granulomas.

In weaker immune 
systems, the wall loses
integrity and the bacilli
are able to escape and
spread to other alveoli
or other organs.

A

B

C

 by AACN on January 13, 2018http://ccn.aacnjournals.org/Downloaded from 

http://ccn.aacnjournals.org/


www.ccnonline.org CRITICALCARENURSE Vol 29, No. 2, APRIL 2009 37

status of the patient’s immune sys-
tem. Stages include latency, primary
disease, primary progressive disease,
and extrapulmonary disease. Each
stage has different clinical manifes-
tations (Table 1).

Latent Tuberculosis
Mycobacterium tuberculosis

organisms can be enclosed, as previ-
ously described, but are difficult to
completely eliminate.15 Persons with
latent tuberculosis have no signs or
symptoms of the disease, do not feel
sick, and are not infectious.19 How-
ever, viable bacilli can persist in the
necrotic material for years or even a
lifetime,9 and if the immune system
later becomes compromised, as it
does in many critically ill patients,
the disease can be reactivated.

Although coinfection with human
immunodeficiency virus is the most
notable cause for progression to
active disease, other factors, such
as uncontrolled diabetes mellitus,
sepsis, renal failure, malnutrition,
smoking, chemotherapy, organ
transplantation, and long-term cor-
ticosteroid usage, that can trigger
reactivation of a remote infection
are more common in the critical
care setting.8,19 Additionally, persons
65 years or older have a dispropor-
tionately higher rate of disease than
any does other age group,20 often
because of diminishing immunity
and reactivation of disease.21

Primary Disease
Primary pulmonary tuberculosis

is often asymptomatic, so that the

results of diagnostic tests (Table 2)
are the only evidence of the disease.
Although primary disease essentially
exists subclinically, some self-limiting
findings might be noticed in an
assessment. Associated paratracheal
lymphadenopathy may occur because
the bacilli spread from the lungs
through the lymphatic system. If
the primary lesion enlarges, pleural
effusion is a distinguishing finding.
This effusion develops because the
bacilli infiltrate the pleural space
from an adjacent area. The effusion
may remain small and resolve spon-
taneously, or it may become large
enough to induce symptoms such
as fever, pleuritic chest pain, and
dyspnea. Dyspnea is due to poor
gas exchange in the areas of affected
lung tissue. Dullness to percussion

Table 1 Differences in the stages of tuberculosis

Early infection

Immune system fights infection

Infection generally proceeds 
without signs or symptoms

Patients may have fever, 
paratracheal lymphadenopathy,
or dyspnea

Infection may be only subclinical
and may not advance to active
disease 

Early primary progressive
(active)

Immune system does not control
initial infection

Inflammation of tissues ensues

Patients often have nonspecific
signs or symptoms (eg, fatigue,
weight loss, fever)

Nonproductive cough develops

Diagnosis can be difficult: findings
on chest radiographs may be
normal and sputum smears may
be negative for mycobacteria

Late primary progressive
(active)

Cough becomes 
productive

More signs and symptoms
as disease progresses

Patients experience pro-
gressive weight loss,
rales, anemia

Findings on chest radio -
graph are normal

Diagnosis is via cultures of
sputum

Latent

Mycobacteria persist in the
body

No signs or symptoms occur

Patients do not feel sick

Patients are susceptible to
reactivation of disease

Granulomatous lesions calcify
and become fibrotic, become
apparent on chest radiographs

Infection can reappear when
immunosuppression occurs

Table 2 Diagnostic tests for identifying tuberculosis

Variable

Purpose of test
or study

Time required
for results

Sputum smear

Detect acid-
fast bacilli

<24 hours

Sputum culture

Identify Mycobacterium
tuberculosis

3-6 weeks with solid
media, 4-14 days with
high-pressure 
liquid chromatography

Polymerase
chain reaction

Identify M
tuberculosis

Hours 

Tuberculin 
skin test

Detect exposure
to mycobacteria

48-72 hours

QuantiFERON-
TB test

Measure immune
reactivity to M
tuberculosis

12-24 hours

Chest radiography

Visualize lobar
infiltrates with
cavitation

Minutes
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and a lack of breath sounds are phys-
ical findings indicative of a pleural
effusion because excess fluid has
entered the pleural space.7

Primary Progressive Tuberculosis
Active tuberculosis develops in

only 5% to 10% of persons exposed
to M tuberculosis. When a patient
progresses to active tuberculosis,
early signs and symptoms are often
nonspecific. Manifestations often
include progressive fatigue, malaise,
weight loss, and a low-grade fever
accompanied by chills and night
sweats.22 Wasting, a classic feature
of tuberculosis, is due to the lack of
appetite and the altered metabolism
associated with the inflammatory
and immune responses. Wasting
involves the loss of both fat and lean
tissue; the decreased muscle mass
contributes to the fatigue.23 Finger
clubbing, a late sign of poor oxygena-
tion, may occur; however, it does
not indicate the extent of disease.24

A cough eventually develops in
most patients. Although the cough
may initially be nonproductive, it
advances to a productive cough of
purulent sputum. The sputum may
also be streaked with blood. Hemop-
ty sis can be due to destruction of a
patent vessel located in the wall of
the cavity, the rupture of a dilated
vessel in a cavity, or the formation
of an aspergilloma in an old cavity.
The inflamed parenchyma may cause
pleuritic chest pain. Extensive disease
may lead to dyspnea or orthopnea
because the increased interstitial
volume leads to a decrease in lung
diffusion capacity. Although many
patients with active disease have
few physical findings, rales may be
detected over involved areas during
inspiration, particularly after a

cough. Hematologic studies might
reveal anemia, which is the cause of
the weakness and fatigue. Leukocy-
tosis may also occur because of the
large increase in the number of
leukocytes, or white blood cells, in
response to the infection.7

Extrapulmonary Tuberculosis
Although the pulmonary system

is the most common location for
tuberculosis, extrapulmonary disease
occurs in more than 20% of immuno-
competent patients, and the risk for
extrapulmonary disease increases
with immunosuppression.20 The
most serious location is the central
nervous system, where infection
may result in meningitis or space-
occupying tuberculomas. If not
treated, tubercular meningitis is
fatal in most cases, making rapid
detection of the mycobacteria essen-
tial.8 Headaches and change in men-
tal status after possible exposure to
tuberculosis or in high risk groups
should prompt consideration of this
disease as a differential diagnosis.
Another fatal form of extrapulmonary
tuberculosis is infection of the blood-

stream by mycobacteria; this form
of the disease is called disseminated
or miliary tuberculosis. The bacilli
can then spread throughout the
body, leading to multiorgan involve-
ment.25 Miliary tuberculosis pro-
gresses rapidly and can be difficult
to diagnose because of its systemic
and nonspecific signs and symp-
toms, such as fever, weight loss, and
weakness.7 Lymphatic tuberculosis
is the most common extrapulmonary
tuberculosis, and cervical adenopa-
thy occurs most often. Other possi-
ble locations include bones, joints,
pleura, and genitourinary system.20

Laboratory and Diagnostic
Studies

Active tuberculosis may be con-
sidered as a possible diagnosis when
findings on a chest radiograph of a
patient being evaluated for respira-
tory symptoms are abnormal, as
occurs in most patients with pul-
monary tuberculosis. The radiographs
may show the characteristic find-
ings of infiltrates with cavitation in
the upper and middle lobes of the
lungs21 (Figure 2). However, specific

38 CRITICALCARENURSE Vol 29, No. 2, APRIL 2009 www.ccnonline.org

Figure 2 Chest radiographs in pulmonary tuberculosis. A, Infiltrates in left lung. B,
Bilateral advanced pulmonary tuberculosis and cavitation in apical area of right lung.
Images courtesy of Centers for Disease Control and Prevention.26
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groups of patients, such as the
elderly and patients with advanced
infection by human immunodefi-
ciency virus, may not have these
typical findings. Compared with
other patients, both groups have
the classic cavitation less often
and may have lower-lobe infil-
trates as a prominent finding.7,21

Although abnormal findings on a
chest radiograph may suggest
tuberculosis, they are not diagnos-
tic for the disease.19

Traditionally, the first laboratory
test used to detect active tuberculosis
in a patient with abnormal findings
on chest radiographs is examination
of a sputum smear for the presence
of acid-fast bacilli (Table 2). Also,
because the bacilli have entered the
sputum, the patient is infectious to
others. According to the Centers for
Disease Control and Prevention,19 3
sputum specimens should be used
for detection of pulmonary tubercu-
losis, with specimens collected in the
morning on consecutive days. How-
ever, recently, investigators have
questioned the need for 3 speci-
mens. Leonard et al27 concluded
that examination of 2 specimens
is just as sensitive.

For the test, sputum is smeared
on a slide, stained, dried, and then
treated with alcohol. Any bacilli
that are present will remain red
because they will not destain. The
test is not specific for tuberculosis,
because other mycobacteria give
the same results, but it does provide
a quick method to determine if res-
piratory precautions should be
maintained while more definitive
testing is performed. Results of
sputum smears should be available
within 24 hours of the specimen
collection.19

Diagnosis
The Standard

Definitive diagnosis of tubercu-
losis requires the identification of
M tuberculosis in a culture of a diag-
nostic specimen. The most frequent
sample used from a patient with a
persistent and productive cough is
sputum. Because most mycobacteria
grow slowly, 3 to 6 weeks may be
required for detectable growth on
solid media. However, a newer,
alternative method in which high-
performance liquid chromatogra-
phy is used to isolate and differenti-
ate cell wall mycolic acids provides
confirmation of the disease in 4 to
14 days.19 Conventionally, 3 sputum
samples were also used for culture
diagnosis, but the use of 2 specimens,
as mentioned earlier for smears,
also applies for cultures.27

After medications are started,
the effectiveness of the therapy is
assessed by obtaining sputum sam-
ples for smears. Once again, the tra-
ditional requirement of 3 sputum
smears negative for M tuberculosis
may be unnecessary when deter-
mining if respiratory isolation can
be discontinued.28 A patient is con-
sidered to have achieved culture
conversion when a culture is nega-
tive for the mycobacteria after a
succession of cultures have been
positive; culture conversion is the
most important objective evalua-
tion of response to treatment.19

Alternatives
Unfortunately, not all patients

with tuberculosis can be detected
by culture of sputum specimens, a
situation that can lead to delayed
or missed diagnosis.20,29 Addition-
ally, many critically ill patients have
trouble producing the necessary

material from the lungs and instead
produce saliva or nasopharyngeal
discharge. For patients who have
difficulty generating sputum, inhala-
tion of an aerosol of normal saline
can be used to induce sputum for
collection.4,7,19 However, if sputum
specimens are still inadequate, or
the index of suspicion for tuberculo-
sis is still high despite cultures nega-
tive for M tuberculosis, alternative
approaches are available.

Bronchoscopy with bronchial
washings or bronchoalveolar lavage
can provide sputum for diagnosis.19

In bronchial washing, a fiberoptic
bronchoscope is inserted into the
lungs, and fluid is squirted in and
then collected, essentially washing
out a sample of cells and secretions
from the alveolar and bronchial air-
spaces. Aliquots obtained from sub-
sequent lavages constitute
bronchoalveolar lavage specimens.30

In patients with involvement of
intrathoracic lymph nodes, as indi-
cated by adenopathy suggestive of
tuberculosis, who have sputum
smears negative for M tuberculosis,
culture of specimens collected by
transbronchial needle aspiration
can be used to accurately and
immediately diagnose the disease.
With this technique, specimens are
collected by inserting a 19-gauge
flexible histology needle through a
bronchoscopy tube; patients are
sedated but conscious, and com-
puted tomography scans are used
for guidance.31

Technological Advancements
Newer diagnostic techniques for

faster detection of M tuberculosis
include nucleic acid amplification
tests. In these tests, molecular biol-
ogy methods are used to amplify
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DNA and RNA, facilitating rapid
detection of microorganisms; the
tests have been approved by the
Food and Drug Administration.32

One method is the polymerase
chain reaction assay, which can be
used to differentiate M tuberculosis
from other mycobacteria on the
basis of genetic information and
provides results within hours.
Although the test can provide rapid
confirmation of M tuberculosis in
sputum specimens positive for acid-
fast bacilli, it has limitations, includ-
ing high cost, low sensitivity, and
low availability. A polymerase chain
reaction assay positive for M tuber-
culosis in conjunction with a sputum
smear positive for the organism
indicates true tuberculosis, but in a
patient with a sputum smear nega-
tive for the organism, the positive
polymerase chain reaction assay
should be considered carefully
along with clinical indicators. The
results of these assays can not be
relied on as the sole guide for isola-
tion or therapy.33

Diagnosing Latency
Once patients recover from a

primary M tuberculosis infection and

the infection becomes latent, spu-
tum specimens are negative for the
organisms, and findings on chest
radiographs are typically normal.
These patients also do not have
signs or symptoms of infection, and
they are not infectious to others.
Tuberculin skin testing is the most
common method used to screen for
latent M tuberculosis.3

The tuberculin skin test is per-
formed by intradermally injecting
0.1 mL of intermediate-strength
purified protein derivative (PPD) that
contains 5 tuberculin units. After 48
to 72 hours, the injection site is exam-
ined for induration but not redness
(Figure 3, Table 3). Although the
test is useful because the PPD elicits
a skin reaction via cell-mediated
immunity when injected in patients
previously infected with mycobacte-
ria, it is limited because it is not spe-
cific for the species of mycobacteria.
Many proteins in the PPD product
are highly conserved in various
species of mycobacteria. Also, the
test is of limited value in patients
with active tuberculosis because of
its low sensitivity and specificity.
False-negatives can occur in patients
who are immunocompromised or

malnourished, because these patients
cannot mount an immune response
to the injection, and in 20% to 25%
of patients who have active tubercu-
losis, because there is a time lag of
2 to 10 weeks between infection and
the T-lymphocyte response required
for a positive skin reaction. False-
positives can occur in patients who
have infections caused by mycobac-
teria other than M tuberculosis or
who have been given BCG vaccine.35

The tuberculin skin test was
the only test available to detect latent
tuberculosis until an interferon-
release assay, called QuantiFERON-TB
test, was approved by the Food and
Drug Administration in 2001. Then,
in 2005, a new interferon-assay,
called QuantiFERON-TB Gold was
approved and is intended to replace
the QuantiFERON-TB test, which is
no longer commercially available. In
both tests, the cell-mediated reactiv-
ity to M tuberculosis is determined
by incubating whole blood with an
antigen and then using an enzyme-
linked immunosorbent assay to
measure the amount of interferon-γ
released from white blood cells. In
the QuantiFERON-TB Gold test, 2
synthetic antigenic proteins specific

40 CRITICALCARENURSE Vol 29, No. 2, APRIL 2009 www.ccnonline.org

Figure 3 Measuring induration, not
erythema, in a tuberculin skin test.
Image courtesy of Centers for Disease Control
and Prevention.34

Table 3 Positive tuberculin skin tests

Diameter of induration

≥5 

≥10

≥15

Considered positive for

Persons at high risk for tuberculosis:
Patients with chronic diseases (eg, infection with human 

immunodeficiency virus)
Persons with recent exposure to tuberculosis
Patients with findings on radiographs suggestive of 

tuberculosis
Employees of hospitals and long-term care facilities

Persons at risk for tuberculosis:
Injectable drug users
Persons in close living conditions
Persons born in countries with high prevalence of 

tuberculosis

Persons who do not belong to either of the other groups
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in PPD are used rather than a PPD
admixture, making this test more
sensitive than its predecessor.
QuantiFERON-TB Gold provides
results in less than 24 hours and
can be used to detect both active
and latent tuberculosis. The results
of the QuantiFERON-TB Gold test
are similar to those of the tuberculin
skin test, and the Centers for Disease
Control and Prevention now recom-
mend that the QuantiFERON-TB
Gold test be used in all instances in
which the tuberculin skin test for-
merly would have been used.32

Implications for Critical
Care Nurses

With the reemergence of tuber-
culosis, being well informed about
this disease is more important than
before. Tuberculosis can be difficult
to diagnose promptly, resulting in
delayed isolation of patients and
potential spread of the disease.
Detection of extrapulmonary tuber-
culosis is generally even more diffi-
cult because this type is often less
familiar to clinicians.7 Nurses play
an important role in recognizing
the clinical signs and symptoms of
tuberculosis, a situation that places
them in a position for early recogni-
tion of the disease, leading to diag-
nosis and early isolation to prevent
transmission. Importantly, diagno-
sis may be based on clinical mani-
festations even without a culture
positive for M tuberculosis.19 Nurses
are also in a position to optimize
nutrition, educate, provide emotional
support, and prepare patients and
patients’ families for discharge from
the hospital.

Nearly every type of health care
setting has been implicated in the
transmission of M tuberculosis.9 The

emergency department can play a
vital role in control because it is a
point of entry into the hospital.
However, because of the nonspe-
cific signs and symptoms and dated
screening protocols, initial detection
of tuberculosis is still missed in
emergency department triage.36

Consequently, a patient with tuber-
culosis can be discharged into the
community or admitted to the hos-
pital without any intervention.
Patients admitted because of trauma
may also escape screening for tuber-
culosis, because the focus is almost
entirely on injuries. Often trauma
patients are admitted to an intensive
care unit, where other patients are
particularly susceptible to any infec-
tion. Intubated patients are compro-
mised directly from the pulmonary
standpoint and lack normal upper
airway defenses that protect the lungs
from bacteria. Many nosocomial
tuberculosis outbreaks have been
reported,36 emphasizing that nurses
and other health care personnel
should remember that even hospital-
ized patients may have tuberculosis.

Isolation
Because nurses play a key role in

detecting tuberculosis, they should
advocate for prompt isolation of
patients with suspected or confirmed
M tuberculosis infection (Figure 4).
Nurses should be familiar with the
isolation precautions that must be
implemented. Patients with suspected
tuberculosis should be placed in a
negative-pressure room, and appro-
priate particulate respiratory masks
(N-95/high-efficiency particulate air
filters) should be readily available
outside the door for anyone entering
the room.37 The number of visitors
should be minimized, and children

should be discouraged from visiting.
Patients should be instructed to
cover their nose and mouth with a
tissue when sneezing or coughing.
Additionally, they should wear a
mask when leaving the room, and
nonurgent procedures should be
postponed until the infectious phase
has passed.

Patients receiving mechanical
ventilation should also be kept in a
negative-pressure room, and respi-
ratory masks should still be used
by anyone who enters the room. A
closed-system endotracheal suction
catheter should be used for suction-
ing whenever feasible. In order to
help reduce the risk of contaminat-
ing ventilation equipment or release
of M tuberculosis organisms into the
room air, a bacterial filter should be
placed on the endotracheal tube or
on the expiratory side of the ventila-
tion circuit. Good oral care and
strict adherence to suctioning infec-
tion control practices should be a
priority, because ventilator-associated
pneumonia is already a predominant
nosocomial infection and would
pose an enhanced threat to a patient
with tuberculosis.

Nutrition
Adequate nutrition is an impor-

tant feature though all stages of
infection. Malnutrition appears to
increase the risk for tuberculosis;
persons with low body mass index
are greatly more at risk for tubercu-
losis than are those with a high
index.38 Additionally, among patients
underweight at the time of diagno-
sis, those who increase their weight
by 5% during the first 2 months of
treatment have significantly less
relapse than do patients who gain
less than 5%.38 Nurses should take
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particular note of underweight
tuberculosis patients, recognizing
that being underweight is a risk
factor for relapse and encouraging
aggressive nutritional support.39

Also, because functional recovery
often lags behind microbiological
cure, the aim of nutritional inter-
vention should be to restore lean
tissue.23,39 Nurses should also encour-
age patients to engage in physical

activity to counter the loss of muscle
mass and subsequent fatigue. Advo-
cating for a nutritionist and physical
therapist to evaluate a patient with
tuberculosis to make patient-specific
recommendations would be an
appropriate action for nurses.

Emotional Support and Education
In addition to the direct respon-

sibilities of nursing, many nurses

are also a key source of emotional
support for patients and patients’
families during times of illness.
Perceived emotional support from
nursing staff can improve adherence
to therapy. Many patients with tuber-
culosis experience feelings of guilt
and face stigma, and patients’ fam-
ily members often fear associating
with the patients.40 Nurses can pro-
vide education to patients and
patients’ families about transmis-
sion and treatment to help reduce
misconceptions and can elicit con-
versations to communicate con-
cerns. Encouragement combined
with education can affect a patient’s
adherence to therapy, as well as
improve the patient’s mood and
perception of the illness.

Conclusions
Tuberculosis has reemerged as a

major public health concern and is
the second deadliest infectious dis-
ease worldwide. Understanding the
pathophysiology of this contagious
airborne disease, from the primary
infection to primary progressive
(active) disease or latency, is impor-
tant. Understanding the pathophys-
iology will help critical care nurses
be aware of the causes of the classic
signs and symptoms for tuberculo-
sis. Many different diagnostic tests
can be used to evaluate a patient
with suspected tuberculosis, and the
stage or progression of the disease
markedly affects the results. Even in
critical care, each nurse has an
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Figure 4 A general plan-of-care algorithm for a patient who may have tuberculosis.

Patient recently admitted through
emergency department or trauma

bay

Long-term patient, immunocompro-
mised patient, or patient with risk

factors for tuberculosis

Smear positive for mycobacteria: 
continue isolation

Smear negative for mycobacteria:
remove patient from isolation

Sputum culture

If findings on chest radiograph equivocal
for tuberculosis and skin test or 

QuantiFERON test positive for tuberculosis,
patient may have latent tuberculosis

Patient may have tuberculosis and
may not have been screened for the

disease when admitted

Patient is vulnerable to tuberculosis
from newly admitted patients or 

hospital outbreaks

If possible, inquire about history 
of or exposure to tuberculosis

Sputum culture positive
for Mycobacterium

tuberculosis

Sputum culture
negative for M
tuberculosis

Look for signs and symptoms
of reactivation of disease 

during hospitalization

Maintain isolation
precautions, 

optimize nutrition,
educate patient,
provide support

Remove patient
from isolation

Patient has signs and/or symptoms suggestive of tuberculosis

Isolate patient and advocate for screening: chest radiograph

1. Skin test with purified protein derivative or QuantiFERON-TB Gold test
2. Sputum smear 

d•tmore
To read more about tuberculosis, read “The
Pursuit of Healthcare” by Christopher W.
Bryan-Brown and Kathleen Dracup in the
American Journal of Critical Care, 2004;13:
368-370. Available at www.ajcconline.org.
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opportunity to contribute to the
control of tuberculosis by learning
about the signs and symptoms of
the disease, risk factors specific to
critical care patients, and the appro-
priate actions to take should such a
case occur. The more nurses know
about tuberculosis, the more they can
contribute to minimizing its trans-
mission, making early diagnoses, and
preventing increases in morbidity
and mortality due to this disease. CCN
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1. How many people worldwide become infected with tubercu-
losis each year?
a. 2 million c. 14 million
b. 9 million d. 20 million

2. How many people in the world are estimated to be infected
with mycobacteria?
a. 9 billion c. 20 billion
b. 14 billion d. 2 billion

3. What makes an intensive care unit patient’s tuberculosis 
exposure more serious than community exposure?
a. A suboptimal immune state
b. Mycobacteria infection
c. Resistant bacteria infection
d. Advanced pneumonia 

4. Tuberculosis is an infection caused by what rod shaped,
non–spore-forming aerobic bacterium?
a. Aspergillius
b. Mycobacterium
c. Enterococcus
d. Streptococcus

5. Which of the following is a challenge created by the lipid bar-
rier of Mycobacterium tuberculosis?
a. Resistance to antibiotics
b. Immune response
c. Physical defense
d. Misdiagnosis 

6. M tuberculosis is spread by which of the following?
a. Skin contact with bacterium
b. Ingestion of bacteria
c. Airborne droplets
d. Infection by blood stream

7. After being ingested by macrophages, the myocobacteria continue to
multiply slowly with bacteria cell division occurring how often?
a. Every 20 to 32 hours c. Every 25 to 32 hours
b. Every 25 to 30 hours d. Every 20 to 30 hours

8.The initial immune process continues for how long?
a. 2 to 10 weeks c. 2 to 12 weeks
b. 4 to 12 weeks d. 4 to 10 weeks

9. Which of the following is the necrotic environment that is character-
ized by low oxygen levels, low ph, and limited nutrients?
a. Caseous necrosis
b. Frontal necrosis
c. Immune necrosis
d.Fibrotic necrosis

10. What age group has a disproportionately higher rate of disease
than any other age group?
a. 50 years and older
b. 35 years and older
c. 40 years and older
d. 65 year and older

11. Why are the results of primary pulmonary tuberculosis diagnostic
test often the only evidence of disease?
a. Because primary tuberculosis is not diagnosed
b. Because primary tuberculosis is misdiagnosed
c. Because primary tuberculosis exists subclinically
d.Because primary tuberculosis is asymptomatic

12. Upon diagnosing an abnormal chest radiograph, the first laboratory
test used to detect tuberculosis will examine which of the following?
a. Sputum smear for acid-fast bacilli
b. Bronchoscopy findings
c. Purified protein derivative test
d.Sputum culture
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