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Tuberculosis (TB) is the sec-
ond most common infectious
cause of death in adults world-
wide after HIV/AIDS.1 Approxi-
mately one-third of the world’s
population, or approximately 2
billion people, are infected with Mycobacterium tuberculosis.2 The
global disease burden of tuberculosis continues to increase. The
emergence of multi-drug resistant tuberculosis, the ongoing HIV
epidemic, and societal issues such as poverty and homelessness

influence the prevalence of this disease. All primary care physi-
cians should have an understanding of the epidemiology, presenta-
tion, and treatment of TB. 

Tuberculosis has recently
captured the public interest
due to the Atlanta-based attor-
ney with extremely drug-resist-
ant tuberculosis who flew in
multiple aircraft from the
United States to Europe. In
this age of international
mobility and travel in the con-
text of potential pandemics of
SARS, bird flu, and tuberculo-
sis, the primary care physician
needs to be vigilant in early
recognition of risk, diagnosis,
and appropriate intervention.
Just when the number of cases
of reported TB in the United

States had fallen to the lowest level ever, we cannot become
complacent.

—The Editor
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Global Epidemiology 
In 2000, the World Health Organization (WHO) estimated 8 to

9 million new cases of tuberculosis,1 with 95% of the disease bur-
den occurring in developing countries.1 Sub-Saharan Africa has
the highest incidence rate (290 per 100,000 population); Asian
countries including India, Pakistan, China, Bangladesh, and
Indonesia have the greatest number of cases.1 Most cases (5-6
million) occur in patients between 15 and 49 years old.1 In 1993,
the WHO declared tuberculosis a “global emergency,” and esti-
mated that nearly 70 million people would die from TB between
1997 and 2020 if current incidence levels were to continue.3,4

United States Epidemiology 
Presently, approximately 15 million people are infected with

Mycobacterium tuberculosis.5 The number of tuberculosis cases
reported in the United States decreased nearly 75% from 1953 to
1985 primarily due to public health measures. From 1985 to 1992,
there was a sharp increase in the prevalence of tuberculosis,5 largely
attributed to the rise in HIV-infected patients. HIV-infected patients
likely account for 30-50% of the increase in cases of tuberculosis.2,6

With greater public health efforts, the annual incidence of TB has
decreased since the peak in 1992.  

Between 1985 and 1990, the incidence of tuberculosis in His-
panic populations increased 55%, and the incidence in African-
American populations increased 27%.5 With the identification and
rise in numbers of HIV-affected patients, the “face of the TB
patient” changed dramatically to include younger patients with pri-
mary disease vs. older patients with reactivation disease. HIV has
also dramatically influenced the reactivation of latent tuberculosis

infection, with rates as high as 7-10% per year in an HIV-infected
patient.8

Foreign-born individuals accounted for 53% of cases of tubercu-
losis in 2004,9,10 with Mexico, the Philippines, Vietnam, India, and
China representing more than half of the foreign-born cases of TB
in the United States in 2005.7 Almost one-half of the cases of tuber-
culosis among foreign-born individuals occur more than five years
after arrival in the United States.9 (See Table 1.)

Immunosuppressive agents such as TNF-alpha antagonists
influence the host’s resistance to granulomatous disease,11 in
which the host’s immune response walls off bacteria into granu-
lomas. Chronic corticosteroid use at daily doses greater than 15
mg for greater than one month has been identified as a risk factor
for TB.12 Current use of corticosteroids conferred an increased
risk of development of tuberculosis with an odds ratio (OR) of
4.9 (confidence interval CI 2.9-8.3).13

Microbiology 
Tuberculosis is caused by any member of the Mycobacterium

tuberculosis complex, with Mycobacterium tuberculosis causing
the majority of infections in humans. M. tuberculosis replicates
slowly, taking 25-32 hours to divide.14,15 M. tuberculosis has no
endotoxins or exotoxins, and thus does not generate any immedi-
ate host response to the infection.14,15 In an immunocompetent
host, the numbers of tubercle bacilli will grow over 2-12 weeks
until levels between 10,000 and 100,000 organisms are reached, at
which point a cellular immune response manifested by a positive
tuberculin skin test is produced.14,15 This slow growth, along with
lack of host response to infection and subsequent microbial ability
to survive intracellularly within macrophages, makes the bacillus
difficult to eradicate with antibiotics while also enabling resistant
organisms to develop if bacterial infection is incompletely treated. 

Transmission 
Tuberculosis is spread via airborne droplet transmission.1

Droplets are produced when patients with pulmonary or laryngeal
tuberculosis speak, cough, or sneeze,1 or during sputum induction,
aerosol treatments, or bronchoscopy.12 Aerosolized particles are
capable of remaining in the air for minutes to hours. Droplets sized
between 1 and 5 microns in diameter are best able to reach the pul-
monary alveoli where they will replicate. The small size of these
droplets also enables them to circulate within indoor air currents
for long periods of time.16

Droplets deposited on intact skin are not infectious as the
organisms are unable to invade tissue.12

Pathogenesis 
Following inhalation of a droplet and its deposition within a

pulmonary alveolus, the tubercle bacillus is ingested by an alveolar
macrophage, the host’s natural defense mechanism.1 At this point,
the host either does not become infected (70% of individuals), or
develops a “primary infection” (30% of individuals).17 The imme-
diate clearance of the organism, or uninfected state, is mainly
determined by the bacterial virulence and inherent bactericidal
ability of the macrophage.1 The “primary infection” state refers to
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infection of the lungs classically appearing as a mid or lower lung
parenchymal lesion or as hilar adenopathy.1

Of the patients with a primary infection, 90% will contain the
infection and develop latent tuberculosis infection or LTBI.17 In
LTBI, activated T lymphocytes and macrophages form granulo-
mas with M. tuberculosis at the center.1 M. tuberculosis is usually
not viable or capable of replicating or spreading beyond the gran-
uloma.1 In the absence of any immune compromise, viable bacte-
ria contained within the granulomas do not cause active disease.1

In 10% of primary infected patients, the infection is not con-
tained and the disease develops into progressive primary TB.17

During the development of progressive primary TB, factors such
as immunosuppression, malnutrition, or age can predispose the
patient to developing miliary TB. 

In patients with LTBI, the lifetime risk of re-activation is
10%.17 If reactivated, this infection is termed post-primary TB and
presents with lesions at the apices of the lungs and little associat-
ed lymphadenopathy or caseating necrosis.12 Fifty percent of reac-
tivations occur within the first 2 years after primary infection.17

However, in HIV-infected individuals, the risk of reactivation
increases approximately 10% per year.17 During reactivation, lym-
phohematogenous spread is also possible, resulting in miliary
TB.17 Immunosuppressive states conferring an increased risk of
post-primary TB or reactivation TB include: HIV infection and
AIDS, diabetes mellitus, malignant lymphoma, end stage renal
disease (ESRD), alcohol abuse, or chronic corticosteroid use.17

TB and the Host
Immunocompetent Hosts. In immunocompetent hosts, 85%

of reported tuberculosis cases involve only the lungs, while 15%
involve both nonpulmonary and pulmonary sites, or only nonpul-
monary sites.18

Immunocompromised Hosts. In patients with advanced HIV
infection, 38% had pulmonary disease, 30% had extrapulmonary
disease, while 32% had both pulmonary and extrapulmonary
involvement.19 Worsening immune function confers an increased
risk in the development of extrapulmonary tuberculosis.17 Most
extrapulmonary cases of TB occur with CD4 counts less than
200/microliter, usually less than 100/microliter.17

In immunocompromised patients, the disease process is not
only more extensive, but also more destructive.19 Caseating
necrosis causes lesions capable of mechanically eroding into air-

ways and rendering the host infectious to others.19

The immunocompromised nature of the host leads to an unre-
liable response to the tuberculin skin test. Thus, the tuberculin
skin test, if negative, cannot rule out disease.  

TB and the Pediatric Patient. In 2001, approximately 11% of
the estimated 8.3 million new cases of TB worldwide occurred in
children.20 In 2001, the United States reported 931 cases of TB in
children, 5.8% of all tuberculosis cases that year.20 Half occurred
in 3 states: California, Texas, and New York.20 In the former Sovi-
et Union, Peru, and Sub-Saharan Africa, the rates of pediatric
tuberculosis are increasing.20 Children who are carriers of tuber-
culosis represent the “reservoir of future disease,” underlining the
importance of understanding the pediatric burden of tuberculo-
sis.20 Lastly, HIV-positive children are often exposed to HIV-posi-
tive parents who are at increased risk of developing active disease. 

Pediatric patients are more likely than adults to progress to clin-
ical disease and to develop extrapulmonary forms of tuberculosis.20

Presumably due to their immature cellular immunity, children
younger than 5 years old are felt to be at a higher risk of develop-
ing active disease following infection.20 In children younger than 1
year of age, 43% of children exposed will develop active pul-
monary disease.20 In children between 1 and 5 years of age, 24%
will develop active pulmonary disease.20 In contrast, among ado-
lescents 15% of those exposed will develop active pulmonary dis-
ease, and among adults only 5-10% will develop active disease.20

Children younger than 5 years old have also been found to develop
progressive fulminant disease, especially miliary TB and TB
meningitis, more frequently than older children or adults.20

Bacillus Calmette-Guerin (BCG) vaccine is a live attenuated
vaccine derived from Mycobacterium bovis strains.21 While the
BCG vaccine is not administered in the United States, it is admin-
istered to approximately 80% of infants world-wide.21 The effica-
cy of the BCG vaccine in the prevention of tuberculosis varies
considerably, with a range of 0% to 80%.22 Theories for this dra-
matic difference in efficacy include questioning the quality of the
BCG vaccine administered, the potential for waning immunity
over time, and the patient’s prior exposures to any similar
Mycobacteria or other atypical bacteria.21

In vaccinated children, a meta-analysis of the BCG vaccine
demonstrates a 75-86% efficacy rate against meningeal and mil-
iary tuberculosis.23 In countries with a high prevalence of tuber-
culosis, studies have shown the BCG vaccine to be a cost-effec-
tive intervention for the prevention of miliary and meningeal
tuberculosis in children.24

Major side effects of the BCG vaccine include lymphadenopa-
thy, pustule formation, drainage, and scarring.25 Various case
reports can be found in the literature of disseminated BCG infec-
tion in both immunosuppressed and immunocompetent individu-
als but the overall incidence is small.25-27

Children younger than 5 years old rarely can produce sputum
for evaluation. Instead, gastric aspirates can be used. Gastric
aspirates are smear-positive in fewer than 20%, and culture-pos-
itive in fewer than 50%, of children.20 The sputum specimens,
when received, are rarely AFB smear positive. In children
younger than 12 years of age, sputum smears are not positive in
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Table 1. Prevalence per 100,000 Population
of Tuberculosis by Ethnicity in 20057

ETHNICITY PREVALENCE PER 100,000 POPULATION 
IN 2005

Asian 29.6
Native Hawaiian 

or Pacific Islander 15.3
Non-Hispanic black 10.8
Hispanics 9.4
American Indian 

or Alaska Natives 7.0
Non-hispanic whites 1.3



approximately 95% of cases.20 Since the WHO only counts
smear-positive cases in compiling the epidemiology of tubercu-
losis, the global pediatric burden of tuberculosis is grossly
underestimated. 

TB and the Pregnant Patient. In general, pregnancy does
not alter the management of tuberculosis to a great extent. Pre-
ventive therapy with INH and pyridoxine usually can be post-
poned until after delivery.28 This decision is made primarily
because of a risk of increased hepatic toxicity in women, particu-
larly minority women.29 INH does cross the placenta, but has no
increased toxicity to the fetus.28 INH is also excreted in the breast
milk, but at low concentrations, and therefore should not affect
the maternal decision to breastfeed.30

Active tuberculosis in a pregnant patient must be treated imme-
diately.28,31 Streptomycin should be avoided given its risk of oto-
toxicity. Pyrazinamide should also be avoided unless the patient is
HIV-positive, in which case the benefits are thought to outweigh
the risks of giving a drug with little data known about its risks for
teratogenicity.32 Transplacental transmission of tuberculosis is rare,
though transmission after birth is possible.33,34 Mothers should be
screened for possible infectivity at the time of delivery.35

Presentations: Classic Pulmonary, Miliary, and
Extrapulmonary

Pulmonary TB. Pulmonary tuberculosis presents with a con-
stellation of systemic and pulmonary symptoms depending on the
immune status of the patient.36 Primary TB can be asymptomatic or
can manifest as a pneumonia with productive cough and fevers,
while progressive primary disease may present with cough, hemop-
tysis, and weight loss.36 Post-primary disease usually presents as
chronic cough with sputum, weight loss, and occasionally hemopt-
ysis and pleuritic chest pain.36

Systemic Symptoms. Fever is classically thought of as a systemic
symptom of tuberculosis, along with weight loss, night sweats, loss
of appetite, and weakness.37 Studies have shown that fever has been
observed in 37-80% of patients.37,38 In one study, 21% of patients
had no fever at any point in the course of hospitalization for tuber-
culosis.38 Of the febrile patients, 34% became afebrile within one
week of beginning treatment, while 64% became afebrile within
two weeks of beginning treatment.38

Hematologically, tuberculosis has been associated with a vari-
ety of reactions ranging from a leukemoid reaction to
leukopenia.39.40 In approximately 10% of patients, a slight
increase in the leukocyte count and anemia is seen.39,40 An
increase in monocytes and eosinophils may also be seen.39,40 The
major electrolyte abnormality associated with tuberculosis is
hyponatremia, which in a single series was found in 11% of
patients.41 This is thought to be secondary to an antidiuretic hor-
mone-like substance released from affected lung tissue in the set-
ting of tuberculosis infection.42

Pulmonary Symptoms. Patients with pulmonary tuberculosis
classically present with a cough. The cough is initially non-pro-
ductive, but becomes productive of yellowish or yellow-greenish
sputum as the illness progresses and tissue necrosis and inflam-
mation occurs. Hemoptysis itself does not indicate active tubercu-

losis, but rather can result from one of multiple mechanisms
including erosions of calcified lesions into airway lumens (bron-
cholithiasis), bacterial or fungal infection in a cavity, rupture of a
dilated vessel in a cavity wall (Rasmussen’s aneurysm) causing
massive hemoptysis, or from residual tuberculous bronchiecta-
sis.43-45 Only 5-15% of cases of hemoptysis in the United States
are felt to be due to tuberculosis.43-45 Hemoptysis is often of mini-
mal amount and results in blood-streaked sputum. 

Pleuritic pain may occur if there is inflammation of the lung
parenchyma approximating a pleural surface, in the presence or
absence of an effusion.36 Dyspnea is rare, but when it occurs is
often in the setting of pleural effusions, pneumothorax, or extensive
parenchymal involvement.36 Spontaneous pneumothorax secondary
to tuberculosis can occur if either a cavity or an area of caseous
necrosis erodes into the pleural space. The formation of a bron-
chopleural fistula can occur, necessitating chest tube placement for
drainage and lung reinflation.46,47 In the United States, spontaneous
pneumothorax associated with TB is very uncommon, with cases
reported in less than 1% of hospitalized patients.46,47

Extensive pulmonary parenchymal involvement results from
destruction of significant portions of one or both lungs, most
often occurring in primary TB.48,49 Destruction can also follow
years of chronic reactivation TB. Pulmonary gangrene, or the
acute destruction of lung tissue, can result in the development of
air-filled cysts that coalesce into cavities.50 Extreme dyspnea, res-
piratory failure, and death can ensue as the effects of the necrotic
lung tissue augment.50

The physical exam findings of pulmonary tuberculosis are
non-specific. Rales or bronchial breath sounds may be heard over
areas of consolidation.49 Dullness or decreased fremitus may
occur in areas of pleural thickening or pleural effusion.49 Hollow
breath sounds over cavitations, also known as amphoric breath
sounds, indicate likely significant disease but are often difficult
to auscultate.49

Radiographic Changes. The classic chest x-ray for primary pul-
monary TB is the finding of the Ghon complex on x-ray.36 The
Ghon complex refers to the parenchymal focus of caseous
necrosis—indicative of the area of initial bacillus infection—and
the enlarged draining lymph nodes, as seen on gross specimen or
on chest x-ray.36 It is important to remember that a significant per-
centage of patients with active disease have no detectable radi-
ographic abnormality on chest x-ray. Specifically, 10% of cases in a
series reviewed from 1996 to 1997 had normal chest radiographs.51

In primary pulmonary TB, one study demonstrated that the
most common abnormality seen on chest x-ray is hilar adenopa-
thy, observed in 65% of patients.52 Hilar changes were seen with-
in two months in all cases, starting as early as one week follow-
ing skin test conversion.52 Hilar adenopathy can lead to right
middle lobe collapse, presumably because the right middle lobe
is surrounded by an increased number of lymph nodes.52 Also,
the right middle lobe has a sharper branching angle, a smaller
internal caliber, and a relatively longer length.52

Pulmonary infiltrates are seen in 27% of patients, with lower
infiltrates observed in 33% of patients, and upper lobe infiltrates in
13%.52 Of adults with infiltrates, 43% also had pleural effusions.52
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The infiltrates often present with ipsilateral hilar enlargement.52

In primary TB, pleural effusions may also be the only radi-
ographic evidence of disease. One study demonstrated pleural effu-
sions occurring as the sole feature in 5% of all primary TB cases.36

In reactivation tuberculosis, typically the apical-posterior seg-
ments of the upper lung fields are involved.36 Studies demonstrate
this pattern in 80-90% of patients, followed by involvement of the
superior segment of the lower lobes, and the anterior segment of the
upper lobes.53-56 A recent large series of adults demonstrated that
19-40% of patients with TB also had cavities with demonstrable
air-fluid levels.53-56 Atypical presentations of reactivation TB include
the presence of hilar adenopathy, at times complicated by right mid-
dle lobe collapse; lower lung field infiltrates or cavities; solitary
nodules; or isolated pleural effusions.57-59

CT of the chest is more sensitive than chest x-ray in diagnos-
ing tuberculosis, particularly in identifying smaller lesions in the
lung apex. The classic CT finding is the “tree in bud” appearance
of nodules and branching linear densities.60

Diagnosis of Pulmonary TB. Sample Collection. Sputum col-
lection is key to the diagnosis of pulmonary TB. Three sputum
samples on consecutive days is the general standard. Sputum can
be induced with use of aerosolized sterile hypertonic saline.61

Patients should be in respiratory isolation during the induction of
sputum because of the increased aerosolization that vigorous
coughing produces.61 Gastric aspiration is also an option in chil-
dren or in those patients who do not produce sputum even after
aerosolized saline attempts.61

Sample Testing. A significant number of bacteria must be pres-
ent to have a specimen stain positive on an acid-fast smear. One
hundred four colony-forming units (CFU)/mL are necessary to
have a positive smear.62 The Ziehl-Neelsen stain is most common-
ly used and is recommended by the WHO. This smear is found to
be positive in only 50-80% of patients with later culture-con-
firmed diagnoses of pulmonary tuberculosis.17,62 However, the
smear’s utility is added to by the finding that patients with smear-
positive tuberculosis are more infectious than smear-negative
cases, and also present with higher case-fatality rates.17

While developing countries may rely solely on the positive
smear for diagnosis of tuberculosis, the United States relies on
the growth of the organism in a sputum culture.61,62 The M. tuber-
culosis organism can take 6 weeks or longer to grow on solid
culture media, however it may grow as fast as 7-21 days in liquid
culture.61,62 Both media should be plated for growth of the organ-
ism and further sensitivity testing.61,62

Serologic Tests. In recent years, serum tests for the diagnosis of
LTBI and active TB have become available. The QuantiFERON-
TB Gold assay is FDA-approved for use in the United States and
relies on ELISA-analysis of whole blood.63 These IFN-gamma
assays have sensitivities ranging 80-95% in preliminary studies,
with specificities of 95-100%.63 The principal strength of this type
of test for detection of LTBI is that it has a higher specificity, less
cross-reactivity with the BCG vaccine, and is more convenient as it
only requires one patient visit.63 It also doesn’t have the booster
response that can occur with serial PPD tests.63 Given its recent
introduction, further studies are needed for evaluating its efficacy in

immunocompromised patients, patients with extrapulmonary TB,
and in children.63 However, the CDC has recommended the use of
this assay in all circumstances in which the PPD is being used.63

A serologic test for diagnosing active TB is the nucleic acid
amplification (NAA) test that identifies nucleic acids of the TB
complex and amplifies them.63 NAA tests have high specificity
for pulmonary and extrapulmonary TB.63 However, these tests
have low sensitivity, especially in smear-negative pulmonary and
extrapulmonary TB cases.63 Thus, the current recommendation is
that NAA tests should not replace culture or smears, but could be
used to rule in, or confirm, a diagnosis of TB.63 They should be
used as a confirmatory test in patients with a positive sputum
smear, but not to rule out the diagnosis of TB.63

Miliary TB. Epidemiology. Miliary tuberculosis is a term that
encompasses any disseminated manifestation or presentation of
tuberculosis. Miliary TB represents 1-2% of all cases of tubercu-
losis, and 8% of cases of extrapulmonary tuberculosis in immuno-
competent patients.17 In immunocompromised patients, miliary
tuberculosis occurs with significantly higher rates, reported as
high as 38% in HIV-positive individuals.17 Patients with any com-
promise of cell-mediated immunity are at increased risk of devel-
oping miliary tuberculosis.17 While initially the major age groups
at higher risk of developing miliary tuberculosis were children
and elderly adults, the rise of conditions causing immune compro-
mise in young adults has altered the epidemiology of this form of
TB.17 These conditions include: HIV infection, alcohol abuse,
malignancy, connective tissue disease, renal failure, diabetes,
pregnancy, corticosteroid use, and solid organ or bone marrow
transplant patients.17 The mortality rate in children of miliary
tuberculosis is 15-20%, while in adults it is 25-30%.17 The major
predictors of a poor outcome are delays in diagnosing miliary
tuberculosis and delays in initiating treatment.17

Pathogenesis. Miliary TB can occur either during primary
progressive disease or as post-primary progressive disease.2 Mil-
iary TB is caused by massive lymphohematogenous dissemina-
tion of Mycobacterium tuberculosis from a pulmonary or extra-
pulmonary focus, spreading primarily to highly vascular organs
such as the lungs, bone, or brain.17 The initial nomenclature came
from the appearance of the whitish nodule found on the surface
of the affected lung, similar to millet seeds.17 This term is now
used to refer to any disseminated tuberculosis infection, even if
classic pathologic or radiographic evidence is lacking. 

Presentation. Clinically, patients present with systemic symp-
toms such as fever, weight loss, and cough, along with signs and
symptoms specific to the site of dissemination.17

Patients with pulmonary miliary TB can present with cough,
dyspnea, or pleuritic chest pain.17 On exam, hypoxia and rales are
common.17 Cases of Acute Respiratory Distress Syndrome
(ARDS) have also been reported.17

Diagnostic Imaging. On chest x-ray, a typical miliary pattern of
pulmonary opacities measuring 2 mm or less may be seen.17 The
reticulonodular pattern of miliary disease may be seen on either
chest x-ray or CT.17 These findings in the setting of a patient with
concerning systemic symptoms strongly suggest a diagnosis of
miliary TB. Similar chest CT findings can be seen in patients with
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infections due to Mycoplasma pneumoniae, Haemophilus influen-
zae, or in noninfectious disease processes such as lymphoma, sar-
coidosis, or other pneumoconiosis.17

Diagnostic Tests. Patients with miliary tuberculosis are often
unable to mount a sufficient immune response to cause PPD con-
version.17 Diagnosis rests on sputum for smear and culture. Bron-
choalveolar lavage (BAL) can be considered if sputum cultures are
not available or if clinical index is high and cultures are negative.17

Extrapulmonary TB: CNS Tuberculosis. Epidemiology.
CNS infection with tuberculosis results in either meningitis or in
the formation of an intracranial space-occupying lesion known as
a tuberculoma.1 In the United States, the dominant form of CNS
infection is meningitis with approximately 300-400 cases of
tuberculous meningitis occurring per year.18,64 This represents
approximately 1% of all clinical TB cases. Tuberculous meningi-
tis is most commonly seen following primary infection in chil-
dren or infants, or alternatively following reactivation disease in
immunocompromised adults.1 The case fatality rate of tubercu-
lous meningitis is 15-40% despite aggressive treatment.18,64 Early
multi-drug therapy is key to the prevention of severe morbidity
and mortality from this disease.

Pathogenesis. Meningitis develops after the activation of a
tubercle either during primary progressive disease or during post-
primary progressive disease. The activated tubercle ruptures and
spills its tubercular protein into the subarachnoid space.65 The
irritant effect of the protein in the subarachnoid space produces
an inflammatory reaction that can manifest as either a prolifera-
tive arachnoiditis, intracranial vasculitis with subsequent throm-
bosis or infarction, or communicating hydrocephalus due to
inflammatory changes in the basilar cisterns impeding cere-
brospinal fluid (CSF) reabsorption.65,66

Presentation. Clinically, the signs and symptoms of tubercu-
lous meningitis can be divided into three phases.67 In the prodro-
mal phase, headache, low grade fever, malaise, and personality
change are common. In the meningitic phase, classic meningis-
mus, vomiting, confusion, severe headache, and potentially cra-
nial nerve or other focal neurological deficits may be seen.67 The
third phase, known as the paralytic phase, is the most dangerous
as seizures, coma, hemiparesis, and complete confusion may
occur.67 If considering meningeal TB, a fundoscopic exam should
be performed to check for choroidal lesions.67

Diagnostic Imaging. CT scans with contrast of the head may
show basilar meningeal enhancement.68 This finding, accompa-
nied by any degree of hydrocephalus, strongly suggests a diagno-
sis of tuberculous meningitis.65,69 In the prodromal stage, the CT
scan is normal in approximately 30% of patients.69 MRI is supe-
rior to CT, especially for evaluation of the basal ganglia, mid-
brain, and remainder of the brainstem.69 If possible, a non-con-
trast head CT should be obtained prior to the lumbar puncture to
rule out significant hydrocephalus.69

Diagnostic Tests. Diagnosis is by CSF analysis, culture, and
AFB smear.2 CSF fluid will most often show an elevated protein
(100-500 mg/dL) and low glucose levels (less than 46 mg/dL in
80% of cases), with a lymphocytic pleocytosis (between 100 and
500 cells/microLiter).2,67,69,70 Early in the stage of disease, howev-

er, the cellular reaction may lack the leukocytosis, or present
with a polymorphonuclear leukocyte (PMN) predominance. A
PMN predominance may also occur after initiation of drug thera-
py for tuberculosis.2,67,69,70

Repeat CSF cultures are key to the diagnosis of TB meningi-
tis.69 It is recommended that at least three lumbar punctures be
performed at daily intervals to increase diagnostic yield.69 The
repeat CSF specimens are of value even if antibiotic therapy has
been initiated. In one series, 37% of cases were diagnosed based
on an initial positive AFB smear.69 However, after four serial
specimens, even after administration of anti-tuberculous drugs,
the diagnostic yield increased to 87%.69 The yield on the CSF is
dramatically improved if a large volume (10-15 cc) is removed,
and if the last fluid from the lumbar puncture is used.67,69,71

Treatment. Treatment should be prompt and should not await
the results of cultures or smears if the patient condition is critical
or if there is strong suspicion for the disease, especially given
that the yield of CSF AFB staining and culture is low. Often,
treatment is initiated empirically in patients with CSF pleocyto-
sis, elevated protein, and concomitant risk factors for TB without
another diagnosis seeming more evident (see Treatment section). 

Tuberculous Lymphadenitis. Epidemiology. In the United
States, lymphatic tuberculosis accounts for 31% of all cases of
extrapulmonary tuberculosis.72 TB lymphadenitis presents with a
median age of approximately 40 years, and the age of onset rang-
ing from 20-40 years.73-76 Additionally, TB lymphadenopathy more
commonly occurs in Asian Pacific Islanders and in women.72,77

Relapse rates of 3.5% are reported after treatment.78 Residual pal-
pable lymphadenopathy may persist even after treatment.78

Pathogenesis. In non-HIV or otherwise immunocompromised
patients, TB lymphadenopathy is often secondary to reactivation
of disease at a site seeded hematogenously during primary infec-
tion. Cervical TB lymphadenitis is also possible secondary to pri-
mary tonsillar or adenoid infection.2,18,79

Presentation. In HIV-infected patients, TB lymphadenitis
more frequently presents with systemic symptoms such as fever.
In an immunocompetent individual, chronic nontender lym-
phadenopathy is observed with the absence of systemic symp-
toms.72-74 Scrofula, or the involvement of cervical lymph nodes,
is found in 63-77% of cases.73,74 The anterior or posterior cervical
triangles are more commonly involved, but submandibular and
supraclavicular lymph nodes can also be affected.80-83 Multiple
nodes at an affected site are often involved, but bilateral disease
is uncommon. Infection of axillary, inguinal, mesenteric, medi-
astinal, and intramammary nodes has been reported.84-86 Medi-
astinal lymphadenopathy resulting in dysphagia, esophageal per-
foration, recurrent laryngeal nerve involvement with ensuing
vocal cord paralysis, and pulmonary artery occlusion have also
been observed.87-90 In the abdominal cavity, the periportal lymph
nodes are more commonly involved, followed by mesenteric and
peripancreatic lymph nodes.85 Lymph node compression of renal
arteries has been reported to cause renovascular hypertension,
while hepatic lymphadenitis has resulted in jaundice, portal vein
thrombosis, and portal hypertension.91,92

Diagnostic Imaging. Radiographically, chest x-rays are often
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unremarkable in HIV-negative patients. In HIV-positive patients,
the chest x-ray may show an abnormality such as evidence of
active pulmonary TB or pleural thickening and fibrosis suggestive
of prior TB disease.81,84,93 Ultrasound, CT with contrast, and MRI
are newer imaging modalities for tuberculous lymphadenitis. 

Diagnostic Tests. The standard for diagnosis of tuberculous
lymphadenitis is fine needle aspiration (FNA), culture, and his-
tology of an enlarged lymph node.80,82 FNA fluid should be sent
for PCR testing (if available) in addition to culture, cytology, and
microscopy. If excisional biopsy is performed, caseating granulo-
mas suggest TB, but are not specific for this condition.80,82 Bron-
choscopy or mediastinoscopy can also be performed. 

Skeletal TB. Epidemiology. Tuberculous infection of the
bones and joints accounts for 10-35% of cases of extrapulmonary
tuberculosis.79,94-96 Of these cases, half are musculoskeletal dis-
ease involving the spine.97 Prognosis depends on the stage at
which the antibiotic treatment is initiated and the clinical pattern
of neurological involvement.

Pathogenesis. In the United States, bony TB more commonly
occurs as part of reactivation disease. Primary tuberculosis infec-
tion seeds organisms to the bone and synovium.72,94 Vertebral
bodies, due to their high blood flow, are vulnerable to this seed-
ing even in adulthood. Bony TB can also occur from contiguous
spread from an infected site. Rarely, an apical pulmonary focus
of TB can invade the joint between the first and second cervical
vertebrae, thereby causing atlantoaxial TB.98

Spinal TB, or Pott’s disease, commonly affects the lumbar
and lower thoracic region.99,100 Infection starts in the anteroinferi-
or aspect of the vertebral body and then spreads along the anteri-
or ligament to the adjacent vertebral body.12 Inflammatory bony
destruction and necrosis can collapse the vertebral body and
cause disc herniation.12 Severe bony deformities can compress
the spinal cord.12 Possible complications of Pott’s disease include
development of a spinal or epidural abscess, cord compression,
and resultant paraplegia known as Pott’s paraplegia.101,102

The next most common skeletal tuberculosis conditions are
tuberculous arthritis, which is usually monoarticular (classically
affecting the hip or knee), and extraspinal tuberculous
osteomyelitis.103 In tuberculous arthritis, granulomatous changes
cause erosion of the cartilage and joint effusions. Classic arthritic
changes including joint deformities can occur. In extraspinal
tuberculous disease, almost any bone can be infected, from the
sternum to the ribs to the symphysis pubis. Poncet’s disease is a
rare acute symmetric polyarthritis involving large and small
joints and is associated with active pulmonary, extrapulmonary
or miliary TB.104,105 In Poncet’s disease, there is no evidence of
active infection of the involved joints.106 This arthritis resolves
after anti-tuberculosis drug therapy is initiated.

Presentation. Clinically, patients with spinal TB will present
with focal pain, muscle spasm, and rigidity. As described in a clas-
sic text, the gait is “aldermanic” in nature, referring to the patient
taking “short deliberate steps to avoid any jarring of the spine.”107

The patient also maintains an upright erect posture for the same rea-
son. Systemic symptoms are present in fewer than 40% of cases.107

Patients with articular TB will present with swelling, pain,

and loss of function in the affected joint over a period of weeks
to months.94 The hip joint is most frequently affected.94 “Night
cries” often are reported, which refers to the pain accompanying
unguarded movement of the joint at night, when relaxation of the
muscle spasm has occurred.94 Systemic symptoms occur in only
30% of patients with tuberculous arthritis.108

Patients with extraspinal TB usually present with pain over the
affected bony site, however presentations of painless masses that
have been found to contain tuberculosis are also documented.109-110

Diagnostic Imaging. Radiographically, there are no pathogno-
monic changes associated with musculoskeletal TB. Evidence of
soft-tissue swelling, osteopenia, and bony destruction can be
seen, followed by soft-tissue calcification, structural collapse, or
sclerotic changes with later disease.100,107,111 Disc spaces can be
obliterated. Osteolytic lesions in the absence of disc space
involvement can be seen. In tuberculous arthritis, Phemister’s
triad consisting of osteopenia, peripherally located osseous ero-
sions, and gradual narrowing of the disc space can be
seen.100,107,111 MRI of the affected limb can be valuable in delin-
eating soft-tissue extension and spinal cord compression, while
CT of the affected limb is useful for determining extent of
involvement.112

Diagnostic Tests. Needle aspiration, biopsy, and culture of the
infected area is the standard for diagnosis.12 Synovial biopsy and
culture for TB is also recommended.12

Other Extrapulmonary TB Manifestations. TB can infect
almost every organ system of the body. (See Table 2.)

Acute Management
Acute Management of a Positive PPD. The PPD is an

advanced version of the initial tuberculin test and is performed
by precipitating protein components from culture filtrate of M.
tuberculosis. 

In the United States, the PPD is employed mainly in the annu-
al screening of asymptomatic high-risk individuals. High-risk
individuals include those with close contact with persons with
active TB (including health care workers, prison guards, labora-
tory personnel), as well as those with a medical condition that
may confer a heightened risk of developing TB.153 These condi-
tions include immunosuppressive conditions including diabetes
mellitus, long-term steroid therapy, malignancies, hemodialysis,
solid organ transplant recipients, as well as any state of malnutri-
tion.12,153 Residents of long-term care facilities, either correctional
or nursing facilities, as well as low-income, injection drug using,
or homeless patients should also be screened regularly.  

A PPD may be appropriate in patients who have either had a
known exposure to tuberculosis in a close contact or relative, or
in the case of recent immigration or refugee status from a TB-
endemic country.12

If a person has been infected with M. tuberculosis, he will
mount a cell-mediated delayed type hypersensitivity (DTH)
response, mediated by T lymphocytes, to the purified protein.1 T
cells and other inflammatory cells infiltrate the area of the PPD
placement, producing maximal induration at 48-72 hours follow-
ing placement.1 The patient’s time from exposure should be 2-8
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weeks to mount an effective PPD conversion response.1

A PPD should be read 48-72 hours after placement to detect
the maximal immune reaction. However, a positive PPD at 96
hours or more can still be recorded as positive.1 A negative PPD
at greater than 72 hours should not be trusted as a true negative.11

Most individuals who have received the BCG vaccine will
have a 3-19 mm reaction to the tuberculin skin test at 2-3 months
following the administration of the vaccine.24 This reaction will
diminish over time and will usually not persist beyond 10 years
from the date of vaccination.24

A chest x-ray should be obtained in all patients with a positive
PPD to rule out active disease. If the chest radiograph is negative,
and the patient is asymptomatic, the patient should be referred to a
primary medical doctor for initiation of antibiotic therapy. If the
patient has HIV risk factors, testing for HIV is also recommended.
If the chest x-ray suggests active TB, or the patient has symptoms
suggestive of TB, the patient should be admitted to confirm the
diagnosis, treatment should be initiated, and the patient should be
isolated until he is no longer infectious to others.153

This false negative PPD reaction can be secondary to: cytokines
initiated during active disease that inhibit the delayed hypersensi-
tivity immune response; anergy due to another condition causing
immune compromise; severe TB (i.e., disseminated TB); other
viral infection; other corticosteroid therapy; or poor nutrition.154

Acute Management of Suspected Active TB. Patients pres-
ent with symptoms of pulmonary disease (i.e., dyspnea, cough,
hemoptysis) only 33% of the time, while medical, but nonpul-
monary (i.e., chest pain, abdominal pain, or vomiting) com-

plaints, are present in 41% of cases. Still other studies have
examined a range of screening questionnaires to identify and
isolate patients with possible active pulmonary TB.155 Pre-
dictably, protocols with the broadest criteria do result in identifi-
cation of a higher percentage of patients with active pulmonary
TB, but use resources such as respiratory isolation rooms with
greater frequency than is feasible at most hospitals.156 Thus, the
issue of appropriate, effective, and cost-effective screening of
patients with active pulmonary TB needs further attention and
investigation. 

The involvement of the practitioner with the management of
suspected active tuberculosis begins with a thorough screening
effort. In adults, this screening is done by evaluating a focused
review of systems (ROS), ideally at the triage station. An assess-
ment of risk factors should be performed by the primary
provider. On ROS, concerning symptoms are history of cough,
fever, night sweats, and weight loss.

Patients with such symptoms should immediately be given a
surgical mask to wear and be placed in a negative pressure isola-
tion room.2 If a negative pressure room is unavailable, at the bare
minimum a mask should be placed on the patient and on other
patients sharing a room or hallway.2 Another option is to have the
patient wait outside, if their condition and the weather permit.
The TB risk factors usually are elicited after a more in-depth dis-
cussion with the patient and include: a recent contact with a TB
patient; a history of TB; HIV disease; homelessness; shelter or
skilled nursing facility or other group/congregational residence;
IVDU (intravenous drug use); alcohol use/abuse; having been
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Table 2. Uncommon Extrapulmonary Manifestations of TB, Presenting Signs and Symptoms,
and Initial Recommended Diagnostic Workup and Imaging113-152

SITE SIGNS/SYMPTOMS DIAGNOSTIC WORKUP DIAGNOSTIC IMAGING
Renal Gross or microscopic hematuria Urinalysis CT or MRI or renal ultrasound or IVP

Dysuria Urine AFB smear and culture Renal biopsy
Pyuria

Peritoneal Ascites Ascites fluid AFB smear and culture CT
Abdominal pain Ultrasound
Fever Peritoneal biopsy

Pericardial Cough Pericardiocentesis ECG
Dyspnea Pericardial biopsy ECHO
Chest pain
Night sweats

Intraocular Uveitis—unilateral vision loss Fundoscopic exam Chorioretinal endobiopsy
Choroidal tubercles Anterior chamber fluid aspiration

Genital Ovarian, fallopian, or Pelvic exam Endometrial biopsy
endometrial involvement Pelvic ultrasound

Pelvic pain
Pelvic mass
Abnormal vaginal or 

uterine bleeding



born in a foreign country; renal failure; diabetes mellitus.157

Acute Management: The following management algorithm
should be applied:

1. Respiratory isolation in a negative pressure room to pre-
vent spread of organisms outside of the room.2 If patients have to
leave the room for imaging, they should wear a surgical mask
during transport.2

2. Imaging as appropriate. Any time extrapulmonary TB is
suspected, pulmonary TB must be ruled out. Therefore, obtain
screening chest radiographs and/or CT scans to rule out pulmonary
involvement as part of the workup for extrapulmonary TB. 

3. Physicians and nurses caring for the patient should wear
N95 disposable respirators/masks.2

4. Initiate antibiotic therapy in cases where severe condi-
tions such as miliary or meningeal TB are suspected. Unless
resistant organisms are suspected or known, a standard first-line
regimen should be used.2

5. In cases where patients are boarded for a long period of
time, sputum for smear and other diagnostic cultures should be
pursued. Serologic studies, as available, should also be sent.

6. Admit the patient for a full workup of extrapulmonary
TB and/or workup of pulmonary TB. Treatment can be initiat-
ed following a positive smear, or even prior to results of the
smear if the clinical and radiographic evidence is high.2 Ideal-
ly, all anti-tuberculous therapy should be started only in con-
junction with infectious disease consultation, especially in
patients who are HIV-positive, for whom the anti-retroviral
medication must be coordinated with the anti-tuberculous
treatment.2

7. All cases of tuberculosis must be reported to the Public
Health Department.2

8. Health care workers who have known exposure to a
patient with active TB should be PPD tested within a few months
of exposure. There is no role for antibiotic prophylaxis for TB.

Treatment
Treatment is usually started after a definitive diagnosis of TB.

Isolation is recommended until at least 2 weeks of therapy have
been completed; however, if a patient has multiple drug resistant
(MDR) TB, isolation should only end when the AFB smears are
negative. For pulmonary TB, the complete regimen of therapy
should utilize four drugs for the initial two months, followed by
18 weeks of continuation therapy with a modified regimen of
isoniazid and rifampin. Patients with cavitary lesions at the time
of diagnosis, positive sputum cultures at the end of the first two
months of treatment, or those who did not receive pyrazinamide
initially, should have 31 weeks of continuation therapy instead of
the usual 18 weeks. 

Pulmonary TB. Active Pulmonary TB. The treatment course
for active pulmonary TB is divided into an “initiation phase” and a
“continuation phase” of drug therapy.153 The initiation phase of
treatment for active pulmonary TB is a four-drug regimen known
as the RIPE regimen, of rifampin (RIF), isoniazid (INH), pyrazi-
namide (Pyr), and ethambutol (EMB).153 This regimen can be start-
ed before the results of cultures or smears are received, especially
in patients for whom there is a high clinical suspicion for active
tuberculosis or who are critically ill.153 The drug regimen should be
modified after 2 months of initial treatment based on drug suscep-
tibilities of the organism. The management of HIV-positive
patients in the initiation phase of therapy does not differ from treat-
ment of HIV-negative patients.153

Latent TB Infection. Latent TB infection should be managed
with 9 months of daily INH therapy, with pyridoxine supplemen-
tation.158 No clinical trial has been done to compare 9 months of
INH to 6 months of INH.158 Pyridoxine supplementation is given
along with INH therapy because INH results in depletion of vita-
min B6.159 Pyridoxine deficiency results in primarily a distal sen-
sory neuropathy that is effectively prevented with daily supple-
mentation.159 The management of LTBI is the same regardless of
HIV status.158

Extrapulmonary TB. All forms of extrapulmonary TB
should be managed with an initial 6- to 9-month regimen of
anti-tuberculous therapy, provided that the initial regimen
includes isoniazid and rifampin.160 In the first two months, the
RIPE regimen (defined above) should be given.2 After the first
two months, if cultures demonstrate adequate susceptibility,
only the INH and RIF should be continued for the remaining 4-7
months.2

In cases of CNS tuberculosis, extended therapy for 9-12
months is recommended, though not supported by any random-
ized clinical trial.2,160 Extended therapy frequently is given in
cases of bony or joint infection with tuberculosis or in cases of
drug resistance.2 Steroids are included in the treatment of tuber-
culous meningitis.161

Close consultation with an infectious disease specialist for all
treatment regimens in HIV-positive patients is recommended due
to potential interactions between anti-retroviral and anti-tubercu-
lous drugs.160 However, the current recommendation is that the
treatment of extrapulmonary TB in HIV-positive patients is the
same as in HIV-negative patients.160
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Table 3. Correlation of PPD Reaction 
in Millimeters with Patient Risk Category12,153

REACTION (MM) CONSIDER POSITIVE IN: 

5 mm • High-risk patients 
10 mm • High-risk patients 

• Patients with a high probability of recent 
infection 

• Patients with any of the following risk 
factors: recent immigration from TB-
endemic countries, HIV negative IVDU, 
residents of hospitals, nursing homes, 
jails, mental facilities, or homeless 
shelters, health care workers, or 
laboratory personnel 

• All children younger than 4 years old 
• Any child exposed to adults at high-risk for 

contracting TB
15 mm • Low-risk populations (i.e., patients tested 

as part of routine screening and who 
have no risk factors or known exposures)



Multi-Drug Resistant Tuberculosis (MDR-TB). MDR-TB
refers to strains of Mycobacterium tuberculosis that are resistant
to isoniazid and rifampin.162 MDR-TB is a global problem with
an estimated prevalence of 1.1% in newly diagnosed patients.162

The development of MDR-TB is multi-factorial. Incomplete and
inadequate treatment is felt to be the primary factor enabling the
development of MDR-TB.162 Genetic factors of the organism,
patient non-compliance, poor infection control in hospitals, and
poorly supervised treatment programs are other factors contribut-
ing to the problem.162

Within the United States, the prevalence of drug-resistant
tuberculosis is overall decreasing due to greater awareness, a
more standardized approach to treatment (i.e., with multiple
drugs, sputum for culture and sensitivities) programs to improve
compliance, and infection control.163 However, despite the overall
decrease, there are still areas of the nation where MDR-TB is a
significant threat. Specifically, in California the percentage of
MDR-TB cases (1.4%) has not changed between 1994 and
2003.163 These figures are evidence for the need for ongoing
awareness regarding MDR-TB within the United States and the
importance of initiating and ensuring compliance with adequate
treatment regimens for tuberculosis.

Treatment Complications 
Hepatitis. Use of INH, Rif, or Pyr can cause drug-induced hep-

atitis at any point during treatment.164 The drug-induced hepatitis
may be asymptomatic or symptomatic. In asymptomatic patients,
this is defined as having a serum aspartate transaminase (AST)
level of 5 times the upper limit of normal.153 In a symptomatic
patient (most commonly presenting with abdominal pain, nausea,
vomiting), the condition is defined as having an AST of 3 times the
upper limit of normal.153 If a patient presents with a significant ele-
vation of AST, the medication should be discontinued. 

Medication Side Effects. The drugs used for first-line treat-
ment of tuberculosis can cause a range of side effects. Full
review is beyond the scope of this paper. The most relevant and
common reactions are covered here. 

Gastrointestinal (GI) Symptoms. Nausea, vomiting, and
decreased appetite can occur in the absence of elevated LFTs. All
anti-tuberculosis drugs can cause GI upset.164 Taking the medica-
tion with food can alleviate the majority of non-hepatitis GI upset.

Rash. All anti-tuberculosis drugs can cause a rash, ranging
from a minor pruritus to a petechial rash.164 Minor pruritus is
treated with an antihistamine. A generalized erythematous rash
with any mucous membrane involvement is more serious and all
drugs should be stopped.164 If the rash is petechial in nature, the
patient’s platelet count should be checked to ensure the rash is not
due to thrombocytopenia, likely induced by RIF.164 If the rash
resolves after discontinuing the medications, the medications can
be restarted one at a time, a few days apart.164 RIF should always
be the first one to be restarted, then INH, and then EMB or
PZA.164 If three drugs can be restarted without any rash recurring,
the fourth drug should be held unless it is key to the therapy.164

Drug-Drug Interactions. Providers must be aware of some of
the key interactions between anti-tuberculosis drugs and other

drugs such as coumadin or anti-retrovirals. The rifamycins,
including rifampin, rifabutin, and rifapentine, induce the
cytochrome p450 system, and can thereby decrease the circulat-
ing concentrations of several other drugs such as coumadin164 and
anti-retrovirals, specifically the protease inhibitors (PIs), and the
non-nucleoside reverse transcriptase inhibitors (NNRTIs).164 INH
also inhibits the p450 cytochrome system, and will increase the
concentrations of phenytoin, carbamazepine, diazepam, aceta-
minophen, warfarin, or disulfiram.164 These drug-drug interac-
tions should be considered when evaluating a patient on any of
these medications. 

Conclusion
Primary care providers must be able to identify patients at risk

of TB and understand the diagnostic tests needed, as well as the
initial management of these patients. The clinical suspicion for
both pulmonary and extrapulmonary manifestations of the dis-
ease must remain high, especially in the setting of the immuno-
compromised patient. Patients suspected of TB should be placed
in respiratory isolation with health workers taking respiratory
precautions as well. Patients should be admitted and diagnosis of
both pulmonary and extrapulmonary TB should be aggressively
pursued to prevent further transmission. Latent infections detect-
ed via the PPD test should be treated to prevent reactivation dis-
ease later in life. The pediatric patient should also be thoroughly
evaluated for tuberculosis infection, because sputum smears and
cultures are often negative. Treatment should be broad-spectrum
initially and later tailored based on infectious disease specialist
recommendations and culture and sensitivities. Patient and fami-
ly education regarding this condition is key to the control of its
spread. In the coming years, improved programs for testing,
diagnosis, treatment, and follow-up of patients with tuberculosis
will hopefully aid in the control of this epidemic. 
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Physician CME Questions

1. Tuberculosis in pediatric patients:

A. is similar in presentation and treatment to adults.

B. reliably demonstrates acid-fast bacilli (AFB) on sputum stain.

C. is grossly overestimated by surveillance data.

D. more commonly presents with or develops extra-pulmonary

manifestations.

2. In a hemodynamically stable patient who presents complaining of

fever, chills, night sweats, weight loss, and cough, which of the 

following is the most important step for initial management?

A. Respiratory isolation and admission for definitive diagnosis

B. Sputum culture and outpatient management

C. Immediate anti-tuberculosis therapy 

D. Immediate broad spectrum fluoroquinolone therapy prior to 

culture results

3. A 30-year-old immigrant from Mexico presents with cough and fever.

He states that he was treated for TB in Mexico for 6 months with 3

drugs, but is unable to recall their names. His chest x-ray shows a pul-

monary infiltrate in the right lower lobe with an effusion. Which is the

accurate statement regarding management of this patient?

A. Treat with azithromycin, as 3-drug therapy for 6 months is 

adequate treatment for pulmonary TB.

B. Assume multi-drug resistant TB is present in this patient.

C. Start treatment with isoniazid only.

D. Start treatment with isoniazid and rifampin.

4. A 12-year-old boy who received the BCG vaccine as a child presents

for reading of his PPD, placed at his entrance to school. The PPD is

measured at 19 mm. No known prior PPD readings on this patient are

known. This PPD reaction should be read as:

A. positive.

B. negative.

C. indeterminate given his vaccinated status.

D. indeterminate given his age.

5. The most common finding on chest x-ray of primary pulmonary

tuberculosis is:

A. upper lobe infiltrate.

B. lobar collapse.

C. hilar adenopathy.

D. pneumothorax.

6. A woman who is 5-months pregnant presents with a positive PPD and

symptoms of tuberculosis including fever, cough, sputum, night

sweats, weight loss, and a known exposure. Given her pregnant status,

your recommendation to her is:

A. to postpone treatment until birth of the child.

B. to start only INH at this time, consult infectious disease 

specialist for full treatment regimen.

C. to start full treatment for tuberculosis at this time, excluding 

teratogenic drugs, and consult infectious disease specialist for

full treatment regimen.

D. to have no treatment; a positive PPD is a common false positive

during pregnancy.

7. Which of the following statements is true?

A. TB is the number one infectious cause of death worldwide.  

B. Worldwide TB has infected 2 billion people.

C. Primary infection will occur in 50% of patients who are infected

with TB.

D. Latent infection will occur in 50% of patients who are infected

with TB.  

8. A patient who has been on RIPE for 1 month presents with nausea,

vomiting, and abdominal pain. His AST is greater than 2500. An

appropriate treatment decision would be:

A. stop the rifampin only.

B. stop the INH and continue the rifampin, pyrazinamide, and

ethambutol.

C. stop all TB drugs.

D. do not stop any medications.
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program by reading the article, using the provided references for
further research, and studying the questions at the end of the arti-
cle. Participants should select what they believe to be the correct
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knowledge. To clarify confusion surrounding any questions
answered incorrectly, please consult the source material. After
completing this activity, you must complete the evaluation form
that will be provided at the end of the semester and return it in
the reply envelope provided to receive a certificate of completion.
When your evaluation is received, a certificate will be mailed to
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9. A patient has culture-positive tuberculosis that is resistant to INH and

rifampin, but sensitive to all other agents. This type of resistance pat-

tern is known as:

A. secondary resistance.

B. multi-drug resistant TB (MDR-TB).

C. community-acquired TB.

D. hospital-acquired TB.

10. Which of the following is not a major risk factor for the development

of reactivation or post-primary TB?

A. HIV disease

B. Smoking

C. Diabetes mellitus

D. End stage renal disease (ESRD)

CME Answer Key

1. D; 2. A; 3. B; 4. A; 5. C; 6. C; 7. B; 8. C; 9. B; 10. B
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Presented by: William Jarvis, MD, one of the world's leading experts on health care epidemiology.
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3525 Piedmont Road NE  

Building Six, Suite 400  

Atlanta, Georgia 30305-1515  

Tel (404) 262-7436 

Fax (404) 262-7837 

www.ahcmedia.com

Dear Primary Care Reports Subscriber:

This issue of your newsletter marks the start of a new continuing medical education (CME)
semester and provides us with an opportunity to review the procedures. 

Primary Care Reports, sponsored by AHC Media LLC, provides you with evidence-based
information and best practices that help you make informed decisions concerning treatment
options and physician office practices. Our intent is the same as yours - the best possible
patient care.  

The objectives of Primary Care Reports are to:
• To discuss up-to-date information on all aspects of primary care, including new drugs,

techniques, equipment, trials, studies, books, teaching aids, and other information pertinent
to primary care;

• To describe the pros and cons of new testing procedures.;
• To summarize the most recent significant primary care medicine-related studies ; and
• To evaluate the credibility of published data and recommendations.

Each issue of your newsletter contains questions relating to the information provided in that
issue. After reading the issue, answer the questions at the end of the issue to the best of your
ability. You can then compare your answers against the correct answers provided in an answer
key in the newsletter. If any of your answers were incorrect, please refer back to the source
material to clarify any misunderstanding. 

At the end of each semester you will receive an evaluation form to complete and return in
an envelope we will provide. Please make sure you sign the attestation verifying that you
have completed the activity as designed. Once we have received your completed evaluation
form we will mail you a letter of credit. This activity is valid 24 months from the date of pub-
lication. The target audience for this activity includes primary care and family physicians.

If you have any questions about the process, please call us at (800) 688-2421, or outside the
U.S. at (404) 262-5476. You can also fax us at (800) 284-3291, or outside the U.S. at (404)
262-5560. You can also email us at: customerservice@ahcmedia.com.

On behalf of AHC Media, we thank you for your trust and look forward to a continuing edu-
cation partnership.

Sincerely,

Brenda Mooney
Senior Vice-President/Group Publisher
AHC Media LLC



GlaxoSmithKline's rosiglitazone (Avandia)
will receive a black box warning by the
FDA because of concerns over heart fail-

ure associated with use of the drug.
Pioglitazone (Actos) will also be subject to a
black box warning for the same reason.  The
drugs, used for treatment of type 2 diabetes,
have been scrutinized because of a recent meta-
analysis that suggested that rosiglitazone was
associated with a significant- increase risk of
myocardial infarction and a borderline signifi-
cant-increase risk of death from cardiovascular
causes. (published www.NEJM. org on June 21,
2007 [10.1056/NEJMoa 072761]).  Soon on the
heels of the publication of this study,  Glaxo
rushed an interim analysis of its own trial to
press. The Rosiglitazone Evaluated for Cardiac
Outcomes and Regulation of Glycemia in
Diabetes (RECORD) trial was published online
in the New England Journal of Medicine on June 5,
2007.  In the RECORD study, 4,447 patients with
type 2 diabetes who had inadequate control
with metformin or a sulfonylurea were random-
ized to receive add-on rosiglitazone or a combi-
nation of metformin and a sulfonylurea.  The
primary endpoint was hospitalization or death
from cardiovascular causes.  After mean follow-
up of 3.75 years, 217 patients in the rosiglitazone
group and 202 patients in the control group had
the primary endpoint (hazard ratio 1.08), and
after adding in pending primary end points the
hazard ratio was 1.11 (95% CI, 0.93 to 1.32).
There was no statistically significant difference
between either group with regard to myocardial
infarction or death from cardiovascular causes
or any cause.  There was a significantly higher

rate of heart failure in rosiglitazone group (HR
2.15; 95% CI, 1.30 to 3.57).  The authors conclude
that the study was inconclusive regarding the
effect of rosiglitazone on the overall risk of hos-
pitalization or death from cardiovascular causes,
as there was no evidence of an increased death
rate of cardiovascular causes or all causes asso-
ciated with the drug, but there was a signifi-
cantly higher rate of heart failure.  There was
insufficient data to determine if there was an
increase risk of myocardial infarction (published
at www.NEJM.org June 5, 2007
[10.1056/NEJMoa 073394]).  The study was
accompanied by 3 editorials that recommended
caution in use of rosiglitazone and similar drugs
especially in patients at risk for congestive heart
failure.  And while GlaxoSmithKline sees the
study as vindication of the safety the drug, oth-
ers, including the FDA, see the risk of congestive
heart failure as a significant safety risk. Soon
after publication of the RECORD study, a con-
gressional hearing was held to discuss the safety
of rosiglitazone and within days the FDA issued
the black box requirement for rosiglitazone and
pioglitazone.  During the hearing, it came to
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light that at least one official at the FDA had
suggested stronger warnings on rosiglitazone
nearly a year ago, but her recommendation was
ignored; she was reassigned and subsequently
left the agency. Within several days of the
rosiglitazone hearing, legislation was introduced
to bolster the FDA’s ability to monitor prescrip-
tion drug side effects, a bill which also includes
many of the Institute of Medicines recent recom-
mendations on drug safety, and also included
limiting direct-to-consumer advertising for
newly approved medications. 

Aspirin, Higher Doses No More Effective, Risky
What is the best dose of aspirin for prevention

of cardiovascular disease? More than 50 million
people take aspirin regularly in doses that range
from 50 mg to over 1000 mg per day.  The most
commonly used doses are 81 mg and 325 mg per
day.  A recent systematic review of the English-
language literature revealed that doses as low as
30 mg/day are effective at fully inhibiting
platelet thromboxane production and prevent-
ing platelet aggregation.  Despite this, higher
doses are frequently used. The available evi-
dence, primarily from secondary prevention tri-
als, suggest that doses greater than 81 mg do not
enhance efficacy, but do increase risk of GI
bleeding and other toxicities.  The authors con-
clude that aspirin doses of 75 mg to 81 mg/day
are optimal for the indication of cardiovascular
disease prevention, and higher doses are no
more effective but are associated with higher
risk (JAMA 2007; 297:2018-2024).

Subclinical Hypothyroidism Treatment Benefits
Subclinical hypothyroidism is defined as

raised TSH levels with circulating thyroid hor-
mones within the normal range.  A new study
suggests that treatment of subclinical hypothy-
roidism improves cardiovascular risk factors and
quality of life.  One hundred patients with a
mean TSH of 6.6 mIU/l who had never received
thyroid treatment and did not have cardiovascu-
lar disease were enrolled in a randomized, dou-
ble-blinded crossover study of 100 µg of
l-thyroxine or placebo daily for 12 weeks.
Treatment with L-thyroxine reduced total choles-
terol from an average of 231.6 to 220 mg/dl 
(P <0.001), LDL cholesterol from 142.9 to 131.3
mg/dl (P < 0.05), and waist to hip ratio from 0.83
to 0.81 (P < 0.006).  Treatment also significantly
improved endothelial function based on brachial
artery flow mediated dilation, an early marker of

atherosclerosis.  Patients also reported decreased
tiredness in the active treatment group, and there
was a trend towards improvement in the per-
ceived negative impact of hypothyroidism on
sexual function.  The authors conclude that treat-
ing subclinical hypothyroidism with l-thyroxine
lead to significant improvements of cardiovascu-
lar risk factors and symptoms of tiredness (J Clin
Endocrinol Metab 2007; 92:1715-1723).

FDA approvals
The FDA has approved a new transdermal

patch for the treatment of early stage idiopathic
Parkinson’s disease. Rotigotine transdermal is a
once-daily patch that is available in 2, 4 and 6 mg
strengths. The drug is a dopamine agonist that
affects D3/D2/D1 receptors and is thought to
exert its effect via stimulation of dopamine D2
receptors.  In clinical trials the patch was shown
to improve scores on standardized rating scales
for daily living and motor components in
Parkinson’s disease.  The most common side
effects are site reactions, dizziness, nausea, vomit-
ing, somnolence and insomnia.  Rotigotine trans-
dermal will be available by the end of 2007 and
will be marketed by Schwartz Pharma under the
trade name Neupro.

The FDA has approved a new continuous con-
traceptive for women that is designed to elimi-
nate menstruation.  Wyeth pharmaceuticals
Lybrel is a 28-day pill pack of levonorgestrel and
ethinyl estradiol (90 µg/20 µg) that does not con-
tain a placebo or pill-free interval.  In clinical tri-
als 59% of women achieved amenorrhea without
bleeding or spotting, while 20% experienced
spotting but did not require sanitary protection,
and 21% required sanitary protection due to
breakthrough bleeding.  There was also no delay
to return of menses after discontinuing the prod-
uct nor any significant delay in fertility.  Lybrel is
scheduled to be available by July 2007.

Risedronate (Actonel) has received approval
for a new once-a-month dosing schedule for the
treatment of osteoporosis.  The dose regimen
requires patients to take 75 mg tablets on 2 con-
secutive days each month.  The approval was
based on a study that compared the monthly reg-
imen with a daily regimen of 5 mg per day and
showed no significant difference in efficacy for
increasing bone mineral density at the lumbar
spine, total hip, and hip trochanter.  Risedronate
is marketed by Procter & Gamble pharmaceuti-
cals. ■
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